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ISINGLASS,  A  lolid  glulinoui  lubitance,  olmoH  wliolly  geUtine,  prepued 
chirfl;  from  a  fish  of  the  aturgeoD  kind,  caught  ia  riven  of  Kuuia  uid  Huii' 
gnty.  Tiie  bellugs  yieUi  tlie  ffreateil  quantity,  at  being  t!ie  largest  and  mixt 
plenlirul  liih  in  the  riven  of  KuiBia;  but  tbe  eoundi,  or  air  bladdon  of  all 
nvih-water  fiili,  yield,  more  or  less,  fine  iiingloi*,  particularly  the  smaller  iort«, 
fnund  in  prodigiouK  qiianticiet  in  the  Caspian  Sea,  and  aevcral  hundred  milei 
beyond  Astracan,  in  the  Wolga,  Yaifc,  Don,  and  even  as  far  a»  Siberia.  Tha 
folloving  ii  the  uiual  mode  oi  preparing  isinglass: — The  sounds,  or  other  parta 
of  which  il  is  to  be  made,  aie  taken  from  the  Gih  Khile  avect  and  frcah,  slit 
open,  washed  from  their  ilimy  sordet,  divested  of  every  thin  membrane  icbjch 
envelopes  the  sound,  and  then  exposed,  to  stiffen  a  little  in  tiie  air.  In  this  state 
they  are  formed  into  rolls,  about  the  thickneu  of  a  finger,  and  in  length  accoi^ 
ding  lo  the  intended  size  of  tbe  staple:  a  thin  membrane  is  generally  selected 
for  the  centre  of  the  roll,  round  which  the  rest  are  folded  alteniately,  and  about 
half  an  inch  of  each  e^itremity  of  the  roll  {■  turned  inwards.  The  due  dimen- 
sions being  thui  obtained,  the  two  ends  of  what  is  called  short  staple  are  pinned 
together  with  a  small  nooden  peg  ;  the  middle  of  the  roll  is  then  pressed  a  little 
downwards,  which  givts  it  the  resemblance  of  a  hcart-ihape ;  and  thus  it  is  laid 
on  boards,  or  hung  up  in  the  air  to  dry.  Tlie  sounds  which  compose  the  long 
staple  are  longer  than  the  former;  but  the  operator  lengthens  this  tort  at  plea- 
sure, by  inlertolding  the  ends  of  one  or  more  pieces  of  the  sound  with  each 
utiier.  The  extremities  are  fastened  with  a  peg  like  the  farmer,  but  the 
middle  part  of  the  roll  is  bent  more  considerabtv  downwards  j  and  in  order  to 
preserve  the  shape  of  the  three  obtuse  angles  thus  formed,  a  piece  of  round 
stick,  about  a  quarter  of  an  inch  in  diameter,  is  fastened  in  each  angle  with  small 
wooden  pegs,  in  the  same  manner  as  the  ends.  In  this  state  it  is  permitted  lo 
drj'  long  enough  to  retain  its  form,  when  tbe  pegs  and  sticks  are  taken  out,  and 
the  drying  completed;  lastly,  the  pieces  of  isinglass  are  collocated  in  rows,  by 
running  packthread  through  the  pegholes,  for  convenience  of  package  and 
exportation.  The  common  binds  of  ismglass,  called  the  "book"  and  "ordinary 
staple,"  are  composed  of  the  membranes,  which  wJU  not  admit  of  a  similar  for- 
mation with  the  preceding;  the  pieces,  therefore,  after  their  sides  are  folded 
inwardly,  are  bent  in  the  centre  in  such  manner  that  the  opposite  sides  resem- 
ble the  cover  of  a  book,  from  whence  its  name :  a  peg  being  run  across  tha 
middle,  lastens  the  sides  together,  and  thus  it  ia  dried  like  the  former.  Thia 
aoTt  ia  interleaved,  and  the  pegs  ran  across  the  ends,  the  better  to  prevent  its 
unfolding.  Ichthyocolla,  or  isinglais,  is  one  of  the  purest  and  1\nei\,  ot  \bfi 
iniraal  glues,  of  no  particular  smell  or  taste.     Beftten  into  iVuckda,  \l  ^mdVjc* 


4  IVORY. 

pretty  readilv  in  boHing  water  or  mQk,  and  forms  a  gelatinous  substanoCt  whk^ 
yields  a  mila  nutriment,  and  proves  useful,  medicinuly,  in  some  disorders. 

IVORY.  The  tusk  of  the  male  elephant  It  b  an  intermediate  substance 
between  bone  and  horn — ^hard*  solid,  white,  and  capable  of  taking  a  good 
polish.  The  finest,  whitest,  and  most  compact  ivory  comes  from  Ceylon,  which. 
It  is  observed,  keeps  its  colour  better,  and  therefore  bears  a  higher  value  than 
the  ivory  of  Guinea.  The  article  is  chiefly  consiuned  for  the  handles  of  kniTes, 
for  ornamental  utensils,  instruments,  cases,  boxes,  balls,  combs,  dice,  slabs  for 
miniature  paintings,  and  an  infinity  cf  toys.  The  coal  of  ivoiy  is  also  used 
in  the  arts  under  the  denomination  of  ivory  black.  The  tooth  of  the  sear 
horse  is  also  called  ivory,  but  from  its  extreme  hardness  it  is  rarely  worked  but 
for  making  artificial  teeth,  for  which  purpose  it  is  admirably  adapted,  on 
account  of  the  extremely  hard  iteel-likt  white  enamel  which  covers  it  The 
shavings  of  ivory  procured  from  the  ivory  turners,  for  domestic  use,  are  boiled 
in  water,  in  the  same  manner  as  hartshorn  shavings,  and  form  a  jelly  inferior 
to  none.  Any  piece  of  ivory,  scraped  into  shavings,  will  answer  equally  well 
to  sending  to  the  turners,  which  is  not  always  practicable.  In  the  manufac- 
turing of  various  articles  of  ivory  and  bone,  a  difficulty  is  experienced  on 
account  of  their  brittleness;  they  are  therefore  softened  by  submitting  them 
to  the  action  of  aquafortis  for  twelve  hours,  and  subseouently,  it  is  said,  to  the 
"  juice  of  berries,'  to  preserve  the  colour.  They  are  thus  rendered  so  soft  and 
pliant,  as  to  take  an  impression  from  a  dye.  They  are  hardened  again  by  im- 
mersing them  in  strong  vinegar  for  four  or  five  hours.  When  ivory  is  dis- 
coloured, it  may  be  whitened  or  bleached  by  steeping  it  in  a  strong  solution  of 
alum.  The  ivory  should  then  be  covered  with  cloth,  to  prevent  it  from  drying 
too  quickly,  which  renders  it  liable  to  split 

Ivory  is  stained  of  various  colours  in  the  following  manner :  Red, — ^Take  a 
quarter  of  a  pound  of  the  cuttings  of  scarlet  cloth,  half  a  pound  of  soft 
soap;  let  the  soap  be  well  nibbed  into  the  cloth;  then  put  them  into  an 
earthen  vessel,  anu  pour  upon  them  two  quarts  of  water ;  afterwards,  boil  them 
for  a  considerable  time,  which  will  extract  all  the  colouring  matter.  The  cloth 
may  then  be  taken  from  the  vessel,  and  the  coloured  liquor  pressed  out.  The 
ivory  to  be  stained  is  now  to  be  dipped  in  aquafortis,  then  in  cold  water,  and 
from  thence  into  the  dye,  whilst  it  is  warm,  which  will  stain  it  of  a  beautiful 
red.  Yellow, — Boil  the  ivory  in  a  solution  of  one  pound  of  alum  in  two  quarts 
of  water,  then  immerse  them  for  half  an  hour  in  a  liquid  prepared  by  boiling 
half  a  pound  of  turmeric  in  a  gallon  of  water,  until  it  be  reduced  to  three  quarts, 
and  afterwards  plunge  the  coloured  substance  into  alum  water.  Green, — The 
dye  bath  for  this  colour  is  best  made  of  a  solution  of  verdigris  in  aqua  fortis; 
the  process,  in  other  respects,  may  be  the  same  as  that  described  for  yellow. 
Blue, — Dip  the  ivory  that  has  been  made  green  into  a  hot  and  strong  solution 
of  pearl  ashes,  which  will  turn  it  to  a  fine  blue.  Purple. — Dissolve  one  ounce 
of  sal-anunoniac  in  four  ounces  of  aqua  regia,  to  form  the  dye :  prepare  the 
ivory,  as  in  the  yellow,  by  boiling  it  in  a  solution  of  alum.  Ivory  may  be 
eihered  by  immersing  a  slip  of  ivory  in  a  weak  solution  of  nitrate  of  silver,  and 
letting  it  remain  till  the  solution  has  given  to  it  a  deep  yellow  colour ;  then 
take  It  out,  and  immerse  it  in  a  glass  vessel  of  clear  water,  and  thus  expose  it, 
in  water,  to  the  rays  of  the  sun :  in  about  three  hours  the  ivory  acquires  a 
black  coloiu*,  but  the  black  surface,  on  being  rubbed,  soon  becomes  changed  to 
a  brilliant  silver. 

IVORY  PAPER.  The  properties  which  render  ivory  so  desirable  a  subject 
for  the  miniature  painter  and  other  artists,  are  the  evenness  and  fineness  of  its 
grain,  its  allowing  all  water  colours  laid  on  its  surface  to  be  washed  out  with  a 
soft  wet  brush,  and  the  facility  with  which  the  artist  may  scrape  off  the  colour 
from  any  particular  part  by  means  of  the  point  of  a  knife  or  other  convenient 
instrument,  and  thus  heighten  and  add  brilliancy  to  the  lights  in  his  painting 
more  expeditiously  and  efficaciously  than  can  be  done  in  any  other  way.  The 
objections  to  ivoir  are — its  high  price,  the  impossibility  of  obtaining  plates  ex- 
ceeding very  moderate  dimensions,  and  the  coarseness  of  grain  in  the  larger  of 
these ;  its  liability,  when  thin,  to  warp  by  changes  of  Uie  weather,  and  its 


dw  better  hdd  of  the  article  to  be  elevated  i  and  from  Ibe  lower  «nd,  two  pnngi  ^ 
pngect  UleraUy  through  •  longitudinal  groove  in  Uie  cue,  which  are  lued  upon  1 
oeeadona  whoi  there  u  Dot  room  to  introduce  the  jack  beneath  the  load.  To  ] 
prerent  the  labouren  being  overpowered,  there  i»  a  ratchet-wheel  and  pall  «m  | 
the  axil  of  tiie  pinioib  j 

JACK  (Kitchen).'  A  machine  in  which  the  deieent  of  a  weight  i*  made  to  ; 
turn  a  ipit  The  ordinary  coMtructiou  it  repreeented  in  the  annexed  iketcb, 
which  may  be  briefly  deacribed  at  fol- 
low) : — a  a  a  barrel,  roand  which  ii 
eoiled  a  line  of  conriderable  length ; 
the  other  end  of  thit  line  it  reeved 
through  two  threefold  or  fourfold  ^1* 
leys,  a  b  and  e.  generally  placed  egainit 
the  outiide  of  the  houae,  and  at  a  conti- 
derable  heifhl,  lo  at  to  allow  the  greater 
range  for  &e  weight  d  attached  to  the 
lower  block  c  to  act  in.  Upon  the 
tpindle  of  the  barrel  it  fixed  a  pulley 
r,  and  a  timilar  one  it  alto  fitted  to 
the  tpit^,  and  round  thete  two  pulley* 
patte*  an  endleti  chain.  The  weight  d 
being  mffiinent  to  overcome  the  friction 
of  the  machine,  deicendt  slowly,  and  un- 
coils the  line  by  turning  the  barrel  round,  which  causet  the  ipit  likewise  to  revolve, 
1*0  render  the  motion  equal,  and  to  prevent  the  jerkt  wiiich  would  ariie  in  the 
caie  of  the  meat  being  unequally  tpitted,  to  ai  to  act  with  more  force  on  onB 
tide  of  the  ipit  than  on  the  other,  a  wheel  of  About  forty  teeth  it  placed  on  tho 
axit  of  tlie  barrel,  and  norki  into  a  double  threaded  icrew,  placed  upon  tho 
tpindle  of  the  horizonlal  fly,  which  ihui  performt  a  revolution  for  every  two 
teeth  of  the  wheel,  or  twenty  revolutioni  for  one  of  the  ban-el  a,  and  by  thit 
great  velocity  prevents  any  alteration  in  the  motion  of  the  barrel.  When  the 
weight  hat  descended  through  its  range,  it  ii  wound  up  by  a  handle  which  can 
be  fixed  on  a  square  end  of  the  barret  epindle.  The  Chinese  crane  would,  per- 
haps, be  found  a  superior  atratigement  to  the  treble  or  fourfold  blocks,  as  tho 
friction  is  considerably  lest. 

JACK  (Shoee).  Another  contrivance  for  the  tame  purpose  at  the  former, 
but  acting  not  by  a  weight,  but  by  means  of  the  smoke  or  rarefied  air  passing 
up  the  chimney,  which  striking  against  a  set  of  oblique  vanes,  Hxri  to  a  ver- 
tical soindle.  causes  it  to  revolve  with  great  rapidity.  Upon  the  spindle  is  fixed 
a  small  bevilled  wheel  working  into  another  small  wheel  placed  upon  a  horizon- 
tal aiis,  which  has  a  screw  out  upon  the  other  end  of  it ;  this  screw  irorkt 
into  a  wheel  on  the  aiia  of  the  pulley  that  drives  the  soil  :  (be  latter  is  thui 
carried  ilowly  round.  The  vanes  should  be  placed  in  the  narrow  part  of  the 
chimney,  where  the  motion  of  the  smoke  it  swifiest,  and  should  occupy  nearly 
the  whole  space,  so  as  to  intercept  the  greatest  part  of  the  current. 

JACK  IN  THE  BOX.  A  large  wooden  solid  screw,  turning  in  a  hollow  one 
which  forms  the  upper  port  of  a  strong  wooden  box,  shaped  like  the  Ihistrum  of 
a  pyramid  :  it  it  used  by  means  of  levers,  pataing  through  holes  in  it,  ai  a 
press  in  packinf!.  and  for  other  purposes. 

JAMB-POSTS.  The  tide  posts  of  doors.  Mr.  T.  N.  Parker 
having  noticed  how  rapidly  the  lower  ends  of  door-posta 
decayed  where  they  are  exposed  to  wet,  contrived  a  cast-iron 
socket  for  them,  which  is  much  used  in  Sliropshire,  and  might 
be  generally  introduced  with  advantage.  The  sketch  in  the 
subjoined  cut  representt  one  of  them  beautifully  catt  by  the 
ColebrooV-Dale  Company;  the  weight  of  (hem  ii  only  Tibs, 
the  pair,  and  they  are  retailed  in  Oswestry  at  i^d.  the  pound. 
When  the  increased  durability  and  strength  confened  by 
these  metal  sockets,  to  an  important  part  of  a  building,  is  considered,  tbMt 
trifling  cott  will  not,  we  think,  fiwm  au  impedimenl  to  their  employment 


8  *     JAPANNING. 

japanning  of  which  the  primine  has  heen  used,  with  thoM  In  which  it  hat  beco 
•mitted;  the  latter  neVer  ped  or  crack,  or  suffer  damage,  unless  by  great 
violence,  and  such  a  contiuual  rubbing  as  wastes  away  the  sulMtanee  of  the 
varnish,  while  the  japan  coats  of  the  tormer  crack  and  fly  off  in  flakes,  when- 
ever any  knock  or  fall,  especially  at  the  edges,  exposes  Uiem  to  injury.  The 
Birmingham  manufacturers  who  originally  practised  the  japanning  only  on 
metals,  to  which  the  reason  before  stated  for  tne  use  of  priming  did  not  apply, 
and  who  took  up  this  art  of  themselves,  as  a  new  thing,  of  course  omitted  at 
first  the  use  of  any  such  undercoat,  and  not  finding  it  more  necessaiy  in  the 
instance  of  papier  machi  and  some  other  things,  than  on  metals,  contmue  still 
to  reject  it ;  on  which  account  the  boxes  and  other  articles  of  their  manufac- 
ture are,  with  regard  to  the  wear,  much  better  than  those  on  which  the  priming 
is  still  used. 

Having  thus  noticed  the  method  originally  practised,  and  the  chief  variation 
in  the  method  now  employed,  we  shall  pass  on  to  the  manner  of  proceeding 
with  the  work  to  be  japanned ;  the  first  in  order  will  be  the — 

Priming, — ^The  priming  b  a  composition  of  strong  size  and  whiting.  The 
size  should  be  of  a  consistency  between  the  common  double  size  and  glue,  and 
mixed  with  as  much  whiting  as  will  give  it  a  good  body,  so  as  to  hide  the  sur- 
face of  whatever  it  is  laid  upon.  But  when  the  work  is  of  a  more  particular 
kind,  it  is  better  to  employ  the  glover's  or  the  parchment  size,  instead  of  the 
common,  and  if  about  a  fourth  of  isinglass  be  added  it  will  be  still  better,  and 
if  not  laid  on  too  thick,  will  be  much  less  liable  to  peel  or  crack.  The  work 
should  be  prepared  for  this  priming  by  being  well  cleaned,  and  brushed  over 
with  hot  size,  diluted  with  two-thirds  of  water,  provided  it  be  of  common 
strength ;  the  priming  should  then  be  laid  on  with  a  brush  as  evenly  as  pos- 
sible, and  left  to  dry.  If  the  surface  be  tolerably  even  on  which  the  priming  is 
used,  two  coats  of  it  laid  on  in  this  manner  will  be  sufficient ;  but  if  on  trial 
with  a  wet  rag  or  sponge  it  will  not  receive  a  proper  water  polish  on  account  of 
any  inequalities  not  sufficiently  ffiled  up,  one  or  more  coats  must  be  given  it. 
Previous  to  the  last  coat  bein?  laid  on,  the  work  should  be  smoothed  by  rubbing 
it  with  the  Dutch  rushes,  or  nne  glass  paper.  When  the  last  coat  is  dry,  the 
water  polish  should  be  given,  by  passing  over  every  part  of  it  with  a  fine  rag 
or  sponge  moistened,  till  the  whole  appear  perfectly  plain  and  even;  the 
primmg  will  then  be  completed,  and  the  work  ready  to  receive  the  japan 

g'ound,  or  coloured  varnish.  But  when  wood  or  leather  is  to  be  japanned,  the 
tter  being  first  securely  stretched  on  a  firame  or  board,  and  no  priming  is 
used,  the  best  preparation  is  to  lay  on  two  or  three  coats  of  coarse  varnish, 
prepared  in  the  following  manner:  "  Take  of  rectified  spirits  of  wine  one  piAt^ 
and  of  coarse  seed-lac  and  resin,  each  two  ounces.  Dissolve  the  seed-lac  and 
resin  in  the  spirit,  and  then  strain  off  the  varnish."  This  varnish,  like  all 
others  formed  of  spirits  of  wine,  must  be  laid  on  in  a  warm  place,  and  aU 
dampness  should  be  avoided ;  for  either  cold  or  moisture  chills  it,  and  thus 
prevents  its  taking  proper  hold  of  the  substance  on  which  it  is  laid.  When  tho 
work  is  so  prepared,  or  by  the  priming  with  the  composition  of  size  and  whiting 
before  described,  the  proper  japan  ground  must  be  laid  on. 

Japan  Qroundt, — The  proper  japan  rounds  are  either  such  as  are  formed  by 
the  varnish  and  colour,  where  the  whole  is  to  remain  of  one  simple  colour,  or 
by  the  varnish  with  or  without  colour,  on  which  some  painting  or  other  deco- 
ration is  afterwards  to  be  laidb  This  ground  is  best  formed  of  shell-lac  var- 
nish, and  the  colour  desired ;  except  in  the  case  of  white,  which  requires  a 
peculiar  treatment,  as  we  shall  presently  explain,  or  when  great  brightness  is 
required,  in  which  case  also  other  means  must  be  pursued.  The  following  is 
the  composition  and  manner  of  preparing  the  shell-lac  varnish : — "  Take  of  tho 
best  shell-lac,  five  ounces ;  break  it  into  a  very  coarse  powder,  and  put  it  into 
a  bottle  that  will  hold  about  three  pints  or  two  quarts;  add  to  it  one  ^uart  of 
rectified  ^irits  of  wine,  and  place  the  bottle  in  a  gentle  heat,  where  it  must 
continne  two  or  three  days,  but  should  be  frequency  well  shaken.  The  gum 
will  then  be  dissolved,  and  the  solution  should  be  filtered  through  a  flannel 
b«g ;  and  when  what  will  pan  through  freely  is  come  ofi(  it  should  be  put  into 
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that  it  can  be  applied,  ihort  of  what  would  burn  or  calcine  the  matter,  f  enda  to 
give  it  a  more  mrm  and  strong  texture.  Where  metals  form  the  body,  therefore, 
a  Tery  hot  stove  may  be  use^  and  the  work  may  be  continued  in  it  a  consider- 
able time,  especially  if  the  heat  be  gradually  increased ;  but  where  wood,  or 
papUr  ffiaehi  is  in  question,  heat  must  be  sparine]^  used. 

JIB.  The  projecting  frame  of  a  crane,  to  which  the  weight  or  goods  are 
suspended;  the  term  is  a  corruption  of  gibbet,  evidenced  by  the  simQaritj  of 
structure.    Jib  is  ^so  the  name  of  the  roremost  sail  of  a  ship. 

JIB-BOOM  is  a  continuation  of  the  bowspit  forward,  being  run  out  from  its 
extremity  in  a  similar  manner  to  a  top-mast  on  a  lower  masL  There  is  also 
the  flykia  jib-boom,  which  is  a  boom  extendmg  beyond  the  preceding,  by 
passing  through  two  boom-irons  fixed  to  the  same. 

JIGGERu  A  machine  consisting  of  a  piece  of  rope  about  five  feet  long^ 
with  a  block  at  one  end,  and  a  sheave  at  tne  other,  used  to  hold  on  the  cab£» 
when  it  is  heaved  into  the  ship  bv  the  revolution  of  the  windlass.  This  is  done 
by  passing  the  tail  round  the  cable  near  the  windlass,  and  the  hind  part  of  the 
rope,  coming  over  the  sheave,  is  stretched  aft  by  means  of  another  rope  passing 
round  the  ji^er  block. 

JUNK.  Remnants  or  pieces  of  old  cable,  which  are  usually  cut  into  small 
pieces  for  makine  mats,  gaskets,  &c 

JURY-MAS'T  A  temporary  mast  erected  in  a  ship  in  the  place  of  the 
proper  one. 


K. 

KALEIDOSCOPE.  An  instrument  for  creating  and  exhibiting  an  infinite 
rariety  of  beautiful  forms,  pleasing  the  eye  by  an  ever-var3ring  succession  of 
sfJendid  tints  and  sjrmmetrical  figures,  and  enabling  the  observer  to  render 
permanent  such  as  may  appear  appropriate  for  any  branch  of  the  ornamental 
arts.  This  instrument,  the  invention  of  Dr.  Brewster,  in  its  most  common 
form  consists  of  a  tin  tube,  containing  two  reflecting  surfaces,  inclined  to  each 
other  at  any  angle  which  is  an  aliquot  part  of  360o.  The  reflecting  surfacea 
may  be  two  plates  of  glass,  plain  or  quicksilvered,  or  two  metallic  surfaces^ 
from  which  the  light  suffers  total  reflection.  The  plates  should  vary  in  length, 
according  to  the  focal  distance  of  the  eye :  five,  six,  seven,  eight,  nine,  and 
ten  inches,  will,  in  general,  be  most  convenient ;  or  they  may  be  made  only 
one,  two,  three,  or  four  inches  long,  provided  distinct  vision  is  obtained  at  one 
end,  by  placing  at  the  other  an  eye-glass  whose  focal  length  is  equal  to  the 
length  of  the  reflecting  planes.  The  inclination  of  the  reflector  that  is  in 
general  most  pleasing  is  18o,  20o,  22|o  or  the  20th,  18th,  and  16th  part  of  a 
circle ;  but  the  planes  may  be  set  at  any  required  angle,  either  by  a  metallic,  a 
paper,  or  cloth  joint,  or  any  other  simple  contrivance.  When  tne  two  planes 
are  put  together,  with  their  straightest  and  smoothest  edge  in  contact,  they 
will  nave  the  form  of  a  book  opened  at  one  side.  When  the  instrument  is  thus 
constructed,  it  may  be  covered  up  either  with  paper  or  leather,  or  placed  in  a 
cylindrical  or  any  other  tube,  so  that  the  triangular  aperture  may  be  left  com- 
pletely open,  and  also  a  small  aperture  at  the  opposite  extremity  of  the  tube.  If 
the  eye  be  placed  at  the  aperture,  it  will  perceive  a  brilliant  circle  of  light,  divided 
into  as  many  sectors  as  tne  number  of  times  that  the  angle  of  the  reflectors  is 
contained  in  360^.  If  this  angle  be  18%  the  number  of  sectors  will  be  20 ;  and 
whatever  be  the  form  of  the  aperture,  the  luminous  space  seen  through  the 
instrument  will  be  a  figure  produced  by  the  arrangement  of  twenty  of  these 
apertures  round  the  joint  as  a  centre,  in  consequence  of  the  successive 
reflections  between  the  polished  surfaces.  Hence  it  follows  that  if  any  object, 
however  ugly  or  irregular  in  itself,  be  placed  before  the  aperture,  the  part  of  it 
that  can  be  seen  through  the  aperture  will  be  seen  also  in  every  sector,  and 
eveiy  image  of  the  object  will  coalesce  into  a  form  mathematically  symmetrical, 
and  nighly  pleasing  to  the  eye.  If  the  object  be  put  in  motion,  the  combinatioii 


14  REllMES-MINERAL. 

■on  predidy  in  the  aame  manner  as  in  the  making  of  hay,  beinff  ipread  and 
made  up  into  eocki  and  itacks,  so  as  to  keep  it  as  much  as  posaUe  from  tbo 
rain ;  care  is  likewise  taken  to  prevent  its  gettine  muddy ;  and  such  as  may 
collect  mud  in  dragging  it  up  the  beach,  is  wadied  in  the  waves  by  means  of 
pitch-forks  or  rakes.  Experience  has  determined  that  the  kilns  wr  btming 
vraic  should  not  exceed  about  3  feet  in  width  inside,  nor  more  than  2  fiect  6 
inches  high,  but  they  may  be  of  any  convenient  length ;  usually  they  are  aboot 
18  feet.  In  some  places  holes  are  dug  in  the  ground  to  form  the  kilns^  wUth 
are  lined  with  stone ;  but  in  these  all  the  vraic  is  rarely  completely  bamad,  and 
the  unbumed  portion  yields  no  alkali.  It  is  now  generally  deemed  prefeiaUe 
to  erect  the  kiln  on  a  firm  level  piece  of  ground,  of  such  rough  stones  as  oan 
be  easily  got  together,  and  without  mortar  or  cement,  but  the  windwaid  side  of 
the  kiln  is  generally  covered  up  with  turfs  on  the  outside,  and  if  the  wmd  be 
violent,  on  all  sides.  The  process  of  burning  is  commenced  by  isnitii^  seme 
furze  or  heath  in  the  kiln,  on  which  the  vraic  is  then  thrown  lightly  in  small 
quantities  at  a  time,  until  the  whole  body  of  the  kiln  is  fully  ignited.  The 
additions  are  then  continued  to  be  made  with  care,  by  only  throwing  on  small 
quantities  at  a  time,  where  a  red  hole  appears  in  the  mass ;  and  thus  the  iead- 
ine  is  continued  until  the  collection  of  vraic  is  expended ;  then  as«oan  as  red 
holes  appear,  the  less  ignited  oortion  is  stirred  into  them.  The  want  of  due 
attention  to  the  thorough  ana  uniform  burning  of  the  vraic^  causes  a  great 
deterioration  in  the  value  of  the  product.  Towards  the  close  of  the  burning, 
three  or  four  men  are  usually  employed  in  actively  raking  the  ashes  widi  the 
kelp-irons  until  the  whole  contents  of  the  kiln  become  a  semi-fluid  mass. 
Sometimes  a  portion  of  the  kelp  will  be  found  congealed  to  the  sides  of  the 
kiln ;  this  is  then  removed  and  worked  up  with  the  rest,  that  it  may  incorporate 
whilst  hot  If  after  the  raking  is  begun,  the  materials  still  continue  hard  and 
dnr,  they  are  allowed  to  bum  a  little  longer.  Sometimes  common  salt  and 
sal^tre'  are  added  to  the  ashes  to  increase  the  ignition  and  bring  the  ashes  to 
the  desired  semi-fluid  consistence ;  but  this  measure  is  seldom  found  necessary, 
except  when  the  vraic  has  been  wetted  by  rain  prior  to  burning.  When  a  new 
bummg  is  commenced,  the  remaining  uniused  ashes  from  the  previous  operation 
are  introduced  into  the  kiln  by  degrees  along  with  the  fresh  vraic,  but  not  until 
the  fire  has  become  fierce,  and  the  laigest  and  hardest  pieces  should  be  put  in  a 
row  along  the  centre  of  the  kiln.  The  kelp,  after  being  made,  should  be  care- 
fully preserved  from  moisture.  In  Scotland  the  kelp  makers  usually  break  the 
lumps  into  pieces  of  about  2  cwt.  each,  which  are  piled  into  conical  heaps,  covered 
with  dry  vraic,  and  over  all  a  layer  of  turf;  this  preserves  it  well  until  the  time  of 
shipment.  Kelp  is  esteemed  of  good  quality  when,  on  breaking  a  piece,  it  is 
hara,  solid,  ana  has  some  reddish  and  light  blue  shades  running  tnrough  it 
When  it  has  none  of  its  peculiar  salt  taste,  it  is  unfit  for  making  ley,  though  it 
mav  be  of  use  to  glass  makers. 

KERMES,  is  an  insect  found  in  many  parts  of  Asia  and  the  south  of  Europe 
On  account  of  their  figure  they  were  a  long  time  taken  for  the  seeds  of  the 
tree  on  which  they  feed,  whence  they  were  called  grains  of  kermes ;  thej 
also  bore  the  name  of  vermilion.  It  has  been  much  used  in  dyeing  worsted 
and  woollen  cloth  of  a  scarlet  colour,  though  the  preference  is  given  to  the 
scarlet  from  cochineal,  especially  since  the  Sacovery  of  the  mode  of  heighten* 
ing  its  tint  by  the  solution  of  tin. 

KERMES-MINERAL  is  usually  prepared  by  1  pound  of  common  antimony 
with  22(  lbs.  of  the  sub-carbonate  of  potash,  and  20  gallons  of  water  in  oa 
iron  pot,  filtering  the  liquor  whilst  hot  into  earthen  pans,  and  letting  it  cool 
slowly  for  24  hours,  the  kermes-mineral  is  deposited  in  the  form  of  a  powder  at 
a  deep  purple  brown  colour.  The  supernatant  liquid,  which  jdelds  an  orange 
coloured  sediment,  called  the  golden  sulphur  of  antimony,  is  much  used 
by  the  calico  printers  in  the  following  manner : — They  evaporate  and  crystalliie 
the  supernatant  liquor ;  the  crystals  are  then  dissolved  in  tresh  water,  and  with 
this  solution,  thickened  with  starch  or  gum,  the^  print  their  cloths;  the  cloths 
after  beinff  dried,  are  passed  through  a  weak  acid  liquor,  which  separates  the 
golden  sulphur  and  fixes  it  on  the  cloth.     M.  Fabroni  states  that  a  mueh  finer 
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column  resU.  The  lime-stone  is  raiaed  in  a  box  d,  or  other  proper  Kceptmcle. 
to  the  top  of  the  building,  bj  means  of  a  jib  and  crone  e,  or  other  tackle,  which 
is  fixed  at  the  back  of  the  tower,  together  with  a  platform  proieeting  beyond 
the  walls  for  affordlBg  gecuritv  and  convenience  for  "  landing  '  Ine  lime-ttone  ; 
when  raised  ai  represented,  the  jib  ii  atiung  round,  and  the  tuae-box  tilted,  by 
which  the  whole  contents  are  thrown  down  the  shaft.     The  coke  ovens,  of 


which  there  may  be  two,  or  a  greater  or  leaser  number,  according  to  the  mag- 
nitude of  the  works,  are  constructed  and  arranged  in  connexion  with  the  lime 
shaft  in  the  same  manner  as  the  two  represented  in  the  diagram  at//.  These 
ovens  are  supplied  with  coal  through  iron  doors  in  the  front  wall  (not  seen  in 
the  section) ;  the  doors  have  a  long  and  narrow  liorizonlal  opening  in  Ihe 
upper  part  of  them  to  admit  suSicietit  atmospheric  air  (o  cause  ihe  combnition 


tke  uul-iroti  Hug  eiitrouuctiiig  the  ueck  of  the  low^r  cone  :  from  Ihii  |rin; 
ptDcecd  fire  itaya,  as  al  I,  which  are  faatenixl  to  die  mitltUe  of  the  columni  of 
ft  nut  on  each  aide.  The  body  is  niitainedi.both  externally  and  iiitemnlly,  bj 
iron  hoops,  u  al  K,  and  the  lUitance  betneen  the  cylinders  it  preserved  by  a 
number  of  abort  itayi.  In  the  front  of  the  kiln  a  pauage  i>  cut  out,  as  at  O, 
in  which  is  lixed  the  fire-plare,  llirougb  wliich  are  passives  for  the  healed  air 
to  paM  iato  the  cylinder.     These  passages,  at  well  as  the  flues,  which  prooMd 


djcnitouily  (ram  ibc  fire  (<i  the  cbtmiiey.  ace  be&t  shown  to  the  harii»iMlal  Mc- 
tion.  Fig.  2;  and  io  the  vertical  section  of  the  detached  fire-place,  flp,  3,  Q  ia 
the  fire-hole,  S  the  ash-hole,  T  the  fire<bars,  and  U  the  chimnej',  which  posset 
up  nearly  in  the  middle  of  the  kiln.  The  wheat  is  admitted  into  the  kiln  from 
aboie  through  a  hopper  and  through  the  tube  W,  and  falling  upon  the  apel  of 
the  cone  is  distributed  eauallv  on  all  aides  between  the  cylinders,  the  little 
asperitieB  in  which,  not  only  slightly  retard  the  deli^eDt  of  the  grain,  but  like- 
wise impart  to  the  particles,  a  canslanl,  slow,  rolling  motion,  whereby  every 
individual  groin  is  exposed  to  the  same  degree  of  temperature ;  the  Stain 
from  thence  converges  into  the  lower  cone,  and  ultimately  escapea  through  tLe 
spout  at  bottom  into  sacks  or  on  to  the  ground  oi  maybe  required.  The  jiasaa^ 
of  the  grain  through  the  machine  may  be  either  acceletaled  or  retarded,  acoord- 
ing  to  its  peculiar  condition,  by  enlargiog  or  contracting  the  aperture  thruuan 
which  il  is  discharged.     The  moisture  is  carried  off  hy  evaporation  through  ina 

Erforalions  of  tlic  plates  with  great  rapidity.  The  kilns  may  of  course 
made  of  any  dimen^ons;  one  of  six  feet  internal  diameter,  and  twelve 
feel  in  length,  between  the  apexes  of  the  tippet  and  lower  cones,  has  been 
said  Io  be  capable  of  perfectly  drying  more  than  100  quarten  of  wheal  in 
24  hours. 

The  following  contrivance  for  drying  giun   hat  been  noticed  in  several 
French  papen,  and  announced  «  having  been  successfully  adopted  in  one  tt 


a  It  Bcquirei  consideiable  beat,  wliich  a  nibsequenlly  modnstcd  by 
ive  diffUiion  m  tbe  ur-trough  f,  before  it  paues  tbrougb  ihe  meihei 


the  tnbei  a  _ 

,  »  tbrougb  I 
of  ths  endlcBi  cloth  h  above,  carrying  with  it  ibe'  moisture  Troni  the  gmln 
depoited  thereon.  The  course  taken  oy  the  endloa  clotb  ia  Bhoon  by  arrt 
in  the  ligurc;  upon  iti  arriving  at  the  dnim  k,  the  other  endless  cloth  n 
comes  in  contact  viih 
round  the  laid  drum  k,  ilie  c" 
is  thui  carrii'd  i>p  an  inclined  plane  over  the  drum  i,  where  th«  cloths  separate, 
and  discharge  the  grain  back  again  into  the  hopper  i,  to  undergo  a  repetition 
of  the  operation,  ihaiild  it  nut  be  perfectly  dry.  But  when  the  grain  ie  thorouchly 
dried,  instead  of  allowing  it  to  fall  back  into  the  hopper,  a  shoot,  or  the  utna 
of  a  creeper,  (not  shown  in  the  drawing,)  is  brought  under  the  roller  t,  which 
copducta  It  to  the  requiipd  place.  A  very  tittle  eiperience  in  the  working  ^ 
Ihii  apparatus  enables  a  person  so  to  regulate  its  operations  as  to  complete 
the  drying  of  damp  grain  by  a  tingle  passage  through  it;  such  as  varying  the 
velocity  of  the  air>forcer,  the  quantity  of  nicl  in  the  stoTe,  the  supply  of  toe 
through  the  asb-pit,  the  speed  of  the  endless  cloth,  &c.  the  means  of  dting 
which  arc  ao  well  understood  by  mechanics  bj  to  render  a  description  of  them 
unnecessary  in  this  place. 

KITE.  A  Gctilioiis  bird,  made  of  paper.  This  well-known  juveriile  play- 
thing has  been  of  late  years  applied  to  several  objects  of  utility :  liie  fore- 
most of  these,  and  the  most  paramount  in  importance,  is  tlie  inrenllon  of 
Captain  Dansey.  for  effecting  a  communication  between  a  stranded  sliip  and 
the  shore,  or,  under  other  circumstances,  where  badness  of  weather  reoden 
the  ordinary  means  impracticable.  The  following  is  an  abbreviated  deicriptioa 
oT  the  invention,  exirarled  from  the  fbrty-lirst  volume  of  the  Tramactiont  ef 
the  Soeiety  of  Arti,  whtre  the  subject  is  given  more  in  detaJ,  wilh  engraved 
illuitrations : — A  sail  of  Yi^ht  canvas  or  holland  is  cut  to  the  shape,  and  adapted 
for  the  application  of  the  principles  of  the  common  flying  kite,  and  is  launched 
fimn  the  vcwel  or  other  point  to  windward  of  the  space  over  which  a  commit 
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nlUr  preventing  the  dougli  from  pasaiug  bv  il.     Being  thtu  all  forced  into  it 
df  the  compartments,  the  motion  of  the  roller  is  reveiBed  hy  turning  the  wiH 
the  contrary  way,  which  then  forces  the  dougli  back  again  through  the  ni 
space  under  the  roller  into  the  fir<t  compartment ;  in  this  manner  the  wo 
of  the  dough,  alternately  from  one  compartment  to  the  other,  is  continued  d 
completed. 

2.  Another  plan  mat  to  make  the  trough  containing  the  dough  revolve  » 
a  number  of  heavy  balli  within  it.  The  trough  in  this  caxe  is  made  in  the  Ioh 
of  B  parallelopipedon,  the  ends  being  square,  and  each  of  the  sides  a  panlll 
fram,  whose  lenfftb  and  breadth  arc  to  each  other  as  6ve  lo  one.  One  ndi 
the  trough  constitules  a  lid,  which  is  removed  lo  introduce  the  flour  and  wg 
and  tbe  trough  is  divided  into  as  many  cells  ai  there  are  balls  introduced.  ' 
patentee  states,  that  by.ihe  rotatioD  of  the  trQugh  the  bails  and  dough  ■ 
elevated  together,  and  by  their  falling  down  the  dough  will  be  subjae 
beating,  similar  to  the  operations  of  the  baker's  hands. 

3.  Instead  of  empbymg  a  revolving  cvKnder,  it  ia  filed,  an  agitator  it 
to  revolve,  having  a  aeries  of  linga  ai^ukily  attached  to  an  axi>,  exlendiogfl 
whole  length  of  tbe  trough. 

4.  Mr.  Clayton,  a  baker  of  Nottingham,  had  a  patent  in  1830  for  a 
somewhat  similar  to  the  last  mentioned,  inasmuch  as  a  set  of  revolving 
ton  are  employed  to  produce  the  kneading  action ;  the  ogilators  are  ic 
dinal  bars,  fixed  to  arms,  which  radiate  from  tbe  axfi,  and  they  are 
through  the  dough  in  their  revolution  ;  but  the  cylinder  in  which  they  n 
and  which  contains  the  materials,  is  made  to  revolve  at  the  same  time  ii 
contrarv  direction ;  the  motion  of  tbe  latter  being  imparted  by  a  ihoit  hollow 
axis,  while  tbe  axis  of  the  former  i>  solid  and  passed  through  the  hollow  one. 
The  solid  axis,  which  is  turned  hy  a  winch,  has  on  il  a  bevelled  pinion,  whlcli, 
by  means  of  an  intcmiediute  bevelled  wheel,  actuates  another  bevelled  pinion 
fixed  on  the  hollow  axis,  and  therefore  causes  it  lo  revolve  in  the  oppotite 
direction.  These  two  simultiuieoua  and  contrary  motions  constitute  the  novelly 
claimed  by  the  patcutce,  who  itala,  that  dough-making  machbei,  similar  to  hia 
own,  have  all  failed  for  want  a(  such  an  arjangement.  This  statement,  coming 
finm  a  baker,  commands  attention  ;  hut  we  cannot  concur  in  its  truth,  lince  we 
know  that  tbe  following  plan  of  u  kneading  machine  works  well  without  oppo- 
site simultaneous  motions,  and  without  any  agitators  or  beaten,  which  ahsorb  a 
great  deal  of  power  without  producing  an  adequate  eifect.  

5.  Hebert't  Patent  Kneading  MacAuie. — In  this  a  cylinder  of  from  4 
in  diameter,  and  only  ahout  IS  inches  wide  inside,  is  made  lo  revolve 
axis,  which  is  fixed  by  a  pin  during  the  revolution  of  the  cylinder.    The 
admitted  by  a  door  in  the  periphery,  which  closes  air  and  water-tigbl ;  i 
water  or  liquor  passes  through  a  longitudinal  perforation  in  the  axis,  and 
through  small  holes  amongst  the  flour,  in  quantities  which  are  regulated 
nally  by  a  cock.     By  the  rotation  of  tbe  cylinder  the  dough  is  made  to ' 
tinuallj  ascending  on  one  aide  of  it,  whence  it  falls  over  upon  the 
below.     When  the  mixture  becomes  pretty  intimate  and  luiiform,  its  a 
property  causes  it  to  stick  lo  the  sides  of  tbe  cylinder,  and  the  dough 
then  be  carried  round  without  much  advancing  the  process,  were  it  [ 
uiotiier  simple  conlrivance  ;  this  is  a  knife-edge  or  scraper,  18  inche* 
which  is  fixed  along  the  top  of  the  cylinder  in  the  inside,  so  as  barely  to 
its  surface;  the  knife  is  hzed  to  two  flat  arms  extending  from  the  axis, 
these  arms  have  sharp  edges  so  as  to  scrape  the  sides  of  the  cylinder;  thus 
cylinder  is  kept  constantly  clean  from  tbe  sticking  of  the  dough,  which,  ai 
OS  it  ascends  to  tbe  top  of  tbe  cylinder  (If  it  does  not  tear  away  of  *'    * 
shaved  off  by  the  knife,  and  falls  down  with  great  force  upon  the  '    " 
as  this  eScct  is  constant  during  tbe  motion  of  the  cylinder,  it  mus 
that  the  process  of  kneading  is  soon  completed  by  it.     When  that 
door  of  the  cylinder  is  opened,  and  the  contents  discharged  intf 
beneath ;  at  which  time  the  scraper  is  caused,  hy  a  winch  on  the 
one  revolution  of  tbe  now  fixed  cylinder,  which  clears  olf  any  adhering 
and  project!  it  through  ihe  door-way.     Ai  tbe  dough  in  this  machine 
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KNlFE-SHAnPENER. 


■  tfaivk,  flat 


their  manufacture  has  been  introduced.     Tlie  tang,  shoulder,  a 

piece,  cnlied  tlie  blade,  aie  forged,  and  the  blade  is  iheo  submitted  to 

qf  a  pair  of  diea,  contained  in  a  powerful  fly  or  slamping-pren ;  the  dies  bemg 

so  formed  as  lo  force  or  cut  out  (ho  superfluous  portion  of  the  meltd  and  raise 

the  curved  swelled  portions  at  the  jiinclion  of  the  prongs,  termed  llie  boaoin- 

The  forkt  after  this  operation  are  filed  up.  ground,  glazed,  and  burnished,  when 

th^  lire  ready  for  bulling,  which  is  a  distiact  business. 

The  insttunients  required  for  hafiinp  knivea  and  forks  are  few  and  simple. 
The  priiidpnl  are,  a  small  poUihlng  wheel  and  treddle,  mounted  upon  a  stand, 
a  bench  vice,  and  a  kind  of  band  vice  to  fix  in  the  bench  vice,  termed  a  snap- 
dragon ;  it  has  a  pair  of  long  projecting  jovs,  adapted  to  hold  a  piece  of  metal 
or  other  lubEtance,  with  the  flat  wJe  uppetraost,  in  order  to  be  filed  or  otber- 
-wise  worked ;  a  few  filet,  drills,  drlll'box,  and  breast-plate,  bumbhers  and 
buffs,  emery,  rotten  stone,  &c.  The  Bubstances  used  for  covering  the  handle* 
are  almost  infinite;  the  chief  are  bone,  horn,  ivory,  lorioiseihell,  and  wood  of 
every  kind.  The  several  piecesof  the  handle  being  filed  lo  the  shape  intended, 
holes  are  drilled  through  them  for  the  pins  by  which  Ihej  are  afterwards  rivetted 
together.  Tile  pinning  is  ut  first  loosely  dune ;  until  the  bludes,  springs,  and  all 
the  parti  are  well  adjusted  and  fit  closely,  they  are  then  firmly  rivetted  tt^elher. 
'J'he  handles  are  ailerwardi  scraped  and  then  polished,  by  means  of  buffings 
on  the  wheel. 

KNIFE-SHARPENERS.  Tbia  term  has  been  given  to  a  varie^of  con- 
venient modern  inatniments.  especially  adapted  to  the  sharpening  of  knlTe*  at 
table,  but  particularly  carvers,  and  are  intended  ai  substitutes  for  the  common 
ateel.  For  these  instruments  several  patents  have  been  obtained,  and  s  conu- 
derable  manufacture  of  them  has  been  eilabllshed. 

FiUon't  Patent  Shnrpener,  without  Its  usual  accompanying  ornamenta,  b 
represented  in  the  annexed 
cut;  it  consiits  of  two  hori- 
loutal  rollers,  placed  parallel 
to  each  other,  which  revolve 
freely  upon  their  anes,  (re- 
presented by  the  two  black 
dots;}  Bl  uniform  distances, 
tliere  are  fixed  upon  each 
roller,  narrow  cylinders  or 
rings  of  hard  steel,  the  edges 
of  which  are  cut  Into  fine 
teeth,  and  thus  form  circular 
files ;  the  edges  of  the  files  in  the  opporite  rollers  overlap  each  other  a  litlla,  m 
that  when  a  knife  is  diann  longitudinally  between  tliem,  the  edge  of  the  knfth 


IS  acted 


1  both  of  it 


sides  at  o 


The  rollers  turn  round  with  tho 

slightest  impulse,  consequently,  they  wear  uniformly,  nod  will  last  a  considerable 
lime,  A  good  edge  ii  given  to  a  knife  by  just  drawing  it  from  heel  to  point 
two  or  three  times  between  the  rollers;  and  thus  obviates  the  necessity  of  imi- 
latinp  the  skill  exercised  by  a  butcher  upon  his  steel. 

Hnlb/t  Kvife-tharpener,  which  was  patented  in  IS28,  is  a  very  pretty  and 
ingenious  mstniment;  an  immense  quantity  of  them  have  been  sold,  and  it  U 
said,  have  been  ttie  means  of  greatly  enricliing  the  proprietor  of  the  patent 
In  the  engraving  on  the  next  page.  Fig.  1  exhibits  an  end  elevation  of  the  m- 
Etrument,  and  ^g.  2  a  side  elevation  of  the  bars,  with  a  section  of  the  boxea  a 
and  ^  to  show  the  interior.  The  same  letters  iu  each  figure  have  refereneo  to 
similar  narts ;  a  is  a  small  oblong  box,  surmounted  by  a  smaller  box  b  ;  in  ths 
toji  of  the  latter  there  is  a  slit  made  throughout  its  length,  and  of  sufficient 
width  to  receive  the  square  steel  bnrsec.  The  box  a  has  two  similar  slitt. 
The  surfaces  of  the  bar*  are  draw-filed,  they  pom  through  the  slit  in  b,  and 
alternately  through  both  slits  in  a,  so  as  to  cross  each  other,  as  shown  in  Fig.  1. 
The  lower  ends  of  thess  ban  ore  supported  upon  a  plate  of  metal  d,  which  can 
be  elevated,  so  as  to  a  bring  a  dilfeient  portion  of  the  bars  into  opetMJon,  ly 
means  of  the  acxew  undetueath ;  //  are  two  screws  passing  tbougb  tb*  bolM 
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lengUiwayi  betwccD  the  two  roldi  of  lealher.  This  last  cotitrivunee  ^om  not 
appear  to  us  to  be  scientifically  adapted  to  the  object  in  view,  as  the  pnaiure 
of  the  edge  of  the  initrumeDt  upon  a  strap  of  leather  only  supported  at  ils 
extremilies,  must  produce  a  tendency  in  the  leather  to  wrap  round  the  acute 
angle  of  the  edge  of  the  inatrument,  and  render  it  obtuse. 


LABORATORY.  A  place  fitted  up  and  supplied  with  the  neceiRtrr 
apparatus  for  chemical  operations.  LsboratoHes  for  conducting  chemical 
processes  on  a  Urge  mnnuracturing  scale  will  of  course  vary  in  their  arrange- 
ments according  to  the  main  o)ijecl  for  which  tliey  aie  designed.  For  expeti- 
menlal  and  general  piicpoeea  a  laboratory  ia  more  advantugcously  placed 
above  than  belnw  ground,  ibnl  it  may  be  as  dry  as  pouible ;  the  arr  must 
liBve  free  access  to  it ;  and  it  must  even  be  so  constructed  that,  by  means  of 
opposite  openings,  a  current  of  air  may  be  admitted  to  carry  i^  noxious 
vapours.  A  chimney  ought  to  be  conitnicied  so  high  that  n  petion  maj 
easily  stand  under  it,  and  extending  the  length  of  one  of  the  side  walla. 
The  chimney  should  be  liigh,  and  sufficiently  contracted  to  make  a  good 
draught.  When  charcoal  is  the  only  furl  to  be  employed  no  soot  wifi  be 
deposited,  and  therefore  it  need  not  be  so  wide  as  to  allow  a  cliimney-s weeper 
to  pass  up  it.  Under  this  chimney  may  be  constnicled  some  brick  furnaces, 
particularly  a  melting  fiiruace,  a  furnace  for  diitilliog  with  an  alembic,  and 
one  or  two  ovens  like  those  in  kitchens.  The  rest  of  the  space  ought  to  b« 
tilled  up  with  stands  of  different  heights,  from  a  foot  to  a  foot  and  a  half,  on 
which  portable  furnaces  of  all  kinds  uie  to  be  placed.  These  furnaces  ore  the 
most  convenient,  from  the  focUily  of  disposing  of  them  at  pleasure;  and  they 
are  the  only  furnaces  which  are  necessary  iu  a  small  laboratory.  A  double 
pair  of  bellows  of  moderate  size  must  also  be  placed  as  commodiauily  a* 
poBiible  under  or  near  to  ibn  chimney,  and  having  a  pipe  directed  towards  the 
hearth  where  the  foige  is  to  be  placed.  The  necessary  furnaces  are  the  simple 
tuinace,  fur  distilling  with  an  alembic,  a  lamp  furnace,  two  reverberatory 
furnaces  of  different  sixes  for  distilling  with  retorts;  an  air  or  melting fumsca, 
an  assay  furnace,  and  a  forge  furnace.  Under  the  chimney,  at  a  convenient 
height,  should  be  a  row  of  hooks  driven  into  Ibe  hack  and  aide  walls,  i^mhi 
which  arc  to  be  huns  small  sliovels,  iron  pans,  tongs,  pincers,  pokcra,  and 
various  utensils  for  disposing  the  fuel  and  managing  the  crucibles.  To  ihe 
walls  of  the  laboratory  should  be  fixed,  or  suspended,  rows  of  shelves,  of 
different  breadths  and  heights,  for  containing  bottles  and  glass  vessels,  which 
should  be  as  numerous  as  is  possible,  that  the  products  of  operations  may  be  con- 
veniently retained.  The  most  convenient  place  for  a  stone  or  leaden  cistern  to 
eonUtin  water,  ii  a  comer  of  the  laboratory,  and  under  it  a  sink  ought  to  be 
placed,  with  a  pipe  by  which  the  water  poured  into  it  may  discharge  iCsetC  Aa 
the  vessels  ate  always  cleaned  under  this  eislem,  cloths  and  bottle -brush  ee 
ought  to  be  hune  upon  hooks  fastened  in  the  walls  near  it.  In  the  middle  of 
the  laboratory  a  large  table  is  lo  be  placed,  on  which  mixtures  are  to  he  made, 
preparations  for  operations,  solutions,  precipitations,  small  hltrations ;  in  short, 
whatever  does  not  require  fire,  excepting  that  from  a  lamp.  In  convenient 
part)  of  the  laboraton'  are  to  be  placeii  blocks  of  wood  upon  mats,  one  of  which 
■3  to  support  a  middle-sized  iron  mortar,  another  a  support  for  a  middle-sited 
marble,  or  hard  stone  mortar,  and  a  third  for  on  anvil.  Near  lo  the  mortan 
are  to  be  hung  tievesofdiSercnl  fineness  and  sizes;  and  near  to  the  anvil,  files, 
roapi.  pincers,  shears,  and  other  convenient  utensils  for  working  metals,  or  giving 
them  proper  forms  for  the  several  operations  ;  two  movable  trestles,  to  support 
a  large  filter  or  other  apparatus,  that  they  may  he  disposed  of  conveniently.  On 
account  of  the  dust  from  charcoal,  the  stock  of  this  article  bad  better  be  pUced 
contiguous,  hut  not  inside  the  laboratory;  also  some  dried  furze  or  other  quick 
burning  fuel.  In  the  someplace  may  be  put  bulky  articles,  bricks,  tiles,  clay,  lime, 
•and,  and  many  other  thiugs  useful  iu  Ghemi.^1  operations.  A  small,  solid  table, 
for  B  levigating  stone  and  muller ;  small  mortars,  of  iron,  gloss,  agate,  and 
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The  lac  obtained  in  the  foregoing  process  is  to  be  dissolved  in  ft  pint  of  alcohol. 
niore  or  less,  according  to  the  required  strength  of  the  varnish ;  and  after 
standing  for  some  time  m  a  gentle  heat,  the  clear  liquor,  which  is  the  vamiahf 
is  to  be  poured  off  from  the  sediment 

Mr.  Lunine:  s  process  is  as  follows : — Dissolve  five  ounces  of  shell-lac  in  a 
quart  of  rectified  spirits  of  wine ;  boil  for  a  few  minutes,  with  ten  ounces  of 
well-burnt  and  recently  heated  animal  charcoal,  when  a  small  quantity  of  the 
solution  should  be  drawn  off  and  filtered ;  if  not  colourless,  a  litue  more  char- 
coal  must  be  added.  When  all  colour  is  removed,  press  the  liquor  through 
silk,  as  linen  absorbs  more  varnish,  and  afterwards  filter  it  through  fine  blotting- 
paper.  In  cases  where  the  wax  found  combined  with  the  lac  is  objectionable, 
filter  cold ;  if  the  wax  be  not  injurious,  filter  while  hot  This  kind  of 
varnish  should  be  used  in  -a  temperature  of  not  less  than  60**  Fahr.;  i 
dries  in  a  few  minutes,  and  is  not  afterwards  liable  to  chill  or  bloom ;  it  ia 
therefore  particularly  applicable  to  drawings  and  prints  which  have  been  aised, 
and  may  be  advantageously  used  upon  oil  paintings  which  have  been  painted 
a  sufficient  time,  as  it  bears  out  colour  with  the  purest  effect  This  quality 
prevents  it  from  obscurinir  gilding,  and  renders  it  a  valuable  leather  varnish  to 
the  book-binder,  to  whose  lie  it  has  already  been  applied  with  happy  effect, 
as  it  does  not  yield  to  the  warmth  of  the  hand,  and  resists  damps,  which  subject 
bindings  to  mildew.  Its  useful  applications  are  very  numerous,  indeed,  to  all 
the  purposes  of  the  best  hard  spirit  varnishes :  it  is  to  be  used  under  the  same 
conditions,  and  with  the  same  management  Common  seed-lac  varnish  is  usually 
made  by  digesting  eight  ounces  of  the  bright,  clear  grained  lac  in  a  quart  of  spirits 
of  wine,  in  a  wide-mouthed  bottle,  putting  it  in  a  warm  place  for  two  or  three 
days,  and  occasionally  shaking  it  When  dissolved  it  may  be  strained  through 
flannel  into  another  bottle  for  use.  In  India,  lac  is  fashioned  into  rings,  beacUi, 
and  other  trinkets.  Its  colouring  matter,  which  is  soluble  in  water,  is  employed 
as  a  dye.  The  resinous  portion  is  mixed  with  about  three  times  its  weight  of 
finely  powdered  sand,  to  form  polishing  stones.  The  lapidaries  mix  powder  of 
corundum  with  it  in  a  similar  manner. 

LACQUERING  is  the  application  of  transparent  or  coloured  varnishes  to 
metals,  to  prevent  their  becoming  tarnished,  or  to  give  them  a  more  agreeable 
colour.  The  basis  of  them  is  properly  the  lac  described  in  the  preceding  article ; 
but  other  varnishes  made  by  solutions  of  other  resins,  and  coloured  yellow,  also 
obtain  the  name  of  lacquer.  Strictly  speaking,  lacquer  is  a  solution  of  lac  ii 
alcohol,  to  which  is  added  any  colouring  matter  that  may  be  required  to  pre 
duce  the  desired  tint;  but  the  recipes  that  have  been  published  in  various 
scientific  journals  contain  apparently  a  great  many  useless  articles.  The  fol- 
lowing is  much  extolled,  in  Nkholtont  Operative  MecJumiCf  as  a  lacquer  fw 
philosophical  instruments : — 

)  oz.  of  gum  guttae.  )  oz.  of  terra  merita. 

2  oz.  of  gum  sandarac.  2  oz.  of  oriental  saffron. 

2  oz.  of  gum  elemi.  3  oz.  of  pounded  glass ; 

1  oz.  of  diragon's  blood,  of  tlic  best  quality.  and 

1  oz.  of  seed  lac.  20  oz.  of  pure  alcohol. 

Before,  however,  the  reader  ventures  to  meddle  with  so  formidable  a  list  of 
ingredients  as  the  foregoing,  we  would  recommend  him  to  make  trial  of  the 
following  more  simple  compound: — Take  8  oz.  of  spirits  of  wine,  and  I  oz.  of 
annatto,  well  bruised ;  mix  tliese  in  a  bottle  by  themselves :  then  take  1  oz.  of 
gamboge,  and  mix  it  in  like  manner  with  the  same  quantity  of  spirits.  Take 
seed-lac  varnish,  (described  under  the  previous  article  Lac,)  what  quantity  you 
please,  and  colour  it  to  your  mind  with  the  above  mixtures.  If  it  be  too  yellow, 
add  a  little  from  the  annatto  bottle ;  if  it  be  too  red,  add  a  little  from  the 
gamboge  bottle ;  if  the  colour  be  too  deep,  add  a  little  spirits  of  wine.  In  this 
manner  you  may  colour  brass  of  any  desired  tint :  the  articles  to  be  lacquered 
may  be  gently  heated  over  a  charcoal  fire,  and  then  be  either  dipped  into  the 
lacquer,  or  the  lacquer  may  be  evenly  spread  over  them  with  a  brush. 

LACE. '^ A  delicate  kind  of  net-work,  composed  of  silk,  flax,  or  cotton 
threads,  twisted  or  plaited  together.    The  meshes  of  this  kind  of  net  are  of  a 
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principle;  th«  old  Lougbborougli  improved,  witli  pumping  tacid«;  the  puilur 
principle;  the  traver«H  warp,  Brvait  and  FrtenuPt'i ;  iravene  warp  rotalonr, 
LmMey  and  Lacey'i;  the  itrateht  bolt,  Kendal  and  MavUy't;  the  circuUr  boll, 
Maiiley'i  ;  the  circular  comb,  Herveya  ;  tlic  circular  copib  improved,  Htrrty'i ; 
and  the  improved  Lener'i.  The  foregoing  eomprebend  tfae  difierenC  priuciplei 
"  '    '  '  '  '  'iing  bobbin-net  lace  have  been  founded. 

it  a  patent  for  actnaCing  leventl  of  the  forc- 
,  which  were  previoualy  worked  by  a  beetinc 
it  of  tlie  operator.  Since  the  Isat-meDtiuBed 
period  there  have  been  b  grebt  msnj  palenli  taken  out  for  improvement*,  the 
deacription  of  which  aloue  would  occupy  a  large  volume,  and  require  aome 
hundred!  of  engravings  to  render  tliem  intelligible.  We  can  therefore  only 
refer  the  render  lo  sucli  works  as  are  dislinguiihed  by  subject*  of  thii  nature, — 
vii.  The  London  Journal  of  ArU,  The  fUptrlory  of  Am,  ibe  Rtgitler  of  PiOaU 
lactntioiu,  and  to  the  enrolled  specifications,— for  «uch  further  informaiion  that 

L.\CTOM£f ER,  An  initrumenC  invented  by  Mr.  Dicas,  of  Livopool,  for 
the  purpoie  of  ascertaining  the  diSerenl  qualities  of  milk  from  its  «pedfic 
gravity  compared  nith  water.  On  tliia  subject  Dr.  Ure  observes,  that  it  is  not 
possible  to  infer  the  quality  of  milk  from  the  indications  merely  of  a  ipedfie 
gravity  instrument,  because  botli  cream  and  water  affect  the  specific  gravity  of 
milk  alike.  "  We  must  first  use  as  a  tactometer  a  graduated  gloas  tube,  in  which 
we  note  the  thickness  of  the  stratum  of  cream  afforded,  after  a  proper  interval, 
from  a  determinate  column  of  new  milk  ;  we  then  appty  lo  the  skimmed  milk 
a  faydrometric  inatrument,  from  which  we  leam  the  relative  proportions  of  curd 
and  whey.    Thus  the  combination  of  the  two  instruments  fumishca  a  tolerably 


;t  locton 
LADDER.     A  portable  frame,  containing  steps  for  the  feel.     Ther 


various  kinds,  most  of  which  i 
need  description ;  but  there  is  one  of  a  very 
ingenious  description,  described  under  the 
head  of  Fire  EscirEi.  invented  by  Mr.  Gre- 
gory, which  is  evidently  applicable  to  a  ereat 
variety  of  purposes,  wherein  common  ladders 
are  uieteas,  or  of  difficult  employment.  Lad- 
ders are  very  advantageously  employed  in 
the  raising  of  weights,  by  the  addition  of  a 
pulley-wheel  at  the  top,  or  suspended  over 
them;  passing  over  this  pulley  is  a  lope,  to 
one  end  of  which  is  attached  the  article  to  be 
raised,  (a  tea-chest,  for  instance,  out  of  the 
hold  of  a  ahipO  a  man  then  aacenda  the 
ladder  to  the  required  height,  and  steps  on 
lo  a  foot -board,  properlv  contrived  for 
the  purpose,  which  ta  atlached  to  the  other 
end  of  the  rope  juit  mentioned;  the  msu'l 
weight,  the[i,  moie  than  counterpoising  the 
tea-cheat,  he  rapidly  descends,  while  the 
chest  ascends  through  tlie  saine  space.  In 
this  manner  the  tea  is  unloaded  from  the 
East  India  Company's  dock  at  Blackwall, 
and  it  is  very  probable  there  is  not  a 
more  efficient  mode  of  applying  a  man's 
labour  for  that  purpose,  and  the  mechanism 
is  cheap,  convenient,  and  easily  adjustable 
lo  the  space.  The  man  has  only  to  ascend 
the  steps  of  the  ladder,  and  he  is  refreshed  in 
Ibe  descent,  the  frame  in  which  he  stands 
■lidmg  over  the  inclined  plane  of  the  ladder. 
Hr.  W.  Hilton   baa  likewise  ingeniously 
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32  LAMP. 

consist  in  the  trituration  or  pressing  of  the  root  in  cold  water.  Almost  all  v^ffe* 
table  colouring  matters  may  be  precipitated  into  lakes,  more  or  less  beautinili 
by  means  of  alum  or  oxide  of  tin. 

LAMP.  A  vessel  in  which  fluid  combustibles  are  burned  for  the  purpose  of 
affording  artificial  light  This  is  effected  by  means  of  a  wick  or  burner  (com- 
monly composed  of  a  few  threads  of  linen  or  cotton),  which  is  immersed  in  the 
fluid,  and  its  upper  extremity  lighted ;  the  fluid  then  rising  gradually  by  capil- 
lary attraction  to  the  lighted  end  becomes  decomposed,  and  its  constituent  parts 
form  various  gaseous  compounds,  most  of  which  are  inflammable,  and  these 
take  fire  and  bum  with  a  de^ee  of  brilliancy  varjring  with  the  nature  of  the 
fluid  from  which  they  are  obtained.  The  wick  being  now  surrounded  by  the 
flame  of  the  bumuig  gases  is  maintained  at  a  heat  sufficient  to  decompose  fresh 
portions  of  the  combustible  matter  as  they  continue  to  rise  to  it.  The  office  of 
the  wick,  therefore,  is  merely  to  decompose  the  oil  or  other  fluid,  and  not  to 
afford  light  by  the  burning  of  its  own  substance;  for  although  the  wick  or 
burner  is  generally  composed  of  some  combustible  material,  yet  provided  that 
it  be  kept  plentifully  supplied  with  oil  it  is  consumed  so  slowly  as  to  afford  no 
perceptible  increase  of  light ;  and  frequently  ^icks  composed  of  incombustible 
substances  are  employed,  as  asbestos,  metallic  wire,  glass,  &c. ;  and  some  years 
back  Messrs.  S.  and  D.  Gordon  obtained  a  patent  for  lamps  with  incombustible 
wicks,  formed  of  the  above-named  substances,  by  drawing  the  material  into 
fine  threads,  which  are  afterwards  formed  into  small  bundles  and  bound  round 
spirally  with  wire,  or  rolled  up  in  a  piece  of  fine  wire  gauze,  forming  a  cylin- 
drical bandage  or  covering  to  each  bundle.  The  wicks  thus  formed  contain  a 
▼ast  number  of  minute  interstices,  arranged  longitudinally  in  parallel  lines,  and 
being  placed  in  an  inflammable  volatile  liquid  (as  naphtha  or  alcohol),  the  liquid 
is  conveyed  by  capillary  attraction  to  the  upper  part  of  the  wick  for  ignition. 
The  composition  to  be  burned  in  these  lamps  constitutes  another  branch  of  the 
improvements  mentioned  in  the  patent,  and  consists  of  a  mixture  of  one  part 
of  essential  oil  with  five  or  six  of  alcohol  or  naphtha  (which  latter  is  much 
more  economical.)  -  fiy  this  admixture  a  much  more  brilliant  light  is  obtained 
than  when  alcohol  alone  is  used,  whilst  tlie  smoke  and  deposit  of  carbona 
ceous  matter  upon  the  wick  which  attends  the  combustion  of  essential  oils 
by  themselves  is  avoided.  These  lamps  have  been  made  up  into  a  great 
variety  of  elegant  designs,  both  modem  and  antique ;  they  have  also  been 
fitted  into  frames  and  stands  to  be  placed  under  tea-urns,  coffee-biggins, 
and  tea-kettles,  and  are  extremely  convenient  in  numerous  situations,  whilst 
the  expense  is  inconsiderable.  They  have  a  circular  ring  at  top  for  receiv- 
ing the  kettle  or  other  culinary  vessel,  with  the  lamp  in  the  centre,  lying 
in  a  frame,  which  may  be  taken  out  at  pleasure  as  a  distinct  apparatus  to 
afford  light  instead  of  heat.  The  wicks  being  incombustible,  no  snuffing  or 
attention  to  them  is  requisite  during  the  time  of  ignition ;  all  that  is  necessary 
is  to  keep  them  firee  from  dust  when  not  in  use,  by  screwing  on  a  cap  over 
each  wick  tube,  and  to  put- the  plug  in  the  central  air-hole  to  prevent  evapo- 
ration. 

Mr.  Blackadder,  of  Edinburgh,  has  also  paid  attention  to  the  subject  of 
lamps  with  incombustible  wicks,  and  has  given  in  the  Edinburgh  Fhiloiopkical 
Jownal  a  description  of  several  lamps  of  this  description  which  he  had  contrived, 
rfome  of  which  were  well  adapted  for  the  combustion  of  essential  oils,  spirits  of 
turpentine,  &c.  The  burners  he  employed  consisted  of  short  pieces  of  bugle 
heads ;  some  of  these  he  inserted  in  pieces  of  talc,  and  found  them  to  form  a 
very  convenient  floating  light  when  placed  upon  the  surface  of  a  portion  of  oil  in 
a  glan  vessel.  Mr.  Blackadder's  account  of  these  lamps  having  called  the  atten- 
tion of  manufacturers  to  the  subject,  gave  rise  to  the  floating  lights  now  in 
such  general  use  as  night  lights,  consisting  of  a  short  piece  of  capillary  glass 
tube  of  veiy  small  diameter  inserted  in  the  bottom  of  a  thin  metallic  dish  or 
cnp,  and  placed  in  a  glass  vessel  containing  oil.  The  cut  in  the  following 
page  represents  an  improved  lamp  of  this  description,  which  has  this  peculiar 
advantage  over  the  ordinary  ones,  that  it  is  capable  of  yielding  four  distuict 
digreet  of  flame,  so  that  it  may  be  accommodated  to  the  occasion  ;   a  larger 
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cuntlnued  In  il  a  minute  or  tiro,  turn  the  stop-cock  1,  sltoviiig  the  fluid  In  Jrop 
(lovly  on  the  liested  bulli  D  below,  by  which  it  will  be  conTerled  into  gea, 
When  il  is  found  to  ncape  in  suflieient  quantitiei  from  the  bunien  at  F,  act  it 
on  lire,  remote  the  heater,  and  n  benutirul  brigbt  flame  will  be  supported  by  Jti 
own  heal  as  long  as  thelo  is  oil  in  A ;  it  maj  be  found  neceuary  to  replace  the 
first  hr^tcr  by  a  lecond,  when  tlie  lamp  is  used  for  the  first  time,  to  expel  more 
eB^ctually  the  atmaapheric  air  ti-am  the  generatoi  and  tubes  The  principle  ol 
this  lamp  is  the  same  ai  that  of  Mr.  Blacksdder'a  {front  which  probably  the  idea 
vol  taken),  viz.  to  decompose  [he  oil  by  causing  it  to  pass  over  an  incora- 
buitible  substance  heuteil  to  redness;  but  the  arrangements  are  more  comples 
and  not  ■□  el£cienL  Beaides  tlie  abjection  to  the  detached  heater,  from  the 
iTOuble  of  healing  so  large  a  mass,  in  camparison  with  the  iacorubuslible  wicks 
in  Mr.  Blackadder's  plan,  the  decomposing  vessel  being  of  metal,  will  be  found 
far  inferior  in  effect  to  gloss  tubes  or  similar  substances  of  iuferior  con- 
ducting power,  and  in  a  tmnt  dme  would  soon  become  incapable  of  decotn- 
poiing  the  oil,  as  it  is  fuund  neceiiary  at  the  Oil  Gas  Works  to  introduce  int«  th« 
retorts  pieces  of  broken  briuks,  coke,  &c.,  or  plate*  of  iron,  whicli  are  renewnl 
daily.  The  decomposing  chamber  D,  and  the  circular  rim  E,  both  of  which 
require  (o  bo  situated  over  the  flume  of  the  lamp,  arc  also  highly  objectionable, 
not  only  as  cumbrous  and  unsightly  appenui^ee,  but  on  account  of  the 
dark  and  extensive  shadow  which  they  would  throw  upon  the  ceilinj;. 
The  sixe  of  wick  must  be  proportioned  to  the  degree  of  light  the  lamp  is  required  to 
afford,  but  with  the  ordinary  wicks,  composed  of  cotton  yam  slightly  twisted,  if  the 
diameter  be  much  increased,  sufficient  air  does  not  arrive  at  the  central  part  of 

..   .  istion  of  the  fuel,  and  the  lami 

bums  with  much  smoke,  aod  a  depoa 
place;  it  is  theiefore  found  preferable  tr 
one  larger  one.  Count  Rumford,  whose  expeiimenta  upon  warming  and  lighting 
have  produced  such  great  impravements  iu  these  two  braochei  of  domestic  eco- 
nomv,  invented  alanip,  (ho  wick  of  which  is  formed  of  a  kind  of  broad  tape  wove 
for  the  purpose  ;  and,  as  a  reading  lamp,  itis  equal  to  any,  whilalal  the  same  time 
its  constnictioii  is  extremely  sim^e :  hut  the  greatest  improvement  yet  made  in 
lamps,  is  the  Argand  lamp,  so  named  from  their  inventor,  M.  Argand,  of 
Geneva.  The  distinguishing  feature  of  these  lamps  is  that  the  wick  ia  liotlow 
or  tubular,  and  the  wick-bolder  it  so  couiiructedas  to  allow  a  paisnge  fur  the 
air  through  the  centre  of  the  flame,  as  well  lu  on  the  exterior,  by  which  means 
every  particle  of  the  oil  ii  decomposed  and  bumed,  and  a  most  brilliant  flams 
is  produced,  free  from  smoke  or  smell.  When  oil  of  the  best  quality  ia  used, 
lamp*  of  this  description  are  found  infinitely  superior  lo  all  others  for  all 
situations  where  they  do  not  require  to  be  moved  about,  and  are  now  manu- 
factured in  an  endless  variety  of  the  luost  tastetill  and  elegant  forms,  and  with 
various  additional  contrivances  for  regulating  the  height  of  the  flame,  the  floir 
of  oil,  doing  away  with  shadow  uf  the  oil  vessel,  &c.  The  annexed  cut  repre- 
sents a  very  common  and  simple  descrip- 
tion of  Argand  lamp,  adapted  either  to 
stand  upon  a  bracket,  or  hang  agauist  a 
waU.  In  these  lamps  the  oil  surrounding 
the  vrick  is  maintained  conslandy  at  the 
■ame  level,  by  a  contrivance  similar  iu 
principle  to  the  bird  fountain,  a  is  the 
oil  reservoir  or  fountain,  closed  at  the  top, 
hut  having  an  aperture  at  bottom  Gtteit 
with  a  conical  or  button  valve.  'Die 
reservoir  (its  loosely  into  an  outer  cose  b. 
ao  as  to  allow  free  admission  for  the  air 
between  tlie  two ;  c  is  the  neck  by  which 
the  oil  flows  into  the  wick-holder  d,  which 
is  composed  of  two  concentric  tuhei 
jiUDed  together  at  the  bottom  by  a  circulnr 
plate,  haribg  an  aperture  b  its  centre  lui 
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ft,  mntaining  the  oil  which  flovi  to  the  burner  hj  two  tnbet,  and  in  order  that 
die  level  of  the  oil  may  not  greativ  vur,  the  ring  ii  made  ai  flat  u  pomUe. 
This  liog  alio  EUpports  •  ground  glua  (We,  which,  beiida  lafbeniog  the  ligh^ 
hy  hi  peenlUr  form,  to  reflecn  and  refracts  the  rayi  in  every  direction  at  nearlj 


tod  lam[n  ii  icarce!;  perceptible,  the  light  ii  not  etjual  to  ibat  of  foufitain 
lunpti  Awing  to  the  supply  of  oil  being  neither  lo  copunu  nor  m  uniform  m  in 


can  aa  longer  be  worked,  the  nut  k  must  be  again  screwed  «hi,  and  ihe  lamp  ii 
Tesdf  for  uie,  bj  merely'opening  the  stop-cock  p.  There  have  been  rataj 
laapi  upon  tbe  prineipte  uf  tlic  one  juat  described,  but  fram  the  difEculIy  of 
regulating  them,  tliey  liave  not  come  into  genera!  use ;  this  difficulty  Riiaes  in 
part  from  the  continually  varying  pressure  of  the  condensed  air,  occasioned  by 
la  increase  of  volume  as  the  oil  consumes,  and  also  &om  the  difficulty  of 
regulating  the  lupply  of  oil  la  Ihe  burner,  so  as  neither  to  overflow  tinr  fall 
■liort  of  what  is  required.  In  a  lamp  invented  by  Mr.  Machcl),  a  piece  of 
cotton  is  introduced  through  the  bore  of  a  cock,  when,  by  turning  tbe  pluv,  Ihs 
passage  may  be  regulated  with  considerable  accuracy.  In  the  present  lamp, 
the  patentee  effects  this  by  a  cBpillary  tuhe,  which  retards  the  flow  of  oil  in 
proportion  as  it  is  lengthened,  and  this  is  the  principal  improvement  claimed  in 
tbe  patent.  Tlie  objection  to  this  seems  to  he  that  the  flow  cannot  be  regulated 
at  pleasure.  Upon  the  nhoie,  althougli  many  of  the  lamps  witli  the  oil  reser- 
voir CDDtsined  in  the  base,  exhibit  considerable  ingenuity  in  vorioiig  parts  of 
their  detaili,  yet  very  few  have  been  found  to  answer  in  practice,  being  mostly 
either  troublesome  to  manage,  or  unequal  in  their  action ;  and  the  only  lamp 
of  tliis  desciiptton  which  we  have  yet  seen  which  seema  to  he  of  decided  prac- 
tical utility  II  one  of  French  invention.  In  thii  lamp  there  sre  two  nnaU 
pumps  worked  by  a  train  of  clock-work  situated  beneath  the  reservoir  of  oil 
in  tlie  pedestal  of  Ihe  lamp.  These  pumpa,  which  in  ibeir  conitrurtion  reiembla 
a  pair  of  bellows,  vtork  with  very  httle  friction,  and  impel  tbe  oil  in  a  c^iou* 
(tream  to  the  burner,  and  no  inconvenience  can  reauli  from  an  excess  in  the 
supply  as  tbe  overflow  merely  returns  into  the  reservoir. 

We  ihall  now  proceed  to  notice  one  or  two  lamps  adapted  to  the  bumioK  of 
concrete  oils  and  solid  unctuous  substances,  as  fat,  tollon,  butter  of  cacao.  For 
the  purpose  of  illumination  these  substances  are  on  a  par  with  oil,  sfibrding  an 
equally  brilliant  light  and  at  a  much  Usi  coit;  hut  in  order  to  hum  Ihem  ii 
lump  it  is  requisite  previously  to  render  them  fluid,  and  t 
in  that  stale  <o  long  as  the  lamp  is  in  use.  Varioi 
employed  for  this  purpose,  hut  the  principle  ii  tbe  same  ii 
portion  of  the  heat  arising  from  the  flame  of  the  lamp  to  t' 
by  itieans  of  some  good  conductor,  as  an  iron  or  copper 
tuhe  or  wire  inserted  in  the  combustible  masi,  and  coming 
in  contact  or  nearly  so  with  the  flame.  A  very  simple 
lamp  of  this  description  is  exhibited  in  the  annexed  cut ; 
a  is  the  fat  rendered  fluid,  lying  in  the  body  of  the 
lamp ;  (tbe  cover  of  tbe  lamp  being  removed  to  sliow  i 
the  interior;)  c  is  a  small  tube  to  convey  air  into  the 
middle  of  the  flame  (to  perfect  the  combustion,  on  the 
principle  of  the  Areand  burner) :  this  tube  opmt  at 
■'-c  lower  end  into  Iho  large  tube  h.  as  shown  by  dots; 

"  perforation  is  alio  made  at  if,  to  allow  the  air 

reely  into  the  tube  c,  when  the  lamp  is  tiled 
III  me  socket  of  B  candlestick.  On  each  side  of  the 
nir  tube  b  short  piece  of  copper  pipe  is  fijcd  by  bard 
solder,  for  holding  Ihe  cotton  wicks  ;  these  tubes 
(which  ought  to  be  longer)  get  intensely  hoi,  and,  by 
tlie  conduetine  power  of  die  metal,  the  heat  is  Iraiii- 
niitted  to  tbe  fal,  which,  melting  in  consequence,  flows 
up  the  nick  like  tine  nil,  hut  infinllelj  preferable,  on 
•ccuunt  of  ill  ditliising  no  tinpleasont  smell  during  ilic 
combustion. 

The  Hon.  E.  Cochrane  obtained  a  patent  for  a  lamp,  named  by  him  tie 
''  Paleat  Dissolvent  Lamp,"  which,  like  tbe  one  juat  described,  is  calculaled  to 
bum  tallow  and  concrete  oils.  These  lamps,  which  have  been  very  exlensively 
manufactured  in  a  variety  of  elegant  forms  by  Mr.  Jos*,  of  Regenl-ilreet.  afford 
an  extremely  brilliant  light  at  a  very  small  cost.  Tlie  engraving  and  detcrip- 
Uon  in  tbe  followine  page  will  explain  tlie  principle  of  these  lamps,  aatntwo 
aohd  bent  meto!  tods  that  conduct  the  heal  received  from  the  flame  of  Ihe  lamp  U 
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The  annexed  fif^ire  represfnd  ■  lamp  u  uoiiilmcted  by  the  i 
upun  trial,  W8*  found  to  aniwer  rery  well. 
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Reference  to  F.ngraNng. — a,  the  vessel  of  condeoseil  gaa  ;  b  b,  tlie  refleelori, 
plaued  at  Buitnble  angle*  to  accumulate  tlie  tight  upon  a  bull'i  eye  magniliEr 
fixed  \a  Tront,  but  removed  in  the  drawing  to  Aiov  the  interior  of  the  lantern 
e,  the  Kte»  cap  of  the  lantern ;  d,  the  alkaline  solmjon  :  .  , 
ponions  of  the  sliield  finmei  of  the  tunnel ;  h,  accuinuiation  of  nnid 
■s  it  mav  be  luppoaed  to  have  entered  the  tunnel. 

The  cut  on  p.  13,  repretent)  one  of  the  many  wayi  in  which  ili 


or  to  work,  bj  the  liglil  ajiarded  bj  the  sparks  of  iteel  sCruck  off  from  a  wheel  of 

flint   But  even  thia  apparalui,  though  much  lesa  dangeroua  than  a  caudle,  iome> 

timea  producei]  explositina  nf  the  fire-damp.  A  perfect  aecurity  from  accident  i(, 

howeTcr,  offered  la  the  miner,  in  the  u>e  of  a  safe  lamp,  which  transmits  its  liKhl, 

and  is  fed  Kith  air,  through  a  cylinder  of  iron  or  copper  wire  gauxe  i  and  ihii  fine 

invention  hai  the  advantage  of  requiring  no  niBchiiiery,  no  philoaophical  kiiavr- 

ledge  to  direct  its  use,  and  ii  made  at  a  very  cheap  rate.    The  aperturea  in  the 

guue  should  not  be  more  than  l-20th  of  an  inch  square.     As  the  fire-damp  in 

not  inflamed  by  ignited  nire,  the  thickness  (>f  the  wire  is  not  of  importance, 

but  wire  from   MOth  lo  I-.?Oth  of  an  inch  b  diameter  i*  moat  convenienL 

The  cage  or  cylinder  should  be  made  by  double  joininga,  the  gauze  being  fol4e<t 

over  in  auch  a  manner  as  to  leare  no  apertures.     When  it  is  cylindrical,  it 

should  tiot  be  more  than  two  inchea  in  diameter;  for  in  larger  cylinden,  the 

cofflbiution  of  the  fire-damp  renders  the  top  incaaTeulently  hot;  and  a  douUe 

top   is  always   a   proper  precaution,   fixed   one-half  or   three-fourths  of  an 

inch  abave   the  first   top.     The   gsuze  cylinders  should   be  fastened  to  the 

lamp  by  a  screw  of  four  or  five  turua,  and  fitted  to  tlie  screw  by  a  tight  ring. 

All  joinings  in  the  lamp  should  be  made  with  hard  solder;  and  the  aecurity 

depends  upon  the  cireumitance,  that  no  aperture  exists  in  the  appuratua  larger 

than  in  the  wire  game."   The  parts  of  the  lamp  are — A, 

the  brass  cistern  which  contains  the  oil.  pierced  near  the 

centre  with  a  vertical  narrow  tube,  nearly  filled  with 

a  wire  which  is  recurved  above,  in  Ihelevelnf  the  burner, 

to  trim  the  wick,  by  acting  on  the  lower  end  of  the  wire, 

with  the  fingen;  it  is  called  the  safety  trimmer.     B,  the    , 

rim  in  which  the  wire  gauie  covet  is  fixed,  and  which  a 

fastened  to  the   cistern  by  ■  movable  screw.      C,  an 

aperture  for  auppljiing  oil,  fitted  with  a  scren  or  cork,  j 

and  which  communicates  with  the  bottom  of  the  cistern 

by  a  tube ;  and  a  central  aperture  for  the  wick.     D,  the 

burner,  or  receptacle  for  the  wick,  over  which  ia  fixed 

the  coil  of  platinura  wire.     F,  the  wire  gauze  cylinder, 

which  should  not  have  lesa  than  625  apertures  to  the 

square  inch.     G,  theaecond  top,  ihree-fourtba  of  an  inch 

above  the  first,  surmounted  by  a  brass  or  copper  plate. 

to  which  the  rings  of  suapenaion  are  fixed.     1,  I,  I,  six 

thick  vertical  wires,  joiniog  the  ciatem  below  to  the  top 

plate,  and  serving  »»  protecting  and  atrengthenine  pillars 

round  the  cage.      When  the  wire-gauie  safe  Tamp  ia 

lighted  and  introduced   into  an   atmosphere  gradually 

mixed  with  fire-damp,  the  first  efiect  of  the  fire-damp  ia 

to  increase  the  length  and  size  of  the  flame.     When  the 

inflammable  gas  forms  us  much  as  1-1  !lb  of  the  volume 

of  the  air,  the  cylinder  becomes  filled  with  a  feeble  blue    ' 

flame,  but  the  flame  of  the  wick  appears  burning  brightly    . 

within  the  blue  flame,  and  the  light  of  the  lamp  augments,  ( 

till  the  fire-damp  increases  to  one-eighth  or  one-fourtli, 

when  it  ia  lost  in  the  flame  of  the  fire-damp ;  which  ii 

this  case  fills  the  cylinder  with  a  pretty  strong  light.     As 

long  as  any  explosive  mixture  of  gas  exitta  in  contact 

with  the  lamp,  ao  long  it  wiQ  give  light;  and  when  it  is  I 

extinguished,  which  happens  when  the  foul  air  constitutes 

Bs  much  as  one-third  of  the  volume  of  the  atmosphere, 

the  air  ia  no  longer  proper  for  respiration  j  for  though  animal  life  will  continue 

where  flame  is  extinguished,  yet  it  is  always  with  Buffering.     By  fixing  a  coil 

of  platinum  wire  above  (he  wick,  ignition  will  continue  in  the  metal  when  the 

lamp  is  itself  exiingutahed ;  and  from  the  iguited  wire,  the  wick  may  be  again 

Mkindled  in  gobg  into  a  leas  inflammable  atmosphere.     In  a  letter  lo  the 

Boyil  Society,  dated  Newcastle-upon-Tyne,  Sir  H.  Davy  aayi,  "  All  the  Umpe 
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6i»  DinhN  on  th*  oppotile  lide,  uid  of  producing  an  explo>ion,  if  the  lur- 
loundmg  air  ii  iaflaminable.  In  Mr.  RflbrrlB's  lump  the  orerflow  of  tlie  oil 
U  impoasiblc,  on  accuunt  of  the  dom^Bhaped  carer  whicli  sutroundt  tlie  wide ; 
the  duit,  therefore,  thai  aettlei  on  tlie  gauze  may  be  dislodged  by  ■  mere 
lap  of  the  finger,  or  what  would  perliaps  be  better,  by  tlie  application  of  > 
■mBll  brush  limilar  to  that  which  Koldiera  carry  to  clear  the  pui  of  their 
muibeli,  and  which  miglit  be  attached  hy  a  bit  of  amtdl  chain  to  the  liaiidle 
of  the  lamp.  F^g.  1,  on  the  preceding  page,  repreaenta  a  aectionof  thelampir^, 
and  wire  gauu  q  q;  rr,  i  icrencd  cap,  with  a  hollow  dome  j ,-  it  acreWB  into 
the  neck.  It,  of  the  lamp ;  the  dome  rises  s  little  above  the  neck  bolder  x, 
haTiog  an  opening  at  top  to  let  the  nick  and  trimming  wire  v,  rise  throueh. 
This  dome  serves  to  catch  and  retain  any  oil  that  may  be  spilt  by  shaking  the 
lamp,  or  knocking  it  over,  thereby  protecting  the  wire  gauze  q  from  being 
tmesred :  te  and  x,  two  locks,  the  former  to  secure  the  cap  ;,  and  the  latter  to 
secure  the  wire  gaiize  q  from  being  removed.  Fig.  2,  a  section  of  the  cap  and 
dome,  m,  separate  from  the  lamp ;  the  whe  gauze  fits  into  (he  cavity  jiy,  around 
the  dome  *;  a  «,  two  of  the  four  wires  which  terve  to  hold  the  wire  game. 

Mr.  Bonner,  of  Monkwearmouth.  Durham,  has  a  patent  for  an  improrement 
upon  the  lafety  lamp,  which  consists  in  a  means  of  increasing  the  light  of  the 
lamp,  and  also  of  extinguisliing  it  instantaneously.  The  mwle  of  increasing 
the  light  is  as  follow*:— Instead  of  introducing  a  wick  in  the  centre  of  the 
lamp,  as  is  usually  practised,  he  introduces  a  leriet  of  small  wicks  tound  a 
centre  tube,  and  by  lighting  one,  two,  or  more  wicks  at  a  time,  little  or  much 
light  is  obtained.  The  means  of  instantly  eilinguishlng  the  light  coniisti  in  ■ 
tnelal  cap,  or  eilbguisher,  suspended  williin  llie  wire  gauze  tube  by  a  pin  or 
catch  ;  upon  withdrawing  the  pin  the  extinguisher  falls  over  the  wick  and  the 
light  is  put  out. 

In  Mr.  Murray's  safety  lamp  the  wire  gauze  tube  is  suspended  hy  two  con- 
oentric  lubes  of  strong  glass,  the  space  between  the  two  tubes  being  neatlv  tilled 
with  water;  hy  this  means  a  much  ETealer  degree  of  light  is  oblsnied,  hut  we 
are  not  sure  that  the  risk  ii  not  abo  greater  than  when  a  wire  gauze  tube  it 
employed, 

LAM  P  BLACK.     See  Bi  aci. 

LANCET.  A  two-edged  and  pointed  surgical  instrument,  chiefly  used  lor 
opening  veins  in  the  operation  of  bleeding. 

LANTERN.  A  transparent  case  to  contain  a  light  Lanterns  are  of  various 
kinds  adapted  to  their  peculiar  uses;  mml  of  tbem  are,  however,  too  well  known 
to  neeil  a  description  here.  Tlie  dark  lantern  is  so  called  from  the  circumitiuics 
of  the  tight  being  entirely  screened  from  observation  at  pleasure,  by  means  of  a 
door  or  sliding  shutter,  that  covets  ila  only  aperture  fur  the  ironsmiasion  of 
tight     See  L*ur. 

Lanttm,  Magic,  is  an  amusing  optical  machine,  whereby  painted  objects 
upon  glass  placed  between  lenses,  become  considerably  magnified  in  their 
shadows,  which  are  projected  against  a  whjlened  wall  or  screen.  The  lantern 
ii  inclosed  so  that  no  Uglil  can  pass  out  of  it,  except  through  a  double  convex 
or  plano-convex  lens ;  around  the  circumference  of  this  lens  is  lixed  one  end 
of  a  tube  that  projects  from  the  lantern,-  the  fine  end  of  this  tube  receives 
another  smaller  tube  which  slides  in  it,  and  carries  at  its  remote  extremity  a 
double  convex  lens.  On  the  fixed  lube  between  the  two  lenses,  lateral  aper- 
tures, or  vertical  slili  are  made,  through  which  the  objects  painted  on  slips  of 
glass  are  slided,  Tlie  objects  are  thus  iltuniinated,  and  their  form  and  culuun, 
on  a  magnified  scale,  transmitted  with  the  light  upon  the  screen. 

The  optical  delusion  (ernied  Phantasmagoria,  ii  produced  by  s  similar 
machine  to  the  magic-lanlero ;  but  instead  of  the  figures  being  painted  on 
traniparent  glass,  all  tlie  glass  is  rendered  opaque  except  the  figure,  which  is 
pointed  in  transparent  colours,  (he  light  therefore  shines  only  through  the 
figure,  which  ia  thrown  upon  >  very  thin  screen  of  silk  placed  between  the  spec- 
tators and  the  lantern ;  and  it  is  by  moving  the  instrument  backwards  or  for- 
wards, that  the  figures  appear  to  recede  or  approach. 

LAPIDIFICATION.     The  art  of  cutting  and  polishing  itonei  as  prudscd 
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in  lifting  the   laleh ;   while   in  the   other  the   curvej 
hooL  a  scM  a*  a  lev«r  of  ihe  ■econd  clau  for  (he  tome 

furpoae.     The  comnmn  lever  ii  thui  converted  into  two 
uiilles  betides  performing  its  ovn  nflicK. 

LATHS  are  long,  thin,  and  narrow  slips  of  wood 
nailed  to  the  rsnen  of  ■  roof  to  suatoin  the  covering,  or 
to  the  joists  of  s  room,  in  order  to  support  or  linid  up 
the  plaiatered  ceiling  ;  they  are  also  used  fur  light 
fencing  and  various  other  purposes.  Laths  arc 
usually  made  by  rending  them  out  of  fir  or  oak  ;  they 
are  made  of  various  lengths,  from  3  feet  to  4  feet, 
and  are  distinguished  by  three  difierenl  thicknesses, 
termed  single,  lath  and  half,  and  double  ;  (he  latliT 
signifying  double  the  thickness  of  the  single,  and  lath 
and  a  half  the  medium  thicknen.  In  the  United 
States  of  America,  where  maiiual  labour  is  at  present 
more  scarce  than  in  this  country,  machinal^  has  been 
employed  for  rending  as  well  as  for  saving  out  laths :  there  is  nothing  arigioal 
in  the  latter  operation,  but  tbeie  is  apparently  something  worthy  of  notice  by 
our  countrymen  in  the  annexed  rcDorta  of  American  patents,  which  we  extract 
from  (he  FranHin  Journal  of  Philadelphia. 

In  Rice's  machine,  "a  slock  is  fixed  in  a  frame,  in  which  it  slide*  freely 
backward  and  forward;  it  is  moved  by  a  cog-wheet,  which  works  in  cogs  on 
one  side  of  the  stock  in  the  manner  uf  s  rack  and  pinion.  A  knife  is  fixed 
upon  the  stock,  and  the  timber  to  be  cut  into  laths,  &c.  is  fixed  in  a  frame,  and 
is  msde  to  bear  against  the  slock,  and  the  lath  is  cut  by  the  traversing  motion 
of  (he  stock.  The  knife,  it  is  said,  may  have  a  double  edge,  so  ai  to  cut  a  lath 
both  by  the  forward  and  backward  motion." 

Lynch 's  machine  "  consists  of  a  long  plonk,  which  operates  as  a  plane  stock  ; 
this  plunk  is  made  to  slide  upon  its  edge  between  upright  standards  upon  a  firm 
platform  ;  a  wide  iron,  like  a  plane-iron,  is  fixed  so  as  to  cut  on  one  face  of  this 
plank  much  in  the  manner  of  the  cutters  of  some  shingle  machines ;  the  throat 
of  the  plane,  if  we  may  so  call  it,  has  other  cutters  standing  at  rigbt  angles 
with  the  first  cutler,  and  at  such  distances  apart  as  to  reduce  the  lathi  to  ■ 
proper  width.  The  cutter  plank  b  made  to  traverse  by  means  of  a  pitman  at 
one  end,  operated  upon  by  any  suitable  power." 

LATHE.  A  machine  chiefly  used  for  giving  a  truly  circular  furm  to  wood, 
metaU,  and  other  substances.     See  Tubniko. 

LEAU.  a  metal  of  a  bluish-wbite  colour,  and  when  recently  cut,  of  con- 
siderable lustre.  It  is  very  soft  and  flexible ;  not  very  tenacious,  and  consr- 
quently  ineapable  of  being  drawn  into  very  fine  wire;  yet  its  malleability 
permits  it  to  be  extended,  either  under  the  hammer  or  the  rollen,  into  very 
thin  sheels.  Its  specific  gravity  is  11.35  ;  it  toils  paper  and  the  fingers  by 
friction,  imparting  a  slight  taste  and  a  peculiar  amell :  it  b  a  good  conductor  of 
heat;  melts  at  612°  Fahr.,  and  when  cooled  slowly,  crystallizesinto  quadrangular 
pyramids.  Lead  is  brittle  at  the  time  of  congelation,  and  may  then  be  broken  to 
pieces  with  a  hammer.  Although  the  brightness  of  fi*esli  cut  or  scraped  lead  soon 
goes  off;  it  does  not  alter  much  by  exposure  to  the  sir;  owing,  it  b  supposed, 
to  a  thin  film  of  oxide  being  funned  upon  its  surface,  which  defends  the  metal 
from  fiirther  corrosion  ;  this  property  renders  it  peculiarly  suitable  for  the 
gutters  and  coverings  of  buildings.  Lead  ore  is  found  in  moat  parts  of  the 
world.  In  Britain,  the  princhiaf  lead  mines  are  situated  in  Cornwall,  Devon- 
shire ;  in  Northumberland,  Westmoreland,  Cumberland,  Derbyshire,  Durham, 
Lanca.<hire,  and  Shropshire  ;  in  FUntshire,  and  various  parts  of  Wales  ;  also  in 
several  districts  of  Scotland.  The  smelting  is  performed  either  iti  a  blast  fui^ 
nace,  called  an  "  ore  hearth,"  or  in  a  revcrberB(or)'  furnace.  In  the  former 
method  the  ore  and  fuel  are  mixed  ti^lhcr  and  exposed  to  the  action  of  the 
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ricape.  to  the  injuiy  of  the  neighbourhood,  would  ol  itself  wnounl  in  one  year, 
where  four  fiimacea  are  emploj-ed  (as  described  in  iHc  plan)  to  a  luin  equal  to 
the  entire  coit  of  the  improved  Bppnralus ;  ihol  is,  the  iipjwr  pBrt  of  the  lower, 
sith  its  roof,  cap,  vane,  shutter,  and  appendiiges"  which  «e  ihall  next  proceed 
to  describe. 


F^g,  1,  in  the  precedin, 


&u/tf<r/bHr/M 


ling  engraving,  represents  a  vertical  MClioa  of  a  )ottf 
and  capacious  lower,  placed  in  the  centre  of  four  smelling  furnaces,  and 
receiving,  by  distinct  flues,  the  smoke  and  vapour  from  each  of  ihem.  Tha 
drawing  being  a  cenlrai  section,  but  two  of  the  fumnces  are  brought  inlo  vjev, 
which  are  marked  a  a,  their  flues  b  b  opening  inlo  separate  chimneys  c  c  ill  the 
Jawer,  which  they  ascend  for  twenty  ot  more  feel ;  then,  by  lateral  pasmgei  at 
diiil,  they  mpectively  enler  the  central  ihalt  ee;   here  the  vapoui*  com* 
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llnBii  ujisn  the  nirface  at  the  meUl,  and,  for  the  remainder  of  the  opcrsttoib 
jirotecto  it  from  the  action  of  the  oxygen.  The  tcmpetalure  of  the  furnace  i* 
1IUW  considerably  raised,  to  separate  as  ^icklj  as  posiible  the  lead  fruin  the 
liquid  ICO ria ;  after  which  a  conaiderable  portion  of  (be  scoria  is  tiip])cd  otf, 
leaving  dhIt  ao  much  behind  Bl  ii  neceuary  tn  protect  the  metal  from  tlie 
action  of  the  oxygen.  'ITie  fir/ is  now  slackened,  and  a  quan^ty  of  alack  or 
refuse  pit-conl  thrown  into  the  furnace,  which  serves  to  diminish  the  heat,  and 
to  concrete  the  melted  aeotia,  which  pffect  is  promoted  by  the  addition  at 
,  powdered  lime ;  the  scoria  thus  consohdnted  is  broken  into  pieces  with  a  rake, 
and  thrust  to  the  opposite  side  of  tlie  furnace,  where  it  is  taken  through  the 
apertures  already  mentioned.  The  lead  is  now  tapped  in  a  manner  uniilar  to 
that  descrihed  in  the  manufacture  of  iron,  and  allowed  to  run  into  a  canaciniia 
iron  pan,  whence  it  ii  ladled  into  moulds  to  cast  it  into  pig«.  When  the  ores 
abound  with  blend,  or  black-jack,  or  with  the  sulphate  of  iron,  Ruale  of  time  i« 
■dded  aa  a  flux.  The  scoria  last  mentioned  contains  a  portion  of  lead,  heaidea 
Ibat  which  is  in  the  state  of  oxide ;  it  is  therefore  exposed  to  the  heat  of  another 
furnace,  beinE  ■  species  of  blast  furnace,  and  called  a  slag-heirth,  which 
fuses  the  scorta  and  causes  the  metal  to  penetrate  through  it  and  fait  into  a 
cavity,  where  it  is  protected  from  the  agency  of  the  blast,  and  from  whence  it 
is  taken  and  cast  into  pigs.  All  lead  ores  contain  some  portion  ofMlver,  which 
is  extracted  nhen  it  is  in  sufficient  quantity  to  atTord  a  recompense  for  the 
operation ;  the  method  adopted  in  France  is  very  simple  and  efflcacioua,  and 
is  thus  described  in  Rtn'i  Cydopirdia  : — "  A  shallow  Teasel,  or  cupel,  is  filled 
with  prepared  fem-ashi-i,  wtll  rammed  down,  and  a  concavity  cut  out  for  the 
reception  of  the  lead,  with  an  opening  on  one  lidc  for  the  mouth  of  the  bellows, 
through  which  the  air  is  forcibly  driven  during  the  process.  The  French 
smellers  cover  the  aurfuce  of  the  allies  with  hay,  and  arrange  symmetrically 
the  pieces  of  lead  upon  it :  when  the  lire  is  lighted,  and  the  lead  is  in  a  state 
of  fusion  from  the  reverberation  of  the  Raine,  the  blast  ftnm  the  bellows  is  made 
to  play  forcibly  on  the  surface,  and,  in  a  short  time,  a  crust  of  yellow  oxide  of 
lead  or  litharge  is  formed,  and  driven  to  the  side  of  the  cupel  opposite  to  the 
mouth  of  the  bellons,  where  a  shallow  side  or  aperture  is  made  lor  it  to  pass 
over ;  another  emit  of  litharge  is  formed,  and  driven  off.  The  operation  con- 
tinues about  forty  hours,  when  the  complete  separsiion  of  the  lead  is  indicated 
by  a  brilliant  lustre  on  the  convex  surface  of  the  melted  mass  in  the  cupel, 
which  is  occasioned  by  the  removal  of  the  last  crust  of  litharge  thai  covered 
the  silver.  The  French  introduce  water  through  a  tube  into  the  cupel  to  coul 
the  silver  rajiidly  and  prevent  its  spirting  tut,  which  it  does  when  the 
refrigeration  is  ^^ual,  owing,  probablj',  to  iu  tendency  to  civstalliii 
Enpand  the  silver  is  left  to  cool  in  the  cupel,  and  some  inconve 
ia  caused  by  the  spirdng,  which  might  be  avoided  bf  the  former  mode. 
The  silver  thus  extracted  is  not  sufficiently  piue ;  it  is  agam  refined  in  a  rever- 
beralory  furnace,  being  placed  in  a  cupel,  lined  with  hone  ashes,  and  exposed 
to  greater  heat;  the  lead,  which  has  escaped  oxydation  by  the  first  proceas,  is 
converted  into  litharge  and  absorbed  by  the  asbes  of  the  cupel,  llie  lost  por- 
tions of  litharge  in  the  first  process  are  again  refined  fur  silver,  of  which  it 
contains  a  part  which  was  dnven  off  with  it.  The  litharge  is  converted  into 
lead  again,  by  beating  it  with  charcoal ;  part  is  sometimes  sold  for  pigment,  or 
converted  into  red-lead.  The  loss  of  tend  by  thit  process  differs  considerably, 
according  to  the  quality  of  the  lead.  I'he  litharge  commonly  obtained  from 
three  tout  of  lead  ammmts  to  filly-eight  hundred  weight ;  but  when  it  is  aj 
reduced  to  a  metallic  slate,  it  seldom  contains  more  than  fifty-two  hum 
weight  of  lead,  the  loss  on  three  tons  being  dgbt  hundred  weight.  The  Dutch 
are  said  to  extract  the  silver  from  the  same  quantity  of  lead  with  only  the  1o!« 
of  six  hundredweight." — See  SErsBATiow. 

Shrrl  Lrad. — 'Vhetc  are  two  distinct  kinds  of  sheet  lead,  cast,  and  milled  or 
rolled.  The  flnl-menUoned  is  the  original  kind,  and  as  it  is  preferred  we  shall 
first  describe  it  as  usually  prsctisetl  by  the  plumbers.  A  large  cast-iron 
cauldron  is  built  over  a  furnace,  eneloied  in  solid  nissonrv,  at  one  end  of  the 
ea>ting.sbo[i,  and  near  to  the  muntd  or  easling-lable.     This  table  ia  generally    i 
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•r  the  farm  of  •  panllelqgniii,  about  six  feet  wide,  and  twenty  feet  long,  lub- 
tfantially  mado  of  wood,  and  bound  together  at  the  corners  and  other  parti 
with  iron.  The  laee  of  the  table  is  surrounded  by  a  raised  border  about  three 
inclics  thkk,  and  five  inches  in  depth ;  the  legs  and  framing  are  of  course 
rtvong  and  finnly  jointed,  to  prevent  any  gelding  or  trembling  during  the  cast- 
ing. The  top  of  the  table  ii  of  boards,  laid  very  even,  and  this  is  covered  by  a 
stratum  of  one  sand  laid  ▼etv  smooth  and  even ;  at  the  end  of  the  table, 
Bcnest  to  the  eanldroD  in  which  the  lead  is  melted,  is  adapted  a  box,  equal  in 
Ici^lth  to  the  width  of  the  table ;  at  the  bottom  of  the  box  is  a  long  horizontal 
lUt,  through  which  the  metal  flows  out  uniformly  over  the  breadth  of  the  table ; 
this  box  is  moonted  upon  rollers,  which  run  on  the  rim  of  the  table  as  a  rail- 
way, and  is  set  in  motion  by  a  rope  and  pulley.  When  the  metal  in  the 
esnldran  is  soffidentljr  heated  to  retam  its  fluidity  throughout  the  spreading  of 
the  sheet,  the  requisite  quantity  of  it  is  ladled  into  the  casting-box,'  and  the 
dross  taken  off  its  surface  by  means  of  a  perforated  scummer.  As  soon  as  the 
box  has  dispersed  its  contents  upon  the  table,  a  man  levels  the  surface  with  a 
ftrikrr,  which  tak^  off  the  impurities  also,  before  it  cools ;  as  soon  as  it  has 
set,  the  edges  are  taken  off  in  a  straight  line,  and  when  sufficiently  cool  it  is 
roUed  up  and  removed  away  to  make  room  and  prepare  for  the  succeeding 
caitings,  which  are  conducted  in  a  similar  way. 

A  method  different  from  the  foregoing  is  practised  in  some  places.     Instead 
•f  a  ca«ting-box  travelling  over  an  horizontal  surface,  the  table  is  a  little 
mclined,  and  an  iron  vessel  at  the  upper  end  of  the  table  next  to  the  cauldron 
is  tilted  so  as  to  pour  out  the  fluid  wnich  flows  to  the  other  end,  during  which 
operation  a  workman  levels  the  surface  with  a  striker  or  straight  edge,  which 
reduces  the  mass  to  a  uniform  thickness.     Cast  sheet-lead,  made  by  these  pro- 
cesses, does  not  possess  that  very  uniform  thickness,  nor  that  smoothness  of 
««irface  which  distinguishes  milled-lead,  or  such  as  has  been  laminated  between 
large  powerftd  rollers,  actuated  by  a  steam  engine  or  other  suitable  prime 
mover.     The  method  by  which  this  is  done  on  the  large  scale  is  as  follows  :— 
A  cauldron,  capable  of  melting  ten  or  more  tons  of  metal  at  a  time,  is  substan- 
tially erected  over  a  common  furnace ;  when  the  lead  is  at  that  temperature 
above  the  melting  point,  which  will  prevent  its  congelation  before  it  has  flowed 
to  the  remotest  part  of  the  mould,  the  vessel  is  tapped  by  the  pulling  out  of  a 
plug ;  this  plug  is  attached  to  a  bent  extremity  of  a  lever  of  the  first  class,  the 
other  arm  of  which  is  loaded  with  a  weight,  that  acts  as  a  compressing  force  to 
keep  the  plug  in  the  tapping  hole ;  a  rope  attached  to  the  end  of  tne  loaded 
arm  of  the  lever,  and  passing  over  a  pulley,  being  pulled  by  a  workman,  the 
plug  is  thereby  easily  withdrawn;  ana  upon  the  workman  letting  go  the  rope, 
the  weight  upon  the  lever  forces  the  plug  into  the  hole  again.     (Owing  to  the 
pressure  of  the  superincumbent  portion  of  the  metal  in  the  cauldron  above  the 
tapping-hole,  the  lead  is  spirted  with  considerable  force  around  the  plug  at  the 
moment  of  its  entering  or  leaving  the  tapping-hole,  which  renders  it  dangerous 
to  persons  standing  within  the  distance  of  a  few  yards  ;  and  as  this  dangerous 
effect  might  eaxily  be  prevented,  we  wonder  that  it  is  not  done ;  such  as  apply- 
ing a  lateral  screen  to  the  tapping-hole,  or  the  plug,  and  making  the  plug,  as  a 
tap-hole,  cylindrical,  instead  of  conical.)     The  metal  is  discharged  into  a  very 
large  square  cast-iron  pan,  laid  perfectly  level,  and  capable  of  holding  a  plate 
«it'  lead  about  an  inch  and  a  half  thick,  and  weighing  about  five  tons ;  when 
cold,  the  cast-iron  pan  or  mould  is  hooked  at  the  comers  to  chains,  in  the 
mar.ner  of  a  scale-board,  and  by  the  assistance  of  a  large  jib  extending  over  it, 
hml  a  powerful  crane,  is  raised  from  its  seat  and  swung  round  upon  a  table  upon 
a  level  with  the  laminating  rolls.     On  this  table,  tlie  plate  is  now  divided  into 
live,  six,  or  more  narrow  plates,  the  numbers  and  dimensions  of  these  depend- 
ing upon  the  size  and  weight  of  the  sheets  to  be  made  from  them.    The  division 
of  the  plate  is  eflected  by  very  rude  means  ;  one  man,  holding  an  ash-rod, 
applies  a  cold  chisel  at  the  end  of  it  to  the  chalk  division  line  scribed  on  the 
jiate.  whiUt  another  workman,  v.ilh  a  sort  of  >]edge-bammer,  made  of  agreatlump 
of  I#-ad,  at  the  end  of  a  long  handle,  swings  it  round  vicorously,  and  gives  the  rhi*.el 
such  hvavy  thumps  as  to  send  it  thruu«:]i  the  thick  plate  of  lead  at  each  blow. 
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The  laminating  roUeri  are  casl-iron  cylinders,  uiuajly  about  elghtren  jncliei 
in  diameter,  and  about  six  Tect  long,  turned  and  ground  to  a  very  true  Hnd 
■mooth  surface;  ibc  loner  roller  turns  in  fixed  bearinga,  but  tbe  upper  in 
adjustable  bearings,  which  ore  acted  upon  by  ■creu's  far  r^giilatiiig  the  diilances 
between  the  roUeri.  The  power  ii  communicated  to  the  lower  roller  Ihrnugli 
the  medium  of  a  revenjng  motion,  which  causes  the  rollen  to  change  the  direc- 
tioni  of  their  respective  rolationa,  according  as  the  sheet  of  lead  may  be  on 
one  side  or  the  other  of  (hem  ;  on  either  of  which  it  is  supported  upon  a  species 
of  table,  from  twenty  to  thirty  feet  long,  the  surfaces  of  which  are  composed  of 
B  series  of  noodeu  bearing  rollers.  The  plate  of  lead  being  introduced  between 
the  cylinders,  is  griped  by  them,  and  forced  through  by  their  revolution :  iha 
plate  ii  thus  extended  by  a  reduction  of  its  thickness,  and  is  received  upon  tha 
bearing  rollers  on  the  surface  of  the  table;  tlie  workmen  on  each  side  of  the 
machine  now  give  the  regulating  screws  a  turn,  by  which  ihe  laminating 
rollers  are  brought  nearer  together;  then  the  motion  of  these  rollen  is  reversed, 
and  the  sheet  of  lead  traverses  hack  through  them  to  the  opposite  side,  wher* 
it  is  received  on  the  bearing  rollers  of  that  table,  considerably  extended;  tha 
rollers  are  again  adjusted  nearer  together,  and  the  motioifof  them' is  again 
reversed  for  the  next  rolling  through  ;  the  operation  being  thus  repealed  until 
the  plate  is  brought  to  the  required  thickness.  When  this  is  done,  the  rough 
edges  are  cut  oft  to  a  straight  line,  end  the  sheet  rolled  up  off  the  table  on  to  a 
truck  adapted  to  the  work,  and  wheeled  away.  Whilst  this  is  being  completed, 
another  plate  of  lead  is  passing  through  the  laminating  rollen  ;  and  whilst  all 
the  plates  of  lead  divided  from  Ihe  great  caat-plaie  before-mentioned  are  being 
laminated  in  the  manner  of  the  lirsl  deacribed,  the  casting  department  of  the 
establishment  is  engaged  in  preparing  to  cast,  or  in  casting  another  great  plate, 
which  is  subsequently  divided  and  ^aced  in  readineas  for  the  continuation  of 
the  laminating  operation. 

The  very  thin  sheet-lead,  with  which  the  tea-chests  from  China  are  lined,  is 
made,  according  to  coiiimon  report,  in  the  following  manner : — A  man  sits  upon 
■  floor  with  a  large  flat  slone  before  him,  and  another  movable  one  at  his  side 
on  a  stand  ;  ihis  fellow- workman  stands  beside  him  with  a  vessel  full  of  melted 
lead,  and  having  poured  out  a  certain  quantity  on  the  large  flat  slone  upon  tha 
floor,  the  other  immediately  lins  the  movable  stone,  and  dashing  it  on  the 
fluid  lead,  presses  it  out  into  a  flat  and  very  thin  plate ;  (he  slone  and  lead 
are  then  quickly  removed,  and  the  operation  renewed,  which  is  repeated  in 
quick  succession.  The  rough  edges  are  afUrwards  cut  off,  and  the  sheets 
soldered  together  for  use. 

TAg  Tirming  of  SkettrLtad  may  be  effected  in  two  ways.  Ftrsl,  place  ihe 
sheet  of  lead  upon  a  hot  stove,  until  it  acquirea  suflicient  heat  to  keep  melted 
tin  poured  upon  it  in  a  fiuid  state;  then  throw  a  little  powdered  resin  over  the 
sheet,  and  when  it  has  melted,  with  a  greasy  rag  rub  the  tin  and  resin  over  ihc 
sheet  of  lead  unlilitiseompletelycovcredwilhlhelin  ;  after  which,  wipe  off  the 
superfluous  matter.  Sfcotidiy,  the  tin  id  the  cold  state,  and  in  small  quantitie* 
at  a  time,  may  be  laid  on  the  plate  of  lead,  carefully  heated  sufficiently  to  tbse 
the  tin,  (but  not  more  so.)  and  bvrthe  help  of  resin  and  limilor  manipulation  to 
the  flrst-mentioned  plan,  ihc  lead  may  be  perfectly  coated. 

Ltad  Pipe. — The  next  article  of  importance  in  the  lead  manufacture  is  pipe 
or  tubing.  There  have  been  various  modes  of  producing  It :  the  original 
mode,  fromsomespecimeniof  very  old  pipe  that  we  have  seen,  appears  lo  hsvo 
been  (he  wrapping  of  a  strip  of  sheet  lead,  villi  parallel  sidea,  round  a  cylinder, 
•o  as  Id  make  their  edges  meet,  and  (hen  unite  them  with  solder.  Tlie  speci- 
mens alluded  to  present  phenomena  worthy  of  notice  in  lliis  place ;  the  lead 
was  full  of  holes,  and  was  corroded  more  or  less  in  every  part,  exce]>t  at  the 
seam,  which  the  solder  had  entirety  prolected;  and  the  solder  itself  was  m 
•ound  and  perfect  as  when  it  first  left  the  plumber's  hands. 

Another  mode  of  making  lead-pipe,  which  probably  succeeded  the  foregoing, 
and  is  still  practised  bv  some  plumbers,  is  the  following:— An  iron  mould  I* 
provided,  which  is  divided  into  halves,  and  forms,  when  put  together,  a  hollow 
rylinder  of  lh«  aitemal  diameter  of  the  extended  pipe  ;    in  this  cylinder  is  put 
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very  slout  cait-iron  cyliiiJfr,  encb  end  v(  wliicli  cnme  to  tlic  ouUide  of  iLk 
vessel,  8t  A  ibort  distance  from  whicli  lliey  were  each  connecled  lo  a  inuU 
rewrvoir  of  walei  to  keep  Iheta  cooL  A  liole  about  half  an  inch  in  diameter 
was  made  in  the  upoer  >ide  of  the  cylinder  thraugli  nhieh  the  latter  wu 
charged  with  the  Buid  metal,  and  the  hole  wai  then  stopped  b;  a  pln^  icretrcd 
down  fruni  above.  The  interna]  diameter  of  ibis  cylinder  wa«  about  MX  inchei, 
and  throuebout  its  lengtb  of  two  feet  iti  surface  was  cut  into  a  screw  thread  ; 
and  into  this  a  lolid  screw  plunger  worked  from  one  extremin',  wbicb  by  its 
revolutioti  gradually  forcfd  the  metallic  fluid  tlirougli  a  mould  and  core  (uied 
■I  the  end,  where  the  pi|<e  was  coustantly  drawti  off  as  it  aolidified  (by  the 
cooling  influence  of  one  of  the  before-mentioned  reien'oirs  of  water)  on  to  a 
drum,  loaded  with  a  weight  upon  its  axis,  wliicb  caused  the  drum  to  luni  ruund 
wiib  just  sufficient  farce  to  wind  the  pipe  upon  it  as  ii  was  formed. 

A  difTercnt  method  of  catting  lead  pipe  controuously,  bei lately  been  patented 
in  the  United  Slates  of  America  by  a  Mr.  Titus,  which  is  thui  described  in 
the  I''nm^li^  Jounial,  with  reference  to  the  subjoined  cut,  which  repteienta  a 
vertical  aection  of  the  essential  porta  of 

the  apparatus.     A  A  is  a  hollow  cylin- 
der of   metal,   bored   out,   so  lliat  it« 

inner  diameter  shall  be  equal  to  (hot 

of  the  pipes  intended  la  be  cast,     its 

length,  for  a  pipe  of  1}  inch  may  he 

about  8  inches.     It  has  a  flanch  on  at 

its   lower  end.      This  tube  givea  the 

form  to  the  outside  of  the  lube  lo  be 

cast.     B  ii  B  plug  or  core,  adapted  la 

the  inside  of  ihe  pipe,   and  made  nf 

iron  or  other  luitable  melal ;  it  must 

he  perfectly  smooth  and  slightly  taper- 
ing, being  amalleit  at  lop.     It  has  a 

flanch  bb  adapted  to  ibe  flanch  aa; 

ibis  flanch  is  perforated  with  a  number 

of  hiJes,  lo  allow  the  fluid  metal  to  pass 

up  into  the  mould.     C  C  is  a  basin  to 

contain  water  standing  up  to  the  dotted 

line//.     D  D  is  a  tube  by  which  the 

melted  melal  is  lo  be  conveyed  tiom 

the  melting-pot  F  into  the  mould.     A 

•top-cock  regulalei   the    flow    of   the 

metal       The  tube  D  D   is  iumiihed 

with  a  flanch  e,  by  which  it  is  con- 
nected with  the  mould.     The  melting. 

pat  may  be  placed  so  high  up,  that  the 

pressure  of  Ihe  melled  metal  will  be  aufiicient  to  force  (he  pipe  from  the  mould, 
a  regular  motion,  as  it  is  cooled  by  the  water ;  this  force  being  regulated 


heat  must  alto  be  applied  at  its  junction  with  the  mould.  Instead  of  elevating 
the  melling-pol,  an  arrangement  may  be  made  fur  making  a  mechanical  prei- 
Bure  upon  the  surface  of  the  lead,  and  thus  to  produce  the  same  effect.  The 
pipe,  as  it  is  forced  off,  may  be  received  upou  a  reel  or  drum  placed  obove  tlie 
mould.  Under  proper  modifications,  which  experience  alone  inual  suggest,  the 
principle  described  in  this  and  Mr.  Hague's  process  may  be  advantageously 
applied  lo  the  accomplishment  of  Ihe  objecl  pmposvd. 

In*  the  application  of  lead  pines  as  coiiduiis  for  beer,  wine,  vinegar,  and  other 
acid  liquors,  aeriout  objections  have  been  madeby  many  acientific  wrilert,  on  the 
ground  that  poisoooua  solutions  of  the  melal  are  thereby  formed.  The  editor 
of  TAt  Chanal,  ohservea  in  Vol.  1.  p.  227,  that  "  wherever  water  kept  in 
leaden  veaaels  ia  allowed  to  come  into  contact  with  air,  the  lead  becomes 
os^dated;  and  though  the  water  his  no  direct  action  on_th«  lead  ilsellj  it  ha* 


tlui  wc  we  liipv;  to  add  hai  been  lupplied  by  ■  sew  proceM.  very  rtemtlj 
palmted  by  Mr.  John  Wkrner,  jun. ;  the  apfcitication  of  wbich  detmbcs 
that  process  to  be  as  follovta : — A  bntb  of  melted  tin  is  prepared  in  a  veue) 
of  a  Builable  form  and  liie,  which  may  vary  sceording  to  llie  size  of  the 
pipe  to  be  tinned,  (or  the  liie  and  ahape  of  any  other  leaili-n  article  to  b* 
tinned.)  The  heat  uf  the  bath  ia  to  be  so  regulated  that  the  metal  shall  continue 
in  afiued  state,  but  not  at  a  higbet  temperature  than  iinecetsary  for  that  purpote, 
lest  the  lead  vhen  imtnencd  should  be  melted  thereby ;  the  heat  may  be  ucbt- 
talned  by  the  dm  of  a  thermometer,  or  a  pyrometer ;  likewise  by  testing  it  by  lucb 
alloys  of  tin  and  lead  as  will  melt  at  certain  giTea  temperaturei,  between  the 
melting  p^iint  of  (in  (or  such  allay  of  tin  as  may  be  Osed  as  a  tubstilule  for  the 
pure  metal,)  and  that  of  lead,  leheti  placed  wider  the  piftutnet  of  a  bath  of  mtiltd 
tin.  This,  the  reader  will  observe,  is  a  very  nice  point,  and  cui  oiJy  be  urac- 
tised  by  great  skill  and  alteuUon  on  the  part  of  the  workmen  ;  for  Bllhough  tin 
melts  at  about  140°  and  lead  at  612*  of  Fahrenheit's  ibermoineter,  yel,  olien 
they  come  together,  an  alloy  is  produced  at  the  immediate  points  or  surface*  in 
contact,  whose  fusibQitv  is  much  lower  than  even  that  of  tin  ;  so  that  when,  by 
mismanagement,  the  heat  is  raised  a  tew  degrees  too  high,  ■  quantity  of  the 
lead  in  (he  form  of  an  alloy  runs  olT  the  pipe  into  tbe  bath  ;  and  if,  dd  the 
contrary,  the  heal  he  suffered  to  fall  a  few  degrees  too  low,  the  tin  is  not  suffi- 
ciently fluid,  and  deposits  itself  upon  the  lead  in  a  thick  and  uneven  voaL 
When  the  pipes  are  lo  be  tinned  all  over,  the  eilernal  surfaces  are  sprinkled 
with  powdered  resin,  and  the  same  material  is  blown  up  the  pipes  so  a*  to  coTcr 
their  inlemal  surfaces  with  it;  a  mixture  of  oil  and  resin  boiled  logellier  ii^ 
however,  preferred  lo  the  lesin  alone.  The  said  mixture  is  lo  be  spread  over  the 
surfaces  of  ihe  lead  pipes  by  any  convenient  means,  and  when  ihey  have  been 
•o  prepared,  they  are  lo  be  passed  thrDUgh,  or  immersed  in  the  beUi  of  inelud 
tin,  which  should  be  covered  witb  fst,  oil,  or  resin,  lo  present  the  oxidation  i>f 
(he  fluid  metal,  and  to  aid  in  tlie  tinning.  But  when  the  pipes  are  to  be  tinned 
on  one  tide  only,  or  partially,  thoae  parts  which  are  lurf  to  be  tinned  are  covered 
witb  a  mixture  of  tamp-black  and  siie,  or  with  any  other  matter  that  will  pr*- 
tent  the  action  of  ihr  tin  upon  the  lead ;  and  tboae  parts  that  are  to  be  liluiGd 
■re  to  receive  tlie  powdered  resin,  or  the  mixture  of  oil  and  resin,  us  beforv 
mentioned.  The  pipes  thus  prepared  are  then  to  be  pasted  through,  or  immcncd 
in  the  bath  of  liquid  tin,  by  which  process  they  wilt  be  tinned  only  in  the  parta 
required.  When  the  pieces  of  pipe  to  be  tinned  ate  of  a  small  site  itiey  maj 
be  easily  managed  by  hand;  but  nlien  they  are  of  considerable  weight  or 
length,  a  rope  and  pulley  is  resortf  d  to,  to  draw  them  tliTou^b  the  tadi  of 
melted  tin :  the  forin  of  the  balb  is  tliat  of  a  segment  of  a  cybnder  having  two 
flat  aides ;  the  chord  of  the  segment  being  the  top  or  open  pari  of  the  vessd, 
where  it  forms  a  parollelogtam  of  about  six  inches  wide  and  two  ieet  loagi 
This  form,  it  will  be  perceived,  accommodates  the  bended  form  of  the  pipes,  to 
dip  in  at  one  end  of  the  vessel,  and  curving  round  tbe  bottom,  to  come  out  kt 
the  other  end  ;  the  tin  thus  flowing  iu  at  one  extremity  of  the  pipe,  and  rtiuning 
out  at  tlie  other.  This  process,  as  we  have  had  occasion  lo  notice,  give*  a  per- 
fect coating  of  tin,  and  fills  up  any  minuie  Gsauret  or  holes  that  there  may  be 
in  the  pipe,  besides  enabling  tbe  manufacturer  lo  give  the  pipe  any  required 
thickness  of  coaling,  by  drawing  it  any  number  of  times  through  the  balb. 
iJul  an  extremely  mmule  quantity  of  tin  covers  the  surface  efleclually,  and  by 
not  impairing  the  flexibility  of  lead,  adapts  it  to  every  purpose  to  which  boib 
lead  pipes  and  tin  pipes  ate  used,  and  at  the  most  liifluig  cost  above  tbftt  «f 

Stnngth  of  Ltadm  Phr*. — Some  experiments  upon  this  important  subject 
were  made  by  Mr.  Jardine,  of  the  Water  Company  in  Edinburgh.  The  metliod 
of  proving  was  to  close  one  end  of  a  piece  of  pipe,  and  then  inject  water  into 
it  hy  means  of  a  forcing  pnmp  Bllached  to  the  other  end,  the  force  or  pressure 
being  measured  by  a  gauge  belonging  to  the  pump.  When  the  water  Irom  the 
injecting  pump  beeiiu  to  press  out  ibe  pipe,  litlle  or  no  alteration  it  obser\'e«<  in 
it  for  some  time.  As  the  operation  proceeds,  however,  the  pipe  gradually  swelll 
lluoughout  ils  whole  lenglti,  until,  at  last,aiinaU protuberance ii observed  riiiiig 


in  the  proceu  of  tinning  lead  pip"  "i^  iheeii.  Tbe  compoiiDd  of  these  n 
being  very  funble,  il  ia  used  u  a  lalder  either  lepBratety  or  both  together.  The 
mixture  ii  made  in  Tsrioui  proportion) ;  the  hril  aolder  il  tvi  to  be  two  pari* 
tin  and  one  pnrt  lend;  and  the  common  aolder,  two  parta  lead  and  one  part 
tin.  Biimulh  combinea  readily  with  lead,  and  afibrda  u  metal  of  a  fine  cloie 
grain,  but  very  hriille.  A  miiiture  of  eight  parti  biimulh,  fire  lead,  and  thrre 
tin,  melt  at  a  heat  below  that  of  boiling  water.  Antimony  forms  a  brilllo 
compound  nith  lead :  nee  the  article  Allot.  Nickel,  cobalt,  maaganege,  ana 
sine,  do  not  unite  wilh  tend  by  fuiion 

LEATHER.  The  Mm  of  animali,  combined  in  a  variety  of  waji  with 
aitringent  and  other  mniier*,  to  adapt  them  to  niiiticrom  purposes  of  utility. 
The  art  of  preparing  leather  ia  very  ancient,  and  a  practised  in  almost  ever7 
country  of  the  world  by  uparly  limilar  pruceaiei.  The  olijecta  obtained  by  tlui  art, 
are.  the  prevention  of  their  destniclion  by  putrefacliun ;  the  rendering  lliem 
■trong,  tough,  durable,  and  impervious  to  moisture  ;  and  in  giving  them  a  bright 
and  beautiful  anpearance  by  dying  and  polishing:  accordine  as  these  qualities 
may  be  required.  The  preliminary  operation  in  making  all  kinds  of  leather, 
is  the  separation  of  the  fleshy  and  other  foreign  matters  adhering  to  the  skin, 
the  aaimat  juicea  retained  in  its  pares,  and  otto  the  cuticle  with  its  hairy  cover- 
ing, excepting  in  those  instances  wherein  the  wool  is  required  to  be  leil  on,  a* 
in  the  case  of  ibcep-skin  mgi.  The  ikini,  after  being  duly  purified,  and  their 
texture  opened  ao  as  tu  adapt  them  to  imbibe  other  matters  in  solution,  are  made 
into  leather  by  two  diSereni  processes,  one  called  lamiing.  and  the  other  lowing  ; 
and  bnth  these  processes  are  aometimes  combined  in  sheep,  goat,  and  deer  skins, 
by  tawing  first  and  tanning  afterwards,  in  a  slight  manner ;  and  a  large  pro- 
portion of  the  tanned  hides  of  the  hone,  ox.  and  other  large  animals,  undergo 
an  operation  called  currying,  to  render  it  fiexible,  and  resist  water.  There  are 
many  trifling  variations  in  the  processes  adopted  by  diSerenl  tanneta  and 
leBiheMressen  with  respect  to  the  same  kind  of  skios,  and  each  kind  is  treated 
dilTerently  in  some  respect,  either  in  consequence  of  its  natural  peciiliarilies,  or 
the  application  to  which  il  is  designed  when  finished.  Our  descripTioiii  will, 
therefore,  apply  to  the  general  mode  of  jiroceeding  in  the  principial  sorts  of 

The  thin  skins  of  cows,  calres,  and  others  of  a  similar  teslure,  are  soaked 
for  two  or  three  days  in  a  pit  of  water  to  free  them  from  dirt,  blood,  and  other 
matters  that  may  slightly  adiierc  to  them.  They  are  then  taken  out,  and  laid 
upon  a  hone  or  beam,  (which  is  usually  a  aemi-cylindrical  piece  of  timber,  or 
the  rib  of  a  whale,)  whereon  they  are  scraped  and  pared,  to  free  them  from 
any  adhering  flesh,  fat,  &c.  The  hides  are  next  immersed  in  a  pit  containing 
milk  of  lime,  wherein  they  are  frequently  stirred,  and  are  allowed  to  remain 
until  the  cuticle  of  the  skin  is  so  far  deatroycd  as  to  be  easily  rubbed  or  pared  off 
along  with  the  hair  to  which  it  ia  connected.  When  this  ia  found  to  be  the 
case,  lliey  are  taken  out,  stretched  upon  tbe  beam,  and  with  a  large  two-handled 
blunt-edged  knife  the  workman  scrapes  off  the  hair.  In  lieu  of  this  liming 
process,  in  some  places,  the  hides  were  formerly  piled  wet  one  upon  another, 
and  covered  over  with  spent  bark,  (or  otherwise  kept  warm  in  what  was  called 
a  amoke-house,)  until  tbe  cuticle  and  ihe  hair  would  readDy  come  off.  The 
absorption  of  lime  in  the  before-mentioned  process  makes  the  skin*  hard  and 
thick ;  to  render  them  supple,  and  prepare  them  for  receiving  the  tan  liquor, 
they  are  thrown  into  a  pit  called  ihe  poke,  or  maslering-pit,  which  contains  a 
quantity  of  putrescent  dung  dtSiised  in  water:  the  dung  of  dogs,  pigeons,  or 
sea-fowl,  is  preferred  for  this  purpose,  that  from  cons  and  hones  not  being 
nafflciently  powerful.  During  the  process  they  are  frequently  well  sliircd, 
and  sometime*  taken  out  of  the  ptt,  piled  up,  and  put  in  again.  Whm 
the  skiui  have  become  perfectly  soft,  they  are  taken  out  of  the  pulrea 
scent  pit,  and  cleansed  on  the  beam,  when  they  are  ready  for  tanning. 
The  large  thick  hides  of  the  ox  or  boar,  intended  for  the  toughest  sole-leather, 
being  not  so  liable  to  sudden  injury  as  the  thinner  skins,  are  frequently  cleared 
of  their  hair  and  other  matter  without  resorting  to  the  liming  proce;?.  Tlicy 
arc  allowed  to  fermenl,  piled  up  in  a  warm  place,  and  tbe  putrefactive  process 


mi  Mr.  Spibbury'i.  Neither  of  theae  gentlemen,  however,  iGcording  lo  out 
inrormation.  have  u  jet  lucceeded  in  hringing-  their  plana  into  practical 
operation,  owing,  we  undentiind,  lo  the  curioui  circumstance,  that  the  preuure 
haa  ■  tendency  to  drive  the  gelatin  out  of  (be  ihin,  and  lo  convert  it  into  s 
very  hard  and  indexible  material,  not  at  all  applicable  to  the  ordinary  uiei  ot 

In  1827,  Mesan.  Knowlya  and  Due«bury  obtwned  a  patent  for  improvement* 
in  tanning,  having  a  aimilai  object  in  view,  and,  oa  it  appears  to  us,  with  an 
arrangement  belter  calculated  lo  succeed.  The  akina  were  to  be  auspend<^ 
verlimly  in  a  large  nir-light  vat.  whicli,  aa  well  as  the  skina,  were  to  he  com- 
pletely exbaiiated  of  air,  previoua  to  aaturating  them  with  the  tan  liquor,  which 
the  slcini  will,  in  eonaequencc,  more  readily  imbibe.  A  laige  aperture,  or  man- 
hole, ii  made  la  the  top  of  the  vat.  for  a  workman  lo  deacend  and  hang  up  the 
tkina,  which  are  atrelched  from  aide  to  aide  upon  hooka,  at  a  regular  diatanoi» 
Apart,  and  kept  in  vertical  and  parallel  poailioni  by  leaden  weighta,  at  their 
lower  edges.  Thia  being  done,  a  weak  infuiion  of  tan  is  admitted,  until  it 
coven  the  hides ;  the  workman  tlien  cloaea  the  man-hole  by  the  cover,  which 
it  rendered  air-light  by  a  proper  packing  upon  ita  rebaled  edgea ;  the  air  ia  next 
sxhausted  by  the  air-pump  as  far  aa  may  be  deemed  neeeiaary  ;  in  lliii  slate 
the  veaael  ia  lo  remain  for  a  day  or  two,  when  the  air  may  be  re-sdmilted  by  a 
■top-cock,  and  the  liquor  pumped  out  through  a  pipe  at  ihe  bottom  of  the 
VeaaeL  The  hides  are  then  to  remain  to  drain,  and  in  contact  with  the  air  for 
a  few  houra,  after  which  a  aecond  infiiaioo  of  tan,  stronger  than  that  fitit  used, 
ia  let  in  to  cover  the  hides,  and  the  process  repealed  as  i>nen  as  may  be  found 
necessary  to  completely  Ian  the  hidea,  increasing  the  atrength  of  the  liquors  at 
every  luccesaive  operation. 

Our  Irnnialtantlc  brethren  are  not  behind  u>  In  altempti  to  improve  the  old 
■yalem  of  tanaing.  In  the  Journal  of  the  FraniLn  Iniliiale,  we  Snd  ihe  fol- 
lawing  specification  of  an  American  patent,  granted  to  Osmond  Cagiwell,  in 
1S31,  which  aeema  to  be  welldeaervingof  the  attention  of  the  British  tanner: — 
"  Tlie  improvemeot  conabu  in  applying  a  solution  of  oak  or  other  bark  to  hides 
or  akini,  in  audi  manner,  as  that  when  the  glutinous  particles  of  the  hide  have 
absorbed  and  become  mixed  with  the  lanning  oi  astringent  principle,  the  other 
part  of  the  solution  (viz.  the  water)  may  past  oSi  and  leave  the  hide  free  to 
receive  more  of  the  aolution,  and  ao  on  lill  it  is  tanned.  The  object  ia  to 
expedite  the  process  of  tanning,  and,  consequently,  to  diminish  the  amount  of 
capital  neceasary  la  be  employed  in  Ihe  business.  The  apparaba,  and  modt  of 
opplieolvm,  a  u  foUowi ;  Make  a  frame  of  timber,  of  a  square  form ;  the  width 
to  be  made  as  great  aa  the  width  of  the  hidea,  paria  of  hides,  or  akins,  ihttt  are 
W  he  tanned;  the  height  and  length  to  suit  convenience.  Near  the  bottom,  or 
ground  of  aaid  frame,  a  light  floor  is  to  be  formed  of  the  length  and  breadth 
of  the  frame;  said  floor  to  incline  to  one  side,  so  aa  to  carry  off'  the  liquor 
after  it  has  passed  through  tbe  bide ;  the  aides  and  endi  to  be  raised  from  two 
to  four  inchea  above  the  floor,  by  fastening  strips  of  plank  on  the  inside  of  the 
frame ;  this  will  appear  like  a  box, — aay  four  feet  wide,  two  iDche*  high  on  one 
side,  and  four  on  the  other,  and  twenty  feet  long ;  (these  boxes  may  be  fixed 
one  above  another,  about  twelve  Inches  apart,  to  the  top  of  tlie  frame;)  said 
boxes  to  b«  filled  with  laadail,  or  any  other  sod  poroua  substance  that  will 
Dot  prevent  the  solution  from  running  through  the  hide,  and,  at  the  same  lime, 
absorb  and  carry  it  off  after  it  haa  paiaed  through,  Un  Ihia  surface  (of  launini') 
the  hides,  sides,  or  skins,  (alter  having  been  prepared  in  the  usual  mode  for 
tanning,  except  that  the  fl»b  is  to  be  taken  off  clean,)  are  to  be  smoothly 
spread  out,  and,  in  order  10  keep  on  them  a  sufficient  quantity  of  llie 
solution,  make  aacba  of  coarae  cotton  or  other  cloth,  an  inch  or  more  in 
diameter;  fill  them  with  tbe  same  material  that  tbe  boxea  are,filled  with, 
and  place  them  around  under  the  edgea  of  the  hidea,  which  will  raise 
aaid  edges  equal  to  the  diameter  of  the  aacks.  After  this  is  done,  pour  on 
the  hidea  aa  much  of  the  solution  as  the  hollow  surface  which  they  wilt  then 
preaent  will  bold,  and  continue  to  fill  them  up  as  it  runs  off  through  tb* 
p«Mrea  of  the  hide  for  the  space  of  from  tlirea  to  fitleen  daya  (the  time  in 
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mkI  to  fix  at  each  end  of  1)m  h.ig  a  charging  vessel  with  a  stop-cock,  or 
8o:nc  oilier  simple  contrivance  to  answer  the  same  purpose  :  the  bags  may  thru 
be  reversed  at  pleasure,  swi noting  them  round  upon  their  axes  into  any  desired 
position,  and  the  lateral  shifting  between  the  bars  will  take  place  of  itself.  If 
there  were  only  one  charsring  vessel  with  a  stop-cock  to  it.  it  would  suffice ;  oa 
by  turning  the  frame  iialf-way  round  it  would  serve  for  a  discharging  aperture. 

Mr.  Jacquemart,  of  Lf^icester  Square,  London,  recently  introduced,  under  a 
patent  riglit,  a  proces'^  of  tanninj:.  which  is  stated  to  be  especially  appliciible  to 
the  skins  of  small  animals,  such  as  hares,  rabbits,  cats,  and  sea  rats.  Upon 
reading  the  specification,  however,  we  did  not  find  any  thing  essentially  different 
from  that  wliich  is  well  known,  and  in  u^e,  except  that  he  adds  a  small  quan- 
tity of  orpimcjit  to  the  other  ingredients  emjdoyed  in  tanning ;  5  or  6  ounces  are 
mentioned  as  a  proper  quantity  for  a  hundred  of  the  small  skins.  lie  com- 
mences the  process  by  n-moving  the  hair  from  the  skins;  first  taking  oft*  the 
long  hair  and  afterwards  the  short ;  and  to  facilitate  this  operation,  lie  steeps 
the  skins  in  water  slightly  acidiilated,  (using  sulphuric  acid,  in  very  small  quan- 
tities,) or  in  the  milk  of  lime;  and  in  either  of  these  the  skins  are  suffered  to 
remain  till  the  matter  which  fixes  the  hair  to  the  hide  is  decomposed.  After 
the  hair  has  been  removed,  the  skins  are  to  be  again  steeped  in  water  contain- 
ing a  very  small  proportion  of  sulphuric  acid,  in  order  to  raise  or  thicken  them. 
The  tanning  is  effected  by  steeping  the  skins  in  an  infusion  of  bark,  wi:h  the 
addition  of  the  or|)iment ;  the  manipulations  being  the  same  as  is  practised  iu 
ordinary. 

Of  the  numerous  substances  employed  in  tanning,  oak  bark  is  the  chief  in 
tliis  countr)',  not  merely  on  account  of  its  suitable  properties,  but  from  its  com- 
paratively low  price,  and  the  facility  with  which  it  may  be  obtained  almost  every 
where.  In  Russia,  where  the  best  of  leather  is  made,  the  bark  of  the  black 
willow  is  preferred,  and  next  to  that,  the  birch  bark.  Chesnut  bark  is  now 
much  esteemed  for  the  purpose.  A  tanner  at  Bern-castle,  on  the  Moselle,  has 
lately  employed  the  myrtle  witli  great  advantage ;  it  is  reported  tliat  by  the  use 
of  it  as  a  substitute  for  oak  bark,  better  leather  is  made  h}*  it  in  much  less  time ; 
a  commission  appointed  at  Treves,  for  the  examination  of  leather  so  tanned, 
reported  that  they  never  i)efore  saw  any  article  equal  to  it  in  quality.  The 
li^cueU  Indtmiriel  has  recently  stated,  that  at  Narbonne,  the  marc  of  grapes, 
after  being  distilled  for  tlie  separation  of  the  alcohol,  had  been  found  a  most 
important  substitute  for  oak  bark  in  tanning.  '  After  the  skins  had  been  pre- 
pared in  the  usual  way,  they  were  placed  in  the  pits  containing  tikc  marc  instead 
of  bark ;  the  skins  were  completely  tanned  in  from  thirty -five  to  forty  da}'^. 
The  expected  advantages  are,  shortening  tlie  pr<icess,  reducing  tlie  cost,  im- 
proved odour,  and  greater  strength.  But  of  all  the  substances  of  recent  intro- 
duction, the  extract  from  the  mimosa,  known  in  commerce  by  the  terms  gitm 
ca/cc/iUt  and  Japan  earth,  is  the  richest  in  tannin  matter.  This  tree  grows  in 
Tast abundance  in  New  South  Wales;  where  j)re])aiatio]i?  have  been  made  f(»r 
making  the  extract  on  a  great  scale  for  the  iMuiiiig  pii)ce*»s.  The  leather  in:ule 
from  it  is  of  a  beautiful  colour,  and  an  excelUnt  qinlify. 

The  experiments  of  Sir  Humphrey  D;\\'y  show,  that  lib.  of  catechu  is  nearly 
ec|ual  to  2i  of  galls,  to  3  of  sumach,  to  7J  of  the  bark  of  the  Leicester  willow,  S\ 
oi  oak-bark,  11  of  the  bark  of  the  Spanish  chesnut,  18  of  elm  bark,  and  21  of 
common  willow  bark,  with  respect  ti^  the  t.-mnin  contained  in  them.  He  observes, 
too,  that  leather  slowly  tanned  in  weak  infusions  of  bark,  appears  to  be  better 
in  quality,  being  both  softer  and  stronger  than  when  tanned  by  strong  infusions ; 
and  he  ascribes  this  to  the  extractive  matter  they  imbibe.  This  principle, 
therefore,  affects  the  quality  of  the  ninfrrial  employed  in  tanning;  and  galls, 
which  contain  a  great  deal  of  tannin,  make  a  hard  leather  \'ory  liable  to  crack, 
from  their  deficiency  of  extractive  matter. 

The  preparing  and  dressing  of  lambs,  sl.eep,  deer,  or<»at.  and  other  thin  hides, 
closel^^  resembles  the  method  used  with  those  of  thicker  or  larger  kind  already 
mentioned,  but  it  usually  forms  a  distinct  branch  of  business ;  and  it  is  one 
that  reouires  much  practical  skill  and  nicety  of  manipulation,  to  produce  goodie 
of  tlie  desired  quality.    The  processes  vary  in  many  parliculara,  according  to  the 
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at  was  formerly  imported  from  the  kingdom  of  Morocco,)  is  distinguislied  into 
two  kinds ;  one  being  made  from  deers'  and  goats'  skins,  which  kind  is  by  far 
the  most  durable  and  beautiful  in  appearance,  and  often  called  "rea/  Morocco;** 
the  other  from  sliccp  skins,  which,  from  being  only  about  one-third  the  price  of 
the  real,  and  being  artfully  made  to  imitate  the  other,  by  the  dressing  and 
finish,  is  most  extensively  used  for  book-binding,  shoes,  coverings  to  desu,  fiir- 
niture,  and  an  infinite  variety  of  purpo.«es.  The  leather  is  thus  made  : — ^The 
skin,  cleansed  and  worked  in  the  way  already  described,  is  taken  from  tlie  lime 
water,  and  the  thickening  thereby  occasioned  is  brought  down,  not  by  bran 
liquor,  as  in  tawing,  but  by  a  bath  of  dogs*  or  pigeons'  dung  diffused  in  water, 
where  it  remains  until  sufficiently  suppled,  and  until  the  lime  is  quite  got  out, 
and  it  becomes  a  perfectly  white  clean  pelt.  If  intended  to  be  dyed  red,  or  any 
other  colour,  the  opposite  edges  of  the  skin  are  brought  together  and  sewed  up 
very  tight,  forming  aa  irregular  close  bug,  with  the  grain  side  of  the  skin  out- 
wards, as  this  side  alone  receives  the  dye ;  therefore,  if  there  are  any  holea  in 
the  skin,  they  arc  also  sewn  up  that  tlie  dye  may  not  get  inside  the  bag  and 
dye  both  sides  of  the  skin.  The  temperature  of  the  bath  should  not  be  greater 
than  the  hand  can  bear,  when  the  skin  bags  may  be  thrown  in,  which  float 
upon  the  surface,  the  dyer  working  tlicni  about  with  a  rod  until  they  have 
imbibed  the  dye  unifonnly.  The  proper  management  of  this  process  requirea 
much  skill  and  experience,  some  colours,  particularly  the  compound,  requiring 
two  or  more  baths  to  obtain  the  required  hue.  The  cochineal  and  Brazil  reda 
arc  usually  passed  through  a  weak  bath  of  saffron,  which  heightens  the  brilliancy 
of  the  colour,  and  gives  an  agreeable  odour  to  the  skins.  After  dyeing,  the 
skins  are  tanned  in  a  large  vat  containing  a  warm  infusion  of  sumach,  woerein 
they  are  kept  for  some  hours,  until  they  are  sufficiently  tanned.  Those  skint 
that  are  intended  to  be  black,  are  first  tunned  in  sumach,  without  any  previous 
dyeing,  as  the  sumach  (or  the  gallic  acid  contained  in  it)  acts  as  a  mordant,  to 
strike  a  black  colour  by  the  addition  of  a  solution  of  iron,  which  is  nibbed  over 
them  by  a  workman  with  a  stiff  brudh. 

The  next  processes  are  polishing  and  graining ;  they  are  performed  either 
by  hand  or  by  machinery,  and  are  technically  called  finUhuig.  When  per- 
formed by  hand,  the  workman  takes  a  skin  and  lays  it  before  him  upon  an 
inclined  mahogany  table,  the  highest  side  of  which  is  upon  a  level  with  the 
workman's  middle,  and  the  opposite  side  about  a  foot  losior,  in  order  that  the 
weight  of  the  body  inav  assist  in  giving  eflVct  to  the  polisiier ;  this  is  a  ball  of 
glass  cut  into  polygonal  surfaces,  with  which  the  workman,  holding  it  between 
his  fists,  rubs  the  suiface  of  the  skin  uniformly  from  the  higher  part  of  the 
table  to  the  lower,  the  weight  of  the  upper  part  of  the  body  being  tlie  principal 
force  applied :  the  skin  being  held  by  its  edges  overhanging  the  highest  aide  of 
the  table  against  which  the  man  presses  during  the  work.  This  polishing  or 
glazing  of  the  surface,  (which  greatly  improves  the  appearance  of  the  article,) 
bcine  done,  the  graining  is  proceeded  in«  For  this  purpose  the  workman 
employs  a  .ball  of  hard  wood,  usually  box  or  ligimm  vitae,  around  which,  equa- 
tonally,  are  cut  a  series  of  equi-distant  parallel  grooves,  producing  thereby  an 
alternating  series  of  projecting  parallel  ridges  ;  with  these  ridges  the  workman 
scores  the  skin  all  over  in  paraTlel  lines,  and  when  that  is  done  he  shifts  the  skin  a 
little,  80  as  to  cross  the  first  lines  at  a  very  acute  angle,  with  his  ridged  ball ;  which 
he  does  uniformly  over  the  skin,  and  thus  produces  a  regularly  corrugated  surface. 

In  the  application  of  machinery  to  the  operations  of  polishing  and  graining, 
the  principal  difficulty  to  be  overcome  was  to  make  the  action  accommodate 
itselt  to  the  varying  thickness,  hardness,  and  texture  of  the  skin  ;  for  the  neces- 
sary quantity  of  force  to  grain  the  firm  parts  of  the  skin,  would,  if  applied  to 
the  tender  parts,  tear  them  ;  and  unless  the  machine  possessed  a  very  sensible 
degree  of  flexibility,  the  prominent  parts  would  get  severely  rubbed  or  struck, 
while  the  depressed  parts  would  not  get  touched,  or  be  but  slightly  acted  upon. 
We  shall  annex  a  description  of  the  earliest  invention  (about  twenty-five  years 
ag(0  for  this  purpose,  which  has  been  in  use  ever  since. 

HebtrVi  Patent  LeaUier-Jiimhing  Machine, — Tliis  essentially  consists  of  a  very 
itiff  circular  frame  or  wheel,  8  feet  in  diameter,  revolving  horizontally  on  a 
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which  the  reader  is  referred  for  the  details;  an  inspection  of  the  drawings 
ip  wluch  inclines  us  to  think  the  machine  may  have  failed  from  two  causes ; 
First,  the  finisher  incurs  great  risks  from  hlows  hy  the  revolving  tools  as  they 
successively  descend  into  the  hollow  curve  wherein  the  skin  is  operated  upon. 
He  has  to  look  down  this  curve  to  see  his  work ;  and  as  Uic  view  is  a  very 
imfavourable  one  for  examination,  he  might  inadvertently  put  his  head  too  near 
and  get  a  fatal  blow.  If  a  guard  were  put  up  to  prevent  such  an  accident,  it 
would  be  in  the  way,  and  obstruct  light  in  a  situation  where  more  is  wanted. 
Secondj  The  necessity  of  extraordinarily  accurate  workmanship  to  make  a  per- 
fect adjustment  of  the  concave  surface  of  the  tabic,  with  the  curve  described  by 
the  revolving  tools.  A  t/iird  objection  will  probably  lie  against  the  direction  in 
which  the  table  is  brought  into  or  goes  out  of  action ;  it  is  made  to  slide  in  a 
horizontal  and  tangential  line  with  the  lower  side  of  the  circle  described  by  the 
toob,  consequently  the  lowev  extremity  of  the  tabic  comes  into  action  first,  which 
must  subject  this  im{)ortant  purt  of  the  machine  to  shocks  very  unfavourable 
to  the  preservation  of  a  perfectly  true  bearing.  We  submit  that  it  would  be 
better  to  make  the  table  move  in  a  radial  line  to  the  centre  of  the  wheel,  or  ut 
the  least,  in  a  taneent  to  a  very  small  inner  circle. 

Splitting  of  Hides  and  Skins. — We  have  already  noticed  that  aflcr  a  sheep 
skin,  or  other  raw  hide,  has  been  cleansed  and  purified  from  all  extraneous 
matters,  it  undergoes  a  scraping  and  paring  of  its  inner  surface  to  give  it  a 
thinner  or  more  uniform  substance  ;  bv  these  processes  the  subsequent  dyeing 
and  tanning  are  greatly  facilitated.  This  reduction  of  the  substance  was  once 
entirely,  and  is  still  partially,  executed  by  means  of  a  knife  in  the  hands  of 
workmen,  some  of  whom  are  so  dexterous  as  to  be  able  at  every  stroke  of  the 
knife  to  take  off  a  shaving  the  whole  breadth  of  the  beam.  The  utmost  exer- 
tion of  ordinary  skill  was,  however,  insufficient  to*  prevent  the  frequent  recur- 
rence of  unlucky  cuts,  by  which  the  value  of  the  skin  was  considerably 
lessened,  and  the  pieces  sliced  or  scraped  off  were  only  applicable  to  the 
making  of  glue.  But  by  the  introduction  of  machinery  to  effect  this  operation, 
the  skin  is  now  divided  thruugliout  its  entire  substance  into  two  parts  of  equal 
extent,  one  of  which  is  subsequently  converted  into  leather,  and  the  other  uito 
parchment ;  at  the  same  time  the  upper  or  huir  side  of  the  skin  is  thereby 
made  smoother  and  of  a  more  uniform  thickness,  which  enhances  its  value. 
During  the  last  forty  years  a  variety  of  highly  ingenious  machines  have  been 
constructed  for  this  curious  and  apparently  difficult  operation.  It  is  now  about 
twenty-seven  years  ago  that  we  saw  a  beautiful  machine  for  this  purpose  at 
work  in  the  extensive  manufactory'  of  the  Messrs.  Bevington,  near  Beimondsey, 
the  peu^liar  or  essential  features  of  which  we  shall  be  able  to  afford  the  reader 
an  idea  of  in  a  few  words. 

Bevington*s  Splitting  Machine. — In  a  stout  A  framing  were  mounted  two 
horizontal  rollers  or  cylinders,  which  were  made  to  revolve  in  opposite  direc* 
tions  by  means  of  pinions  at  one  of  their  extremities  gearing  into  each  other. 
The  lower  roller  was  solid  and  turned  concentrically  upon  its  axis ;  over  this 
roller  the  skin  in  its  wet  state  was  spread  out  across  its  breadth,  with  its  even 
side  next  to  the  roller,  the  uneven  or  flesh  side  being  uppermost.  To  give  an 
uniform  pressure  to  the  uneven  side  of  the  skin,  a  species  of  flexibility  was  con- 
ferred to  the  upper  roller  by  compounding  it  of  a  series  of  circular  metallic 
plates,  like  a  roll  of  penny  pieces,  but  whicli  were  about  half  an  inch  in  thick- 
ness, and  three  inches  in  diameter;  ench  ])1ate  had  two  holefv  one  in  the  centre, 
through  which  passed  a  fixed  axis,  snuiller  than  the  hole,  in  order  that  the 
plates  might  iiave  a  certain  degree  of  pluy  or  eccentricity  of  motion ;  tlie  other 
hole  was  about  midway  between  the  centre  and  the  circumference,  through 
which  a  rod  passed  freely,  the  extremities  of  which  were  so  fixed  to  flanges  at 
the  extremity  of  the  roller  as  to  perform  a  planctar}'  motion  round  the  common 
centre  of  the  plates ;  and  as  the  rod  ]).issed  through  all  the  circular  plates,  they 
were  all  carried  round  with  it,  while  the  centre  of  motion  of  each  individual 
plate,  owing  to  the  play  given  to  them,  were  constantly  being  clianged  in  pro- 
portion to  the  thiekness  of  that  part  of  the  skin  pressed  against  it,  by  the  revo- 
iuiiun  of  the  lower  inflexible  roller.   As  the  skin  emerged  from  the  bite  between 
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Duxiury't  Palral  Skin  Splilliiig  Macliinf. — Mr.  Dary  atalfs  Ihnt  il  liaa  been 
found  Ihat  tlie  parallel  uldei  of  a  cylinder  ore  not  adapted  fur  the  smniith  riten- 
sion  of  a  iVin  upon  tliem ;  and  lliat  the  contequprtce  of  eompm^inf!  it  bGlwNfi 
auch  surfBCCi  is  to  funn  little  wrinkle*,  which  the  straight  knife  cuts  through, 
and  thereby  praducea  holes.  To  obvinle  thia  deferl,  kiid  also  that  of  the  Tiiue« 
produced  by  the  recinTociLtiiig  i^ction  of  the  knife,  «  rnrrely  of  niachinei  ha* 
been  prigecteil,  in  which  the  cutters  partook  of  B  rotalorj  motion ;  but  the 
mechaninil  difficulliea  attending  the  application  of  the  principle  hare  lad  ta 
their  shandnniiient.  Mr  DuXDuiy  haa,  however,  by  a  novel  position  of  the 
ciillert,  and  a  peinliar  fiirm  of  the  bed  over  which  the  ikin  it  laid,  orereotne 
oil  thute  diflicuitie*.  and  the  skins  arc  cut  by  one  conlinniiiig  iitiooth  slice  over 
(he  kIioIc  itirface.  Tlic  iti;ichirie,  u  shown  in  the  subjoined  .-n^taving^.  Fig:  1 


■nd  2,  eaienlially  coniiil  of  agnat  vertical  whrel  A,  17  feet  in  diameter,  com- 
poaed  of  wood,  itrenglhelied  by  iron  arms  ;  the  axle  of  which  luniB  in  plummer 
blocki,  apon  a  strong  framing  1  I.  On  the  peripher)-  of  tbla  wheel  ore  fixed 
twenty-five  thin  plates  of  iteel.  ground  to  a  fine  edge,  and  »o  cloiely  fitted  aa 
to  form  a  complete  ciicular  knife,  projecting  a  short  distance  horiiotilaUg  from 
the  ride  of  the  wheel.  The  ikin  to  be  split  pasaei  over  the  drum  E,  whidi 
instead  of  being  atraight  tided  longitudinally,  hni  a  curved  concavity  of  the 
tame  radiui  ua  the  curve  deicrihed  by  the   revnlving  knives,   or  cuilinncd 
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parts,  such  as  the  head,  tail,  and  shanks,  being  first  taken  ofi^  (which  ia  called 
rounding  the  skin,)  it  is  soaked  in  a  tub  of  water  preparatory  to  shaving,  which 
is  performed  upon  a  beam.     The  beam  is  a  post  fixed  in  an  inclined  position, 
and  faced  with  lignum-vitae,  about  8  inches  broad.     The  knife  is  a  stout  rect- 
angular blade,  awmt  12  inches  long  and  5  inches  wide,  with  two  edges;  one 
end  has  a  straight  handle,  and  the  other  a  cross  handle  in  the  direction  of  the 
plane  of  the  blade.     A  coarse  and  a  fine  grit  whet-stone  are  used  to  bring  up 
the  edge  of  the  knife,  which  is  afterwards  turned  to  a  *'  wire  edge"  by  means  of 
a  steel  instrument,  which  the  workman  constantlv  holds  between  his  fingers. 
The  mode  of  using  the  knife  has  already  been  noticed.    In  order  to  keep  the 
substance  of  the  skin  equal,  the  man  frequently  examines  it  in  the  course  of 
shaving  in  every  part,  by  passing  it  double  between  his  fingers  ,*  and  when  suf- 
ficiently reduced,  he  throws  it  a  second  time  into  a  tub  of  cold  water  to  be 
scoured  and  extended ;  for  this  purpose  it  is  laid  upon  a  stone  table,  to  which 
the  flesh  side  adheres,  and  ia  there  worked  with  the  edge  of  a  small  squaro 
stone  fixed  in  a  handle  :  pumice  stone  is  sometimes  used.     With  a  brush  the 
skin  is  cleansed  from  a  substance  called  the  hloom^  which  all  leather,  tanned 
with  bark,  is  foand  to  contain.     After  bein^  thoroughly  cleansed  and  distended 
while  in  its  wet  state,  it  is  stuffed  with  a  mixture  of  two  parts  cod  oil,  and  one 
part  tallow,  called  dubbing,  which  is  applied  to  both  sides  of  the  skin,  but 
chiefly  on  the  flesh  side.     It  is  then  hung  up  to  dry,  by  which  the  moisture 
evaporates ;  and  the  oil,  which  cannot  be  dissipated  by  mere  exposure,  gra- 
dually takes  the  place  of  the  moisture,  and  sinks  deeply  into  the  pores  of  the 
skin.      The  leather  is  next  boarded  or  bruised,  by  a  grooved  piece  of  wood 
(like  a  crimping  board)  that  is  fastened  to  the  hand  by  a  strap ;  with  this  the 
skin  is  doubled  and  worked  imtil  made  very  flexible ;  it  is  next  "  whitened," 
tliat  is,  lightly  shaved  over  again,  by  which  the  flesh  side  is  well  cleaned,  and  it  is 
brought  into  •  proper  state  to  receive  the  colour  used  in  waxing.     Before  it  is 
waxed,  howerer,  it  is  boarded  a  second  time,  when  it  is  in  that  state  called 
finished  russet,  in  which  state  it  can  be  best  preserved :  therefore,  until  it  is 
wanted  for  sale,  the  subsequent  operations  called  waxing  arc  left  undone.    Tlie 
**  colour,"  or  blacking,  is  a  composition  of  oil,  lamp  black,  and  tallow,  which  is 
well  rubbed  into  the  flesh  side  with  a  hard  brusn,  great  care  being  taken  to 
keep  the  flesh  side  clean.     A  coat  of  strong  size  and  tallow  is  then  laid  on 
with  a  soft  brush  ;  it  is  afterwards  rubbed  with  a  smoothing  glass ;  and  lastly, 
it  receives  the  finishing  gloss  from  a  little  thin  size  laid  on  with  a  sponge. 
After  the  first  coat  of  size  the  skin  is  laid  up  to  dry  and  incorporate,  and  a 
lump  of  hard  tallow  is  rubbed  lightly  over  the  surface ;  the  skin  is  thus  com- 
pletely finished  for  the  consumer;  and  leather  so  dressed  is  found  superior  in 
point  of  appearance  and  durability  to  any  other  method.     The  curriers  also 
blacken  leatlier  on  the  grain  side,  which  is  done  by  nibbing  it  with  a  solution 
of  copperas,  which,  combining  with  the  gallic  acid  of  the  tan,  produces  a 
black. 

Ruma  Leather  is  prepared  in  Russia  by  a  series  of  processes  not  essentially 
differing  from  our  own.  The  tanning  material  is,  however,  seldom  oak  bark, 
the  bark  of  the  black  willow  being  preferred ;  and  where  this  cannot  be  obtained, 
birch  bark  is  the  next  in  request.  Their  dyed  leather  is  usually  red  or  Uack. 
For  the  red,  the  hide  is  first  soaked  in  alum  water,  and  then  dyed  with  Brazil- 
wood. The  black  is  given,  as  usual,  with  an  iron  liquor.  The  leatlier  is  then 
smeared  with  birch  tar,  which  gives  the  peculiar  smell  so  much  prized  (and 
which,  when  used  for  book-binding,  has  the  valuable  property  of  protecting  the 
book  from  worms),  and  is  finished  by  various  other  manipulations.  The  streaked 
or  barred  surface  is  given  to  the  leather  by  a  vtry  heavy  steel  cylinder,  wound 
round  with  wire,  which  makes  the  indentations. 

Sqffian  or  Dyed  Marotptin  LeatheVy  of  excellent  quality,  is  extensively  pre- 
pared at  Astracan  and  other  parts  of  Asiatic  Russia.  Only  bucks*  and  goats' 
skins  are  used  for  this  purpose,  and  the  favourite  colours  are  red  and  yellow. 
The  general  method  of  prepajing  the  pelt  is  the  same  as  in  this  country  for  the 
dyed  Morocco  leather;  that  is,  by  lime,  dog's  dung,  and  bran.  Honey  is  also 
iKitd  after  the  branning.     The  honey  is  dissolved  in  warm  water ;  and  nome  of 
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application  of  an  elaa tic  coating  and  varnish  to  tubatances  of  a  pliable  nature, 
■uch  as  aU  kinds  of  doth,  wh^er  cotton,  linen,  woollen,  or  felt  When  the 
material  is  reouired  to  have  flexibility,  the  composition  is  to  be  made  of  the  fol- 
lowing ingredients : — 

Common  glue  size 8  parts. 

Boiled  linseed  oil ^    » 

Lampblack I     „ 

White  lead,  ground  fine  .    .     .  2    „ 
Pipe  clay,  ditto 2    „ 

These  are  to  be  melted  and  well  blended  together  over  a  fire.  At  first  the 
size  is  to  be  melted«  then  the  oil  is  to  be  added  in  small  quantities  at  a  time, 
next  the  lamp  black,  white  lead,  and  pipe  clay,  during  which  it  should  be  con- 
stantly stirred ;  the  composition  is  then  complete.  'Hie  cloth  being  previously 
strained  upon  frames,  the  composition  is  spread  on  it  evenly  and  smoothly  with 
a  pallet  knife,  working  it  well  therewith  into  the  interstices  of  the  doth,  so  that 
it  shaU  be  thoroughly  saturated  with  the  composition.  The  first  coat  is  dien 
to  be  dried,  either  in  the  air,  or  in  a  warm  room,  by  hanging  up  the  frames,  care 
being  taken  that  they  be  not  exposed  to  much  heat.  When  thoroughly  dried  and 
hard,  a  second  coat  may  be  laid  on  and  dried  in  a  simUar  wav ;  also  a  third,  a 
fourth,  or  a  fiflh,  if  required  of  great  substance,  which  should  all  be  spread  on 
as  smoothly,  and  every  successive  coat  be  hard  before  the  next  is  laid  on. 
This  material,  the  patentee  states,  is  chiefly  intended  for  the  manofadture  of 
patten  ties,  and  therefore  he  cuts  it  into  strips  previously  to  varnishing  it,  and 

S asses  them  between  polished  metal  rollers  to  give  them  a  smooth  even  surface, 
ome  diyine  linseed  oil,  or  other  suitable  varnish  is  then  broshed  over  the 
strips;  mixing  with  the  vanish  any  required  colour  to  give  the  article  tlie 
desired  tint  fhe  next  ooeration  is  the  cutting  up  the  material  into  the  usual 
sizes  for  patten  ties,  ana  finishing  the  same  as  usual  under  a  screw-press 
with  dies. 
For  coach  tops,  and  other  purposes  where  flexibility  is  not  necessanr,  the 

auantities  of  the  pipe  clay,  white  lead,  and  size,  may  be  increased,  acconung  to 
le  nature  and  use  of  the  artide  to  be  manufactured  of  it  For  imoothenrnff- 
down  and  polishing  such  lai^e  pieces  of  the  cloth  as  will  not  pass  through  f£e 
roller  press,  the  common  method  of  rubbing  with  pumice  stone,  tripoli,  Ac  is 
adopted  previous  to  varnishing. 

Hancock*i  Patent  Substitute  for  Leather, — Instead  of  using  doth,  as  in 
Mr.  Gunbv's  patent  just  described,  Mr.  Hancock  merely  hackles  or  cards  the 
fibres  of  muc,  cotton,  &c.  by  which  they  are  drawn  out  into  layers  of  a  auttaUe 
thickness ;  they  are  then  felted  together  in  a  trough  of  water,  and  afterwards 

fressed  between  cylindrical  rollers.  Over  this  fabric,  liquid  caoutchoue  or 
ndian-rubbcr  is  to  be  spread  uniformly  by  means  of  a  spatula.  When  the 
caoutchouc  has  sufficiently  solidified,  it  is  to  be  again  pressed,  then  receive 
anotlier  coat  of  the  resin,  and  again  pressed. 

LEMONS,  Salt  op,  is  the  native  salt  of  sorrel,  ihe  super-oxalate  of  potaahf 
and  is  chiefly  used  to  take  the  ink-spots  out  of  linen.  The  effect  is  produced 
by  the  oxalic  acid  dissolving  with  facility  the  oxide  of  iron  in  the  ink,  on  the 
combinations  of  which  with  the  gallic  acid  the  colour  depends.  It  can  be  used 
without  any  risk  of  injuring  the  texture  of  the  cloth.  * 

LENS,  in  Optics,  a  piece  of  glass,  or  other  transparent  substance,  having  its 
two  surfaces  so  formed  that  the  rays  of  light  have  their  direction  changed  by 
passing  through  it ;  so  that  they  eiUier  converge,  tending  to  a  point  beyond  the 
lens ;  or  diverge,  as  if  they  proceeded  from  a  point  before  the  tens ;  or  become 
parallel,  afler  converging  or  diverging.  Some  lenses  are  convex,  that  is,  thicker 
in  the  middle  than  towards  their  circumferences ;  thore  that  swell  on  botib  sides 
are  called  double  convex  lenses ;  some  are  concave,  or  thinner  in  the  middle ; 
some  are  plano-convex,  or  flat  on  one  side  and  swelling  on  the  other ;  some  are 
plano-concave,  or  flat  on  one  side  and  concave  on  the  o'.her ;  and  lastly,  some 
are  concave  on  both  sides.    According  to  some  upticiaus,  the  greatest  cuametei 
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to  fix  a  dknHmd  al  the  point,  for  cuttiog  tbc  glutei  out  of  ■  Inic  circnlar  &)[un^ 
W  beii^;  Krewcd  on  at  >n.  TLa  Mvcial  tooli  mad  are  adapted  for  ready 
cbaa^ag,  that  tha  operatioiu  nuy  be  performed  with  celeri^.  See  Omc» 
IiinaDiiEHia. 

LEVEL.  An  iutnuDeiitemplojed  for  obtaining  a  line  or  plane  parallel  to  tba 
plane  of  the  hariion.  One  principal  use  of  the  level  ie  to  bod  the  difierenca  of 
elevation  of  two  or  more  planet,  bt  the  purpoiee  of  conreying  water,  cmtlnieling 
rooda,  &c  from  one  place  to  another.  Among  the  rarioui  contrirancei  employod 
for  cunitnicting  inalrunienti  for  finding  the  level,  the  folloving  are  lome  of  tb* 
principal.  The  waitr  letiel,  the  hociiontal  line  by  the  lurfsM  of  the  floid : — The 
molt  tiDiple  kind  i>  nothing  more  than  a  long  wooden  trougb,  filled  with  water, 
(uchaiisdewribedby  Vitruriu>,uDderthenameDfthecAami(ifn.  Another  lerel 
of  this  kind  coneiets  of  Ivo  cupa,  fitted  to  the  endi  of  a  etraight  cylindrical  tube,  ' 
of  an  inch  in  diameter,  and  three  or  four  feet  long,  by  which  the  water  freely 
communicalea  from  one  cup  to  the  other;  the  tube  ii  movable  on  ite  itand  by 
meanj  of  a  ball  and  iocket,  and  thui  the  lurfacee  of  the  water,  when  the  cupa 
are  equally  full,  ibow  the  line  of  level.  Two  glata  cylinder!,  of  three  or  four 
incbei  in  leaglh,  may  be  lubatituled  initead  of  the  eapt,  btbic  batenad  with 
wax  or  naittc  to  the  endi  of  the  tobe :  thii  machine  ihcnld  be  fiBed  With 
coloured  water.  A  ver^  limple  quickailver  level,  invented  we  beUere  li^ 
Hi.  Pukcr,  of  Sweeny,  i>  delineated  in  the  annexed  cut,  which  it  ii  Mid  ■• 


lueh  luad  in  th*  nocth  of  Eog:]and  for  irrigation,  drafaibig,  Ac.  anddoeanot 
lit  aa  many  ddUhlgt  ai  the  oinal  fnilniment  employed  coeti  of  ponnda.  a  a 
■e  two  fiinneU  or  b«whii  caat  in  iron  from  the  lame  mould,  their  lower  endt 
i  are  made  rylindrieal,  and  bored  so  a»  to  be  nf  exactly  eqnal  diameter* ;  the^ 
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A  plummet  beinff  impended  from  the  top  of  the  upright  piece  shows  that  the 
base  is  horiaontal  when  its  line,  and  the  line  drawn  from  the  point  of  suspen- 
sion, exactly  coincide.  The  masoiit  level  is  composed  of  three  pieces,  (rained 
together  in  the  form  of  an  isosceles  triangle.  From  the  vertex  of  this  a  plummet 
is  suspended,  which,  when  it  hangs  directly  over  the  mark  in  the  centre  of  the 
base,  mdicates  that  the  base  is  exactly  in  the  line  of  level. 

LEVELLING.  The  art  or  act  of  finding  a  line  or  plane  pArallel  to  the 
plane  of  the  horizon.  The  uses  to  which  this  art  applies,  are  the  determining 
the  height  or  depth  of  one  place  with  respect  to  another ;  the  laying  oat  3t 

Sounds,  regulating  descents,  conducting  water,  &c.  It  is  necessary  to  premise 
at  two  or  more  places  are,  strictly  speaking,  on  a  level,  when  they  are  equally 
distant  from  the  centre  of  the  earth ;  and  a  line,  of  which  all  its  constituent 
points  are  equally  distant  from  that  centre,  is  called  the  line  of  true  level.  But 
this  line,  consistently  with  the  round  form  of  the  earth,  must  evidently  be  a  curve, 
similar  and  parallel  to  the  earth's  circumference,  and  concentric  with  it.  But 
the  line  of  si^ht  employed  in  such  operations  as  are  not  on  an  extensive  scale, 
differs  from  the  line  above  described,  being  in  effect  a  right  line  or  tangent  to 
the  earth's  circumference,  and  is  called  the  apparent  line  of  leveL  But  Uiis  dif- 
ference, as  we  have  already  remarked,  need  not  be  attended  to  in  operations 
upon  a  confined  scale,  such  as  sinking  of  drains,  paving  of  walks,  or  conveying 
water  to  short  distances,  &c. ;  but  where  the  operations  are  required  to  be 
carried  to  a  considerable  extent,  such  as  the  construction  of  canals  of  many 
miles  in  length,  the  distinction  between  the  true  and  apparent  level  must  necea- 
sarily  be  attended  to.  The  difference  between  the  true  and  apparent  level  may 
be  readily  found  from  a  property  of  the  circle,  demonstrated  uy  Euclid,  {EUm, 
Book  III.  Prob.  36.)  In  one  mile  this  excess  of  the  apparent  above  the 
true  level  will  thus  be  found  to  be  7.9618,  or  almost  eight  inches.  Hence, 
proportioning  the  excesses  in  altitude  according  to  the  square  of  the  distances, 
the  following  table  is  obtained,  showing  the  height  of  the  apparent  above  the 
triie  level  for  every  one  hundred  yards  of  distance  on  the  one  hand,  and  from 
a  quarter  of  a  mile  to  fourteen  miles  on  tlic  other. 


DifUBce  ia  Yards. 

DilTerence  of  kvel 
in  Inches. 

DitUnce  in  Miles. 

Difference  of  level 
in  Feet  anct  Inches 

100 

.026 

i 

0.0| 

200 

.103 

1 

s 

0.2 

300 

.231 

i 

0A\ 

400 

.411 

1 

0.8 

500 

.643 

2 

2.8 

600 

.925 

3 

6.0 

700 

1.26 

4 

10.7 

800 

1.645 

5 

16.7 

900 

2.081 

6 

23.11 

1000 

2.570 

7 

32.6 

1100 

3.110 

8 

42.6 

1200 

3.701 

9 

53.9 

1300 

4.344 

10 

66.4 

1400 

5.038 

11 

80.3 

1500 

5.784 

12 

95.7 

1600 

6.580 

13 

112.2 

1700 

7.425 

14 

130.1 

This  table  is  adapted  to  several  useful  purposes.  Thus,  frtt,  to  find  the 
height  of  the  apparent  level  above  the  true  at  any  distance.  If  the  given  dis- 
tance is  in  the  table,  the  correction  of  level  is  found  on  the  same  line  with  it;  thus, 
at  the  distance  of  1000  yards,  the  correction  2.57,  or  2|  inches  nearly ;  and  at 
the  distance  of  10  miles  is  66  feet  4  inches.    But  if  the  exact  distance  ia  not 


M  LEV£R. 

drde  to  radius  e  d,  and  let  it  be  divided  into  90  degrees;  «j^  a  plumb  Mom 
falUng  from  the  centre  C  hh,  two  Mghta.     If  through  kh  the  top  of  any  object 
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be  observed,  the  plumb-line  ejg  will  cut  off  the  number  of  degree  jf,  con- 
tained by  the  angle  of  elevation.  The  proof  is  very  evident  Let  him  he  the 
horixontal  line,  to  which  ejy  will  always  fall  perpendicular;  and  since  I  em  is 
a  right  angled  triangle,  (Eitclid  vi.  8.)  Lfy'  =L  elm  =  Lof  elevation.  The 
instrument  may  be  closed  as  N,  and  carried  in  the  pocket 

LEVELLING  STAVES,  or  poles,  are  those  employed  in  levelling,  serving 
to  carry  the  marks  to  be  observed,  and  at  the  same  time  to  measure  tue  height 
of  those  marks  from  the  ground.  They  usually  consist  of  two  mahoeany  staves, 
10  feet  long,  in  two  parts,  that  slide  upon  one  another  to  about  5^  feet,  for  the 
greater  convenience  of  carriage.  They  are  divided  into  1000  equal  parts,  and 
numbered  at  every  tenth  division  by  10,  20,  30,  &c.  up  to  1000 ;  and  on  one  side 
the  feet  and  inches  are  also  sometimes  marked.  A  vane  slides  up  and  down 
upon  each  set  o*"  these  staves,  which,  by  the  pressure  of  springs,  will  remain 
stationary  at  any  part.  The  vanes  are  about  10  inches  long,  and  4  inches 
broad ;  the  breadth  is  first  divided  into  three  equal  parts,  the  two  extremes  are 
painted  white,  the  middle  space  divided  again  into  tnree  equal  parts,  which  are 
Jess ;  the  middle  one  of  them  is  also  painted  white,  and  the  two  other  parta 
black ;  and  thus  they  are  suited  to  all  common  distances.  These  vanes  nave 
each  a  brass  wire  across  a  small  square  hole  in  the  centre  which  serve  to  point 
out  the  height  correctly,  by  coinciding  with  the  horizontal  wire  of  the  telescope 
of  the  level. 

LEVER.*  One  of  the  mechanic  powers,  or  elements  of  machinery.  It  la 
usually  defined  an  inflexible  bar,  movable  round  a  fixed  point  of  support, 
denominated  tlie  fulcrum.  There  are  three  kinds  of  levers,  distinguished  by 
the  relative  positions  of  the  power,  weight,  and  fulcrum.  In  levers  of  the  first 
kind,  the  weight  is  applied  at  one  end,  the  power  that  is  to  move  it,  at  the 
otheTi  and  the  fulcrum  between  tliem.  In  /T//.  1,  on  the  next  page,  which 
repments  a  lever  of  this  kind,  W  is  the  weight,  V  the  power,  and  F  the  fulcnim ; 
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let  the  kmger  ann  a  6  be  12  feet,  and  the  shorter  a  c,  2  feet,  then  will  Urn 
power  be  to  the  weight  as  2  to  12 ;  that  is,  a  power  of  50  will  balance  a  weight 
of  300  lb.  If  the  weight  300  be  multiplied  by  the  arm  a  c  =  2,  it  will  give  a 
product  of  600, 'the  same  as  the  50  lb.  multiplied  by  the  arm  a  6  =  12.  This 
18  constantly  the  case,  that  the  power  multiplied  by  its  perpendicular  distance 
from  the  fulcrum  is  equal  to  the  weight  multipliea  by  its  distance  from  the 
same  point  In  levers  of  the  third  kind,  in  which  the  power  is  nearer  to  the 
fulcrum  than  the  weight  is,  a  loss  of  power  is  sustained,  but  this  is  amply  comr 
pensated  in  the  increased  velocity  that  is  obtained.  In  this,  as  in  the  oUier 
levers,  is  clearly  evidenced  that  important  truth  in  Mechanics,  that  in  eveiy 
case  in  wliich  power  is  increased  velocity  must  be  diminished. 

In  levers  of  the  first  kind,  the  pressure  on  the  fulcrum  is  equal  to  the  sum  of 
the  forces  acting  upon  it,  and  in  the  second  and  tliird,  to  the  dmerence  between 
them.    Sometimes  a  number  of  Jc•^.^  j^ 

forces  may  be  applied  at  once, 
as  in  Fig.  7.  In  this  case,  equi- 
librium will  obtain,  when  the 
products  formed  by  multiplying 
each  weight  by  its  distance  from 
the  fulcrum,  are  equal  on  each 
aide.  When  a  series  of  levers  are  made  to  act  on  each  other,  they  constitate  a 
compound  lever,  as  in  Ftg,  8.    The  power  obtained  by  this  lever  is  calculated 
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in  the  same  way  as  the  simple  lever.  Suppose  each  of  the  longer  arms  to  be 
twice  as  long  as  the  shorter  ones,  then  a  weight  of  10  lb.  suspended  to/jF,  will 
counterbalance  20  lb.  suspended  to  ef.  If,  instead  of  suspending  a  weight  to 
the  arm  e/,  it  be  made  to  act  with  its  force  of  201b.  on  the  arm  e  d,  \X  will 
support  a  resistance  of  40  lb.  at  e,  this  40  lb.  acting  on  6  c  will  sustain  80  lb.  aus- 
pended  to  a.  Hence  it  appears  that  in  levers  of  this  description,  the  power  is  to 
the  weight  or  resistance,  as  the  continued  product  of  the  snorter  arms  is  to  tlie 
continued  product  of  the  longer.  The  applications  of  the  levers  are  exceedingly 
numerous.  Levers  of  the  nrst  kind  may  be  seen  in  the  use  of  a  poker  in 
stirring  the  fire — in  balances  and  stcelyards^in  scissors  and  snuffers,  m  which 


the  rivet  forms  the  fulcrum.  A 
crow  bar  may  be  used  cither  as  a 
lever  of  the  first  or  second  kind, 
as  in  the  accompanying  sketches. 
The  bent  or  angular  lever  may  be 
seen  in  the  action  of  a  hammer  in 
drawing  a  nail,  /^.  10.  The  handle 
of  the  hammer  being  the  longer 
arm,  and  the  distance  from  the  nail 
to  the  point  onjwhich  the  hammer 
rests,  tne  shorter  arm.  Levers  of 
llie  second  kind  may  be  seen  in  n 
pair  of  bellows— in  oars  used  in 
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LETITT,  in  Natval  FUdMfb,  «  ibtf  npaond  Dranstr  of  ft  bodj  W 
«IU  it  a  «U  to  be  ka  Vi^fatr  ^  •"»'>"  >»'t>  >ii^^  Wk ;  Inte  ■ 
^■M— jfthewiiwf  tBg«n^.  Tini  caik,  nd  ah  ihoB  nbrtuMilkat  IdNt 
•■Ai^rihMar  th*wattT,h»raUntrwilfan^«cttD  ika  iota;  siaalbw 
■■J^  ft»r  M»  If  h— »y  Am  Al  faij. 

LKTDEM  FHIAL,  in  Ebdridty,  ii  >  ^an  phial  «•  jar,  oMtod  nlUi 
■ii  ^id  wi&oqt  '■idi  lia  Cgi^  ar  kow  oilier  eoaducdng  Mibaln«a^  m  m  I* 
hao^M*  of  icuciiiug  and  KUining  «n  electric  ehaife  fw  the  piij*—  •! 

tlOHT  h  Alt  pJMyla  cr  whato»e>  which  wttdw  aMarti  pwciflibla  t> 
iv  Man  cf  Mog.  It  H  k  adject  ^poaBilj  bat  Ktde  mtdentood,  nd  npoa 
wUdi  o^ott*  are  ai  much  dindad  ■■  tnj  of  the  moat  abttiOM  ml^ccta  of 
rhilwnphiral  iB^my.  Some  cosBder  light  ■■  a  ftud  material ;  othni  legwd 
ilHa  "likatianjrapa^aledfRioi  UiebinuDaat  bodjibrough  a  nibt^  etbenol 
■I  diiiiB."  ftc  The  hmita  and  dedgn  of  this  work  equally  prrdnda  Om 
iBMKian  of  ^t  flztendcd  aitide  oa  the  Tsrion*  hypotheaii  that  have  baen  pco- 
atdgaled  on  dua  iiitenatuig  lubject.     See  Omci. 

LIGHTER.  A  ta^e,  open,  flat-bottomed  venel,  employed  t«  unload  at 
fi^tai  *  ridp,  and  lo  convey  the  goodi  theie&om  to  their  deitinattoD ;  e>pe- 
tid^  when  theie  it  not  nifficient  depth   of  water  fbi  the  ihip  to  proceed 

LIGUT-ROOH.  A  nnalt  loon  in  a  ihip  oT  war,  having  double  glated  win- 
dewa.  throDch  wbidi  Usht  >*  admitted  into  the  powder  magaiiue. 

UGHTHOUSE.  A  tower  <w  other  lofty  boildine  erected  upon  tome  head- 
laid  or  lock  of  (he  tea^oait,  the  apper  part  of  which  ii  brilliantly  illuminated 
dmng  the  night-time  to  guide  tbip*  in  their  coune,  or  warn  them  of  con- 
ligaoya  danger.  The  fire-heaconi  or  towerv  uKd  for  thii  purpoie  by  the 
ascienta  were  dedicated  to  the  godi,  and  aacrificei  were  regululy  oflered  up  to 
il^doco  aafety  to  the  marinen.  Af  a  knowledge  of  the  leiencea  increaied, 
tbif  bt^*""  ealahliihmenta  tor  the  inatruction  of  youth  in  navigation  and 
aMmomr.  We  have  only  very  imperfect  account*  of  the  conttruction  of 
Acae  bwIdilWB,  bnt  they  appear  to  have  coniitted  of  a  large  tower  of  maMiniy, 
Mnatimea  of  a  circular  form,  but  more  commonly  iquare,  fioiahed  on  the  top 
with  a  battlement  and  containing  variou*  apartment*.  The  lire  wa«  kept  in  a 
bi^  Md  peculiar  kind  of  chaEog  diih.  To  the  early  navigators  the  Ewquent 
NBBKnca  of  tbe*e  buildingt  was  abtolntely  neediul,  a*  tbey  were  deatitute  of 
tta  ccMpaai  or  any  other  guide,  and  were  under  the  necew^  of  kaeDinsneor 
*•  Am%  and  were  cmuequendy  in  great  danger  from  rocka  and  aboaU.  Theae 
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towers  also  formed  a  considerable  part  of  the  fortifications  of  the  early  ages . 
and  before  the  invention  of  making  distant  signals,  the  watchmen  were  fur- 
nished with  large  sea-conchs,  which  thev  sounded  from  the  battlements  to  warn 
the  mariners,  or  to  alarm  the  country  m  the  case  of  an  enemy.  These  fire- 
towers,  which  were  once  thickly  scattered  along  the  shores  of  the  Mediter- 
ranean and  the  Red  Seas,  became,  in  time,  scenes  of  the  most  horrid  outrages ; 
thus  pcr\'erted  from  their  original  beneficial  uses  to  the  most  baneful  purposes, 
they  were  more  dreaded  than  the  dangers  of  the  navigation ;  consequently  tliey 
fell  into  disuse  and  decay,  and  gradually  disappeared. 

The  most  extraordinary  of  ancient  structures  of  this  kind  was  the  Pharos  o: 
Alexandria,  built  on  a  small  island  at  the  mouth  of  the  Nile,  whence  the  word 
pharos  has  since  been  considered  as  synonymous  with  lighthouse.  It  was 
erected  by  Sostrates  with  such  great  magnificence,  that  it  is  said  to  have 
cost  Ptolemy  Philadelphius  eight  hundred  talents  of  gold.  It  had  several  stories 
raised  one  above  anotner,  adorned  with  columns,  baUustrades,  and  galleries,  of 
the  finest  marble  and  workmanship.  On  the  top  a  fire  was  kept  constantly 
burning,  which,  according  to  Joscphus,  was  seen  at  the  distance  of  300  stadia, 
or  about  42  English  miles.  The  famous  Colossus  of  Rhodes  served  also  as 
a  pharos.  The  buildings  which  have  in  modern  times  replaced  these  ancient 
structures  on  the  shores  of  the  Mediterranean,  &c.,  are  far  inferior  to  those  of 
our  own  country  ;  and  as  our  limits  will  not  allow  of  an  extended  view  of  the 
latter,  we  shall  confine  our  account  to  the  three  most  remarkable  lighthouses  on 
the  British  and  Irish  coasts;  naniely,  that  on  the  Eddystone,  tliat  on  the  Belli 
and  that  on  the  South  rocks. 

I'hc  Eddystone  lighthouse  is  situated  at  the  entrance  of  Plymouth  Sound, 
upon  an  extensive  reef  of  rocks  well  known  to  mariners  as  the  Eddy-stone 
(a  name  sufficiently  significant  of  its  dangers),  lying  at  the  distance  of  9|  miles 
from  the  Ram-head  or  nearest  point  of  land.     The  many  fatal  accidents  which 
happened  on  these  rocks,  rendered  it  veir  desirable  to  erect  a  lighthouse  on  the 
stpot ,  but  the  numerous  and  apparently  msurmountable  diflicultics  of  such  an 
undertaking  prevented  the  attempt  till  the  year  1696,  when  Mr.  Winstanley 
undertook  and  accomplished  this  important  object,  though  it  was  the  work  of 
four  years.     A  violent  storm,  however,  in  1703,  destroyed  every  vestige  of  it, 
except  some  irons  that  were  fastened  in  the  rock.  It  was  rebuilt  in  an  improved 
form  by  John  Rudyerd,  a  linen  draper  of  Ludgate  Hill,  London.  This  building 
was  of  wood,  in  form  the  frustrum  of  a  cone ;  it  was  formed  of  71  upright 
beams,  united  together  by  being  bolted  to  circular  kirbs  of  wood  placed  within 
side,  and  upon  which  the  floors  were  framed.     Mr.  Rudyerd  made  his  building 
quite  plain,  without  the  least  projection  or  ornament  on  which  the  water  could 
act  when  dashing  against  it     The  building  was  fitted  up  quite  solid  for  19  feet 
from  the  lowest  point  of  the  rock,  and,  excepting  the  well  for  the  stair-case,  was 
solid  to  the  heigfit  of  37  feet.     The  solid  was  formed  of  three  beds  of  moor- 
stone,  with  strong  floorings  of  timber  between  each  bed,  to  unite  them  with  the 
external  uprights.     The  whole  erection,  in  addition  to  the  weight  of  this  stone, 
(which  was  about  280  tons,)  was  secured  to  the  rock  by  36  iron  cramps.  In  the 
centre  of  the  building  a  strong  mast  was  erected,  secured  by  2  cramps  to  the 
rock  at  the  bottom,  and  rising  above  the  solid  to  the  height  of  48  feet,  being 
united  to  the  framing  of  each  floor  it  passed  through,  and  thus  forming  a  cen- 
tral ajcis  to  strengthen  the  whole.   'J'his  building  had  some  repairs  of  its  timbers 
in  1723,  and  again  in  1744;  but  it  showed  itself,  during  the  buffetings  of  the 
sea,  for  49  years,  to  be  of  a  very  excellent  construction.     It  was  destroyed  by 
fire  in  1755.     In  1756  Mr.  Smeaton  was  employed  to  rebuild  it.     From  the 
great  uncertainty  of  the  weather,  every  stone  was  so  contrived  that  it  was  of  itselt 
m  a  condition' to  resist  the  wash  of  the  sea,  even  when  it  was  immediately  laid. 
Each  stone  had  one  or  two  holes  drilled  through  it  before  it  lefl  the  work  yard ; 
and  this  hole  being  continued  a  few  inches  into  the  rock,  or  the  stone  beneath, 
a  strong  tree-nail  was  driven  through  it  to  pin  it  fast  to  its  place :  dovetails  were 
also  cut  in  the  edges  of  each  stone  to  connect  them  by  oaken  wedges,  which 
secured  the  joinings  whilst  the  mortar  or  cement  was  hardening ;    and  as  a 
further  precaution  against  the  latter  being  effected  by  the  weather,  all  the 
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LIGHTNING.  Tlic  explosion  of  the  electric  fluid  in  the  atmosphere 
LIGHTNING  CONDUCTORS,  are  pointed  ractallic  rods  fixed  to  tho 
upper  parts  of  buildings,  to  secure  them  from  strokes  of  lightning.  They  were 
invented  and  proposed  by  Dr  Franklin  for  this  purpose,  soon  ahev  the  identity 
of  electricity  and  lightning  was  ascertained ;  and  they  exhibit  a  very  important 
and  useful  application  of  modern  discoveries  in  this  science.  This  ingenious 
philosopher  naving  found  that  pointed  bodies  are  better  fitted  for  receiving  and 
throwing  off  the  electric  fire  than  such  as  are  terminated  by  blunt  ends  or 
flat  sur&ces,  and  that  metals  are  the  readiest  and  best  conductors,  soon  dis- 
covered that  lightning  and  electricity  resembled  each  other  in  this  and  other 
distinguishing  properties ;  he  therefore  recommended  a  pointed  metallic  rod  to 
be  raised  some  feet  above  the  highest  part  of  a  building,  and  to  be  continued 
down  into  the  ground,  or  the  nearest  water.  The  lightning,  should  it  ever 
come  within  a  certain  distance  of  this  rod  or  wire,  would  be  attracted  by  it,  and 
pass  through  it  in  preference  to  any  other  part  of  the  building,  and  be  conveyed 
into  the  earth  or  water,  and  there  dissipated  without  doing  any  damage  to  the 
building.  Many  facts  have  occurred  to  prove  the  utility  of  this  seemingly 
trifling  apparatus.  Some  electricians  have  objected  to  the  pointed  termination 
of  this  conductor,  preferring  rather  a  blunt  end,  on  the  supposition  that  a 
point  invites  the  electricity  from  the  clouds,  and  attracts  it  a  greater  distance 
than  a  blunt  conductor. 

Although  the  application  of  lightning  conductors  to  buildings  on  shore  is 
always  judicious,  and  their  advantages  very  apparent,  yet  on  ship-board,  where 
the  effects  of  lightnine  are  most  to  be  dreaded,  the  introduction  of  this  means 
of  defence  has  been  slow  and  imperfect.  The  conductor  hitherto  employed  at 
sea  consists  of  long  flexible  chains  or  links  of  metal,  about  a  quarter  of  an  inch 
thick,  sometimes  of  iron ;  those  employed  in  the  British  navy  are  however  of 
copper ;  they  are  usually  packed  in  a  box,  and  are  intended  to  be  set  up  from 
the  mast-head  to  the  sea  when  occasions  require,  so  that,  as  observed  by  Mr. 
Linger  in  his  excellent  work  on  electricity,  partly  from  inattention,  and  partly 
from  prejudice,  they  frequently  remain  in  the  ship's  hold  during  long  and 
hazardous  voyages  quite  unemployed ;  a  remark,  the  truth  of  which  is  but  too 
frequently  verified  in  the  damage  so  constantly  happening  at  sea  during 
lightning  storms.  The  necessity  of  providing  the  best  possible  security  against 
the  effects  of  lightning  on  ship  board  has  been  long  admitted  ;  but  continuous 
and  fixed  metallic  rods  have  been  deemed  inapplicable  to  ships  in  consequence 
of  their  masts  (the  only  parts  to  which  they  can  be  attached)  being  exposed  to 
chances  of  injury,  to  motion  in  a  variety  of  ways,  to  frequent  elongation  and 
contraction,  axii  to  the  necessity  which  frequently  ari^^es  for  removing  the 
higher  masts  altogether  and  placing  them  on  deck.  It  was  probably  from  these 
causes  that  the  small  flexible  chains  or  links  above  mentioned  were  employed. 
Such  conductors,  however,  will  probably,  on  examination,  be  found  less  appli- 
cable than  fixed  continuous  lines  of  metal,  and,  in  every  point  of  \iew, 
inefficient  substitutes  for  them.  Their  great  want  of  continuity,  as  well  as  their 
want  of  mass  and  surface,  is  very  unfavourable  to  the  transmission  of  severe 
explosions,  the  electric  matter  becoming  sensible  at  the  points  of  junction,  as 
is  evident  by  the  sparks  which  appear  upon  them  at  the  time  of  the  discharge, 
80  that  in  some  instances  they  have  been  actually  disunited  ;  they  are  likewise 
objectionable  as  being  liable  to  every  species  of  injury  incident  to  a  ship's 
rigging,  and  much  ditfaculty  is  experienced  in  keeping  them  in  their  position 
and  unbroken,  more  especially  during  gales  of  wind,  and  at  night,  when  the 
ship  is  under  sail,  and  when  it  is  perhaps  required,  as  is  already  observed,  to 
remove  some  portion  of  the  higher  masts.  It  has  therefore  been  long  con- 
sidered desirable  to  apply,  if  possible,  a  permanent  conductor,  which  should  be 
always  in  its  place  and  ready  for  action  ;  and  various  attempts  have  been  madci 
and  suggestions  advanced  at  different  times,  to  apply  fixed  lightning  conductors 
in  ships,  as  the  subject,  from  time  to  time,  has  demanded  further  consideration. 
To  protect  a  ship  effectually  from  danmge  by  lightning,  it  is  essential  that  the 
conductor  be  as  continuous  and  as  direct  as  possible,  from  the  highest  point  to 
the  sea,  that  it  be  pennancntly  fixed  in  the  masts  throughout  their  whok 
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m  m  li  iteil  of  Hm  motion  of  on*  portion  of  iht  mmi  opon  mothir; 

mm  of  Ao  noMUfol  of  any  port  of  the  mait^  together  with  the  condnetor 

to  il^  other  from  aeeident  or  detini,  the  lemoining  portion  ahonld  itiD 

"  wd  ecnifilait  to  tnntmit  on  electrieol  ditchotge.    To  fulfil  theeo 

Mr.  W.  X«  Hanii,  of  the  Pljmoath  Institotion  (to  whcne  Talneble 

«■  fBkm  inUMl^  eoBlrinod  in  o  recent  number  of  Jameton**  EdMwyk 

\        Xmrna^  w  no  ioiwhtod  to  the  prerions  remarks),  haa  recommended  piecea  of 

'^ftom  OBO  ejghfh  to  ooe-eixteenth  of  an  indk  thick,  and  ahout  two 

id  TBijiqg  from  dx  indies  to  one  inch  and  a  half  in  hreadth,  be 

iho  matte  in  two  laminsp,  one  over  the  other ;  the  butts  or  joints 

oao  Mng  oofond  hf  the  central  portions  of  the  other.    The  laminss 

bo  litoltad  tiigttbor  at  the  butts,  so  as  to  form  a  long  elastic  continuous 

;  dm  wMe  condnetor  to  be  inscnrted  under  the  edges  of  a  neat  groove, 
fl— |AodkngiHiiWnal1yin  iho  aft  side  of  the  different  masts,  and  secured  in  ite 
mmSamk  hf  wrought  coppv  nails,  so  as  to  present  a  fair  sur&ce.    The  metallio 
■w  lima  eoBBtraiBtod  wiH  tiion  pom  downward  from  die  copper  spindle  at  tho 
amt-hood,  along  tho  aft  sidea  of  the  royal  mast  and  top-gaUant  mast,  being 
oaoDoetodin  its  course  with  the  copper  about  the  sheeve  holes.    A  copper 
lining    in  tho  aft  side  of  the  cap,  through  which  the   top -mast  sliaes, 
■Ofv  takea  up  the  conneidon,  and  continues  it  orer  tho  cap  to  the  aft  side  of 
the  top-mast,  and  so  on  as  before,  to  the  step  of  the  mast ;  here  it  meets  a 
chick  wide  copper  linings  turned  round  the  step  under  the  heel  of  the  mast,  and 
resting  on  a  similar  layer  of  copper  fixed  to  the  keelson.  This  last  is  connected 
wiA  oome  of  the  keeb  on  bolts,  and  with  three  perpendicular  bolts  of  copper, 
«f  two  inches  diameter,  which  are  driven  into  the  main  keel  upon  three  trans* 
vme  or  horiiootal  bolts,  broueht  into  immediate  contact  with  the  copper 
«ipMidfd  over  the  bottom.    l%e  laminae  of  copper  are  turned  over  the 
napeettvo  mast  heads,  and  secured  about  an  inch  or  more  down  on  the  oppo- 
aite  aide ;  die  cap  which  corresponds  is  prepared  in  a  somewhat  similar  war, 
tho  copper  being  oMitinued  from  the  Iming  in  the  aft  part  of  the  round  holo 
«f«r  the  csp,  into  the  fore  part  of  the  square  one,  where  it  is  turned  down  and 
nocnred  as  before^  so  diat  when  the  c^  is  in  its  place  the  contact  is  complete. 
In  this  way  we  have,  under  all  circumstances,  a  continuous  metallic  line  from 
tiio  hif  best  point  to  the  sea,  which  will  transmit  the  electric  matter  directly 
diroiigli  the  keel,  being  the  line  of  least  resistance.     But  since  the  main  mast 
does  not  step  on  the  keelson,  it  will  be  necessary  to  have  a  metallic  commu- 
nication at  the  step  of  the  mast,  with  the  perpendicular  stancheon  immediately 
under  it,  and  so  on  to  the  keelM>n  as  before,  or  otherwise  carry  the  conductor 
cat  at  the  sides  of  the  vessel. 

Fnnn  what  has  been  already  observed,  it  will  be  apparent  that  in  whatever 
postion  we  suppose  the  sliding  masts  to  be  placed,  whether  in  a  state  of  elon- 
gation or  contraction,  stiU  the  line  of  conduction  will  remain  perfect ;  for  that 
pait  of  the  conductor  which  necessarily  remains  below  the  cap  and  top  when 
tlie  sliding  masts  are  struck,  is  no  longer  in  the  line  of  action ;  consequently 
ite  inflnence  need  not  be  considered. 

LIME.     One  of  the  primitive  earths ;  and  since  the  discovery  by  Sir  H. 

Davy  of  ite  metallic  base,  which  he  denominated  ealdum,  it  is  regarded  by 

rVf^itfv  as  the  oxide  of  calckan ;  that  important  substance  commonly  called 

Imie  being  found  to  be  a  combination  of  calcium  and  oxygen.    The  nature  of 

limo  is  proved  by  the  phenomena  of  the  combustion  of  calcium ;  the  metal 

changing  into  the  earth  with  the  absorption  of  the  oxygen  gas.  Lime  is  soluble 

in  450narte  of  water,  accOTding  to  Sir  H.  Davy,  and  in  760  parts  according  to 

other  cnemists.    The  solution  is  called  Ume  water,  which  is  lunpid,  but  has  an 

acid  taste,  and  turns  vegetable  blues  to  green.  If  lime  water  be  allowed  to  stand, 

ascmn  called  Uie  ereoai  of  Ume  forms  on  its  surface ;  and  if  this  be  removed 

another  follows,  till  by  this  means  the  whole  of  the  lime  may  be  separated  from 

te  water.     If  the  lime  be  not  skimmed,  the  cream,  after  having  acouired  a 

ositain  thickness,  precipitates  and  falls  to  the  bottom.   Pure  Ume,  or  calcareous 

earthy  ia  nover  finrnd  native ;  but  in  combination  with  acid%  particularly  the 

■■■*    *e,  it  fijate  in  prodigioaa  quantities.    Marble,  limeatooa^  and  chalk,  are 
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all  cBrbonates  ol  lime;  gyptatn  h  s  aiilpbsle  of  lime.  Beneliut  attempted  to 
detenuliie  (he  prime  equivalent  of  ralcium,  Irom  the  proportion  in  which  il 
combines  with  oxjgcn  to  form  lime:  on  which  Dr.  Ure  remnrks  that  "bit 
results  can  be  re^rded  only  as  approximations,  in  consequence  of  the  difB- 
cultiei  of  the  experiment  The  prime  eqiiivalenl  of  lime,  or  oxide  of  calcium. 
can  be  determined  to  rigid  precision  by  my  inaCrument  for  anulyzing  llie  cbf- 
bonates.  By  this  means  1  find  tlial  100  parts  of  carbonate  of  ume  consix  of 
43.60  of  carbonic  acid  +  S6.4  lime  i  vhence  the  prime  equivalent  proponiona 
■re  2.73  acid  +  3..?C2  base." 

The  operation  called  burning  lime,  consists  in  expoting  marble,  limestone, 
chalk,  oyster  shells,  or  any  other  carbonate  of  lime,  for  some  lime  to  a  white 
heat,  by  which  means  (he  carbonic  acid  and  water  contained  in  these  suhslance* 
are  expelled ;  and  the  earth  which  has  the  peculiar  cliaraclers  assigned  (o  liaie, 
il  left  behind  in  a  mass  which  has  little  coherence,  and  is  therefore  easily 
reduced  to  powder.  Il  is  usually  called  quirk-lime  after  caleinalion.  Newljr 
prepared  it  absorbs  water  with  great  avidity ;  it  will  absorb  one-fourth  of  its 
weight  of  that  fluid,  and  still  remain  perfectfy  dry.  If  a  luflicieDt  quantity  of 
water  be  poured  upon  it,  the  lime  falls  into  powder ;  some  of  the  water  is  con- 
verted into  va]>Dur  by  the  disengaged  caloric  of  that  part  which  unites  with  the 
lime :  this  is  called  the  slacking  of  lime :  if  the  quaniity  slacked  be  considei> 
able,  and  performed  in  a  dark  place,  light  will  be  otMerved  as  well  as  heat. 

The  kilns  for  burning  lime  are  of  a  great  variety  of  forms,  according  (o  the 
kind  of  fuel  used,  and  the  manner  in  which  ibcy  are  to  be  wrought.     Sous 


n  that  the  best  form  of  a  lime-kiln  is  that  of  an  egg  placed  upon 

.d.  harine  pan  of  its  broadvr  end  Btnick  olf,  and  its  sides  somewhat 

compressed  towards  the  lower  extremily ;  the  ground  pinle,  or  bottom  of  the 


kiln,  being  nearly  an  oval,  with  an  eye  or  draft  hale  towards 
is  supposed  that  two  advantages  are  gained  by  this  form  over  that  of  the 
■preading  inverted  cone  (also  much  used).  By  the  upper  part  of  the  kiln  being 
oontracted,  the  beat  does  not  &y  off  so  freely  m  it  does  in  the  spreading  cone ; 
on  the  contrary,  it  thereby  receives  a  degree  of  reverberation  which  adds  to  iu 
intensity.  But  the  other,  and  more  valuable  effect  is  said  to  be  this ;  when  (ha 
cooled  lime  is  drawn  out  at  the  bottom  of  the  furnace,  the  ignited  man  in  tha 
upper  parts  of  it  settles  down  freely  and  evenly  into  the  central  pans  of  the 
kiln.  One  of  the  best  kilns  that  we  are  acquainted  with  is  Heathorn's  patent 
kiln,  combined  with  the  manufacture  of  coke,  and  described  under  the  article 
Iron.  The  fnistrum  of  a  cone  is  a  farm  of  kiln  much  used;  end  il  may  ba 
some  advantage  to  hollow  or  arch  out  the  upper  part,  which  is  frequently  done. 
In  many  parts  of  the  south  of  England,  lime  is  prepared  from  (he  calcination 
of  chalk  10  kilns  nmk  in  the  earth,  of  the  form  of  inverted  cones,  and  lined 
with  brick ;  the  hose  of  the  cone  is  about  10  feet  in  diameter,  and  about  14  feet 
deep.  It  U  calculated  that  a  kiln  of  tliis  kind  will  yield  1£0  bushels  of  lime  in 
24  honn.  When  the  chalk  is  dry,  about  5  bushels  of  it  muy  be  burned  with 
1  bushel  of  coal ;  but  when  damp,  or  in  the  winter,  not  mure  than  4  bushels  by 
1  bushel  of  coil.  Ill  Yorkshire,  and  some  other  places  where  conl  is  abundaDl, 
calcareous  slate  and  limestone  are  burned  in  great  piecs  >triitilied  with  coal- 
in  these  cases  the  consumption  of  coal  b  equal  to  more  than  a  third  part  of  tha 
lime  produced.  The  waste  of  fuel  in  this  process  renders  it  very  ineligible 
where  coals  are  dear.  The  saving  of  fuel  in  the  use  of  kilns  is  apparent  from 
the  previous  accounts,  hut  that  saving,  according  to  Mr.  Rawson,  may  be  con- 
siderably increased  by  inclosing  the  kiln  at  the  top,  and  building  a  chinuiey 
over  it ;  and  it  seems  to  follow  that  the  higher  that  chimney  is  the  belter. 

Some  lime-burners  prefer  peat  to  coal  for  the  fiiel ;  but  tlial  preference  has 
probably  arisen  from  an  injudicious  management  of  coal.  Mr.  Uodion  asserts 
peat  to  be  more  economical  than  coal;  that  coal,  by  its  excvssive  heat,  causes 
the  limestone  to  run  into  solid  lumps,  which  it  uever  does  with  peat,  as  it  keeps 
them  in  an  open  slate  and  admits  the  air  freely.  That  the  process  of  burning 
Koes  on  more  slowly  with  coal,  and  does  not  produce  half  the  quantity  of  lime. 
This  inconsistency  requires  no  comment ;  nevertheless  peat  b  a  very  useful  fhel 
Hir     e  niimoae.  and  on  eicetleut  substitute  for  vual  where  tlie  Utlet  ii  aoarcer 
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Al  kkdi  iif  liBM  ezpoted  to  the  tir  reeover  neaxij  dieir  or%iiMl 
Wi%fct,  «Mpl  chalk  liflNb  which,  Although  long  exposed,  never  recoTen  mora 
tbai  munttmMtm  of  its  origuud  weight  Some  limestonei^  at  Ponland-ttone, 
jriald  a  rmj  wmtc  Bom;  otli«% at  chalk  and  roe-ttone,  a  Ume  with  a  yellowith 
CBtC;  the  latter  it  beat  adapted  for  mixing  with  tarrat,  puxsolano,  or  Parker't 
caaaaa^  §ar  bnildinga  nodar  water.  It  hat  lon^  heen  taia  by  Ume-bumen,  that 
if  IJBM  atiwia  be  iaiytfectly  bonied  in  the  firtt  uutance^  no  further  expoaure  of 
k  fta  dba  five  win  prodnee  ^[oidL-lime.  Thit  attertioo,  which  it  wat  tuppeted 
warn  dba  cftiiilm  of  igiMinnce»  hat  been  confirmed  by  M.  Vicat,  in  a  vaniable 
ImtiBS  latogr  pwhiiahad  bjr  him  on  mortar  and  cementt.  Such  lime,  which  it 
•adbiieally  tsnad  dead  lima^  doet  not  tlake  with  water,  but  upon  being  ground 
— *  — '^  iDto  A  faata  with  water,  di£&rt  firom  conmioii  mortar  by  letting  under 


IB  a  fine  caibonata  of  lime,  made  in  tome  placet  by  grinding  toft 
<Uk  in  II  nilly  aeparating  the  finer  particlet  by  wathin^  them  orer  in  water, 
letting;  tibm  water  aettle,  and  making  up  the  lediment  mto  loavet,  which  are 
tapiiaid  Co  the  ahr  to  dry.  There  are  numerous  manufactories  beside  the  river 
Tumea,  where  whiting  it  thut  prepared,  the  loaves  being  exposed  on  shelvet 
in  lofty  iheds^  which  form,  at  it  were,  the  vertical  external  walls  of  the  buildings. 
In  tome  places  whiting  is  made  from  lime  by  slaking  it  with  a  little  water,  then 
grinding  it  in  a  mill  with  water,  exposing  the  lime  water  to  the  air  for  some  time 
to  absorb  the  carbonic  acid  from  the  atmosphere,  washing  over  the  sediment, 
making  it  into  loaves,  and  drying  them.  When  made  into  small  loaves  it  is 
called  SpoMUk  wkke  ;  and  if  in  small  drops,  prepared  chalk  ;  the  creia  preparaia 
of  the  apothecaries.  It  is  principally  used  as  a  white  paint,  either  alone,  or 
mixed  with  white  lead ;  the  inferior  priced  white  lead  has  a  large  proportion  of 
whiting  mixed  with  it  Spanish  white  and  prepared  chalk  are  likewise  exten- 
sivdy  used  to  saturate  acids  in  liquids  in  various  chemical  and  manufacturing 
operationa. 

Lime  with  water  form  a  patte  of  but  little  cohesion ;  for  eommon  mortar  ii 
mixed  with  roosh  sand  to  eive  it  firmness ;  but  the  mortar  for  the  outermost 
covering  of  in-door  woik,  is  mixed  with  hair  to  give  it  cohesion  without  lesseUf- 
ing  its  capability  of  receiving  a  smooth  surface.  As  lime  absorbs  carbonic  acid 
gas  as  well  as  water  firom  the  atmosphere,  it  should  be  made  into  mortar  before 
It  has  imbibed  any  considerable  portion  of  it,  otherwise  it  will  be  of  little  value. 
It  is  by  the  absorption  of  carbonic  acid  that  mortar  acquires  hardness,  its  lime 
beine  slowly  converted  again  into  the  state  of  limestone ;  but  the  hardness  will 
not  be  perfect  unless  undisturbed  from  its  commencement ;  when  this  dr- 
comstance  is  observed  it  soon  acquires  a  moderate  degree  of  hardness,  but  agea 
are  probably  required  for  it  to  attain  its  maximum.  The  silex  or  sand  mixed 
with  lime  operates  by  hastening  its  crystallization.  Lime,  though  infusible 
alone,  promotes  the  frision  of  iSSl  the  other  earths,  and  is  extensively  used  in 
smelting  iron  ores ;  it  serves  as  a  flux  to  the  alumine  and  silex  which  the 
ores  of  that  metal  contain. 

Marl,  which  is  of  so  much  value  in  agriculture,  consists  of  a  mixture  of  lime 
and  clay,  and  it  is  the  calcareous  part  of  its  composition  to  which  its  value 
is  owing ;  if  the  quantity  of  lime  in  it  do  not  exceed  30  per  cent,  it  is  worth- 
less.    Every  good  soil  contains  a  portion  of  carbonate  of  lime,  wliich  mate- 
rially assists  in  retaining  the  moisture  necessary  to  active  vegetation.  Limestone 
containing  much  magnesia  is  unfit  to  afford  lime  for  the  farmer's  use ;   it  may 
be  known  from  good  limestone  by  its  being  much  longer  in  dissolving  in  acids. 
Lime  is  used  by  the  soap  manufacturer  to  render  his  soda  caustic :  it  enters  into 
the  composition  of  glass,  which  it  renders  less  liable  to  attract  moisture,  and 
^ess  brittle  than  it  would  otherwise  be.     It  is  employed  in  the  manufacture  of 
IJlue  to  prevent  its  becoming  flexible  by  the  ready  absorption  of  moisture.     It 
u  used  by  the  tanner  to  facilitate  the  removal  of  the  hair  from  skins.     It  is 
^ttcd  by  the  sugar  refiner  to  absorb  the  acid,  which  would  prevent  the  sugar 
from  crystallizing.    A  solution  of  lime  is  employed  to  cleanse  feathers  from  their 
tiUBuI  oil,  and  render  them  sweet  and  fit  for  use.     Acids  dissolve  pure  lime 
^"^  iliiipujucg^  but  heat  it  evolved  during  the  tohition.  Water  impregnated 
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with  carboiili;  iicid  will  diuolre  a  mucti  larger  qiianlily  of  il  ihui  betOn; 
when  deprived  of  this  scid  by  expoiuiE  to  the  nir,  the  IIuip  it  held  in  nolutisn 
11  precipitated ;  henca  the  formation  of  italactitea  and  in  era  station*  found  in 
eaverns.  The  crj'Btals  of  the  soIutionB  of  lime  in  acids  form  what  are  called 
nwn.  The  beautiful  spar  called  fluot  spar,  or  Deib^tbire  spar,  ia  a  fluale  of 
bme,  that  is,  u  cambmatjon  of  lime  and  the  fluonc  acid.  Combined  vjih 
■nuriatic  acid,  large  quantities  of  lime  are  held  in  solution  hj  the  watera  of  the 
ocean.  Combined  with  eulphnric  add  line  formn  eypium ;  gypaum,  when  cal- 
cined by  a  moderate  heal,  i^  called  plaster  of  Pans.  Combined  with  the 
oxymunatic  acid,  or  chlorine,  it  forms  chloride  of  linw,  the  famoui  salt  lued  in 
Bleicbino,  (which  see.)  Comliined  with  phosphoric  acid,  lime  forms  the  solid 
parti  of  the  bones  of  all  Dnimals.  The  shells  of  lealaceous  animals  consist 
chieSy  of  carbonate  of  lime  cemeoled  by  a  small  portion  of  animal  glue; 
while  those  of  craslaceouj  animaU  always  contain  more  or  leu  of  phosphate  of 
lime,  which  approximates  them  to  the  nature  of  bone. 

LIMESTONE.  The nativeindurated carbonate oflimeisuniatly distinguished 
by  this  name;  but  Professor  Jam  ieson  coniiden  it  oi  a  genus  of  minerals,  which 
he  divides  into  four  species ;  namely.  Rhomb-spar,  Dolomite,  Lmiestone.  and 
Arragonite ;  the  third  species,  limestone,  he  dirides  into  twelve  sub-species,  and 
these  oeain  into  several  kinds. 

LIMNING.  The  art  of  painting  in  water  colours,  as  practised  by  ihv 
ancients,  in  contradistinctioD  to  the  more  modern  art  of  painting  in  oil.  Before 
John  Von  Eyck  (better  known  by  the  name  of  John  of  Bruges)  found  out  the 
art  of  painting  in  oil,  the  painters  all  painted  in  water  or  tresco,  on  their  walls, 
on  wooden  hoards,  aod  elsewhere.  When  they  made  use  of  boards,  they 
usually  glued  a  fine  linen  cloth  over  them,  to  prevent  their  opening  ;  then  laid 
on  a  gcound  of  white;  lastly,  they  mixed  up  their  colours  with  water  and  siie,  or 
with  water  and  yolks  of  eggs,  well  bealcn  with  the  branches  of  a  lig-tree,  the 
juice  whereof  thus  mixed  with  the  eggs;  and  with  this  mixture  they  painted 
their  pictures.  In  limning,  all  pigments  are  suitable,  except  the  white  of  lime, 
vhich  ia  only  used  in  fresco.  The  azure  or  ultramarine  is  always  mixed  with 
size  or  gum;  and  two  layers  of  hot  size  are  alwavs  applied  lo  the  boards, 
before  the  size  colours  are  laid  on ;  the  colours  are  all  pound  in  water,  and  in 
working  diluted  with  siw  water.  When  the  piece  is  finished,  ihey  go  over  it 
with  the  white  of  an  egg  well  beaten  ;  and  then  with  varnish,  if  required. 

LINT.  The  scrapings  from  the  surface  of  old  Lnen  cloth,  forming  a  very 
•ofl  absorbent  material,  peculiarly  adapted  to  the  dressing  of  wounds;  for 
which  purpose  it  is  chiefly  used,  fhis  material  is  jrepared  for  the  use  of  sur- 
geons, and  OS  on  article  of  commerce,  in  the  following  manner.  Old  linen,  or 
■uch  as  has  been  worn  for  shirts,  sheets.  Sec.  ispteferred  to  new  cloth,  on  account 
of  the  great  softness  of  the  fibrous  matter.  Those  pieces  are  selected  which  are 
without  fracture,  or  nearly  so,  and  that  are  10  or  12  inches  broad ;  these  are 
washed,  (or  should  be,)  perfectly  clean,  and  dried,  and  are  then  ready  to  be 
operated  upon  by  the  lint  machine,  which  is  generally  worked  by  a  woman. 
This  machme  consists  of  a  steel  knife  blade  with  par^Iel  sides,  the  edge  of 
which  is  blunt  or  dull,  but  perfectly  straight ;  this  knife  is  fixed  in  a  horixontal 
position  in  a  frame,  which  is  made  lo  reciprocate  up  and  down,  by  means  of  a 
treadle  or  pedal.  When  this  pedal  is  pressed  upoti  by  the  foot  of  the  workwomwi, 
't  causes  the  blade  to  descend  vertically  with  its  edge  across  a  board  or  little 
table,  covered  with  smooth  leather,  whereon  the  linen  is  placed;  and  on  lakitig 
the  preaimv  off  the  pedal,  the  knife  is  lifted  from  the  wort  by  tbe  agency  of 
springs.  The  linen  ia  rolled  rrry  fvmlg  tipon  a  cylindrical  stick,  with  the  weft 
in  the  direction  of  (lie  stick ;  and  consequently  with  the  warp  threads  of  tuc 
cloth  rolled  round  it.  A  few  inches  of  Uie  cloth  being  uncoiled,  and  ii  fivr 
threads  of  tbe  weft  pulled  oil'  at  tlie  end,  leaving  as  it  wero  a  fringe  of  the  warp 

Csjecling,  the  roller  is  held  steadllv  with  both  hands  by  the  operator,  who 
gins  by  placing  the  end  of  the  clotfi  in  such  a  position  upon  the  work  board, 
that  when,  by  the  pressure  of  the  foot  upon  the  pedal,  the  knife  descends,  ila 
edge  shall  pass  between  the  first  and  second  thread  of  the  weft,  and  press 
aoross  all  the  farp  threads ;  vliilst  the  latter  is  thus  held  down  tc    '     '  " 
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ibc  MWitBT  polb  back  Ibe  Uick  towatdi  hn.  dirough  >  ^ikc  of  ftom  ■  quMtat 
t*  Iwr  an  inch;  the  weft  tbnad  ti  [brrebj  push<d  further  along  ihe  aarp 
iTlnailn.  vti  (rom  tbe  Utter  is  ktuihI  the  lint,  by  tLeic  being  drawn  undci  the 
ed^  of  (be  knife.  The  foot  being  lified  from  the  pedal,  the  tnife  ancends,  and 
rtke  oprrator  pmhea  the  doth  forwanl  agun  to  lake  the  next  ttiread,  which,  bj 
die  preaiiire  of  the  knife,  and  the  pulling  back  of  the  clolh  al  ifae  lame  jiulaut, 
»  moTed  along  the  threadi  of  the  warp  after  the  first,  and  ralang  thereby  more 


td  tiath  sewn  ercnly  logether)  upco  the  cjlindrical  stick  is  worked  on;  ai 
*htn  »  prodaced,  when  the  work  ii  deiteroiuljf  pecformed,  a         '  * 

■Iteel  of  ihidc  downy  lint.  Simple  aa  tliii  operation  may  appear,  i 
eonaidfrBble  practice  to  obtain  the  nece*aaiy  sVill  and  adraitneiia  to  d 
wvU,  and  enable  Ibe  opentoi  to  get  a  living  by  it ;  it  ii  uaually  executed  by  very 

K  women,  who  eaiii  only  about  ten  ihQlii^  per  week  ai  the  employmenL 
diffic^ty  conniti  in  inali  og  accurate  movement)  by  the  bani^  with 
gireal  quieknera;  for  if  a  weft  th^  ad  ii  croaaed  by  ibe  knife,  the  work  it  checked 
m  spoiled  instead  of  forwarded.  The  editor  baa  nefer  tnel  with  any  published 
dracriptinn  of  this  operation,  but  be  u>  it  performed  about  30  years  Mga  by  a 
poor  old  woman,  and  thi<  account  is  sketched  out  from  recolleclioa. 

LIQUEURS.  This  name,  adopted  from  the  French,  ii  given  loa  varieW  of 
odoriferous,  fine  flavoured,  alcoholic  liquon  ;  the  pmcenes  of  preparing  which 
have  been  given  in  various  parts  of  this  work  ;  see  Eiti  di  Coloome,  £iu  di 
L«cs,&e.    In  this  place  we  shall  insert  the  descriptioa  of  a  very  conveuient  bltla 


^^^■Mi  and  the  procew  of  « 
mT*^  nd  elsewhere,  (br  the 
"*^  NBiti  and  flarottrinc  ino 


f  working  it,  which  we  imdentand  is  much  used 

the  purpose.     At  a  is  the  boiler  (containing  thf 

4  qsiti  and  flaTonring  ingrcdienb)  immened  in  a  water  bath  t,  and  heaUd 
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by  « ipiril  luop  e,  liiviiig  icTeral  vicka.     The  itill  bu  a  t^  neck,  HinMunted 

by  a  bead  d.  Buirounded  by  cold  water  in  ihe  refrigemlury  *.  "Vhe  vapour,  m 
it  JB  condensed,  runi  down  the  aidei  of  tbe  lieud,  and  fg  received  in  a  circuliu 
chajinel,  Tariued  around  the  upper  extremity  of  the  neck,  whence  it  flows  down 
a  pipe/  through  the  cold  wnler  ciilem,  into  a  recipient  g,  fixed  above  a  tn'it* 
ot  runnel- ihaped  lilleren.  Previous  to  commencing  tlie  proceEi  of  distillation 
the  recipient^  ia  prorided  with  a  sufficient  qunnlity  ofiyrup,  (tolutiiin  of  uhits 
nigar,}  to  forni  the  intended  liqueur,  over  which  die  condensed  spirit  diacharget 
itsetr.  When  all  the  spirit  i>  come  uver,  the  distillation  if  slopped  by  extin- 
guiihing  the  lamp ;  the  cock  i  is  now  opened,  lehen  the  Bromatic  spitit  and  Ihe 
ayrup  descend  into  tlie  first  of  the  filterers  oooo.  These  filtereri  are  each  com- 
posed of  four  distioct  subBtancea  or  layers;  the  lowest  is  of  perforated  metal, 
the  next  above  fine  flannel,  over  which  is  nut  two  thicknesses  of  filtering  paper. 
Tbe  spirit  and  ibe  syrup  become  intimately  blended  in  passing  through  these 
nicceasire  filtciera,  and  the  liquor  is  received  in  bottles  underneath  in  a  per- 
fectly bright  and  clear  stale. 

LITHIA.  An  alkali,  recently  discovered  by  M.  ArTredaon,  a  young  chemist, 
employed  in  ihe  laboratory  of  M.  Bcrzehus.  Sir  H,  Davy  demoristralcd  by 
voltaic  electncity  that  the  baiis  of  this  alkali  is  a  metal,  to  which  ihe  name  of 
Ulhnim  has  been  given*  For  the  mode  of  obtaining  lilhia,  and  an  account  «f 
it!  properties,  the  reader  is  referred  to  Vrc't  DictuMorj/  of  Chcmatry,  ai  it  has 
--      -  '        '         '-  ■  ■  ■    ■■      rta. 

nsferring  from  atone,  wiidngii  or  drawing* 
made  thereon  ;  which  is  quite  of  modem  invention.  Unhke  other  kinds  of 
printing,  this  is  strictly  chemical,  and  is  in  consequence  called  in  Germany, 
ehrmleal pr'mi'mg.  A  drawing  is  made  on  the  alone,  either  with  ink  containing 
oleaginous  mailer  ;  or  with  chalk,  containing  similar  substances,  but  in  a  more 
concentrated  and  indurated  state.  The  drawing  is  then  washed  over  with  water, 
which  sinks  into  those  portions  of  the  stone  that  are  untouched  with  the  grease 
of  the  drawing.  A  cylindricDl  roller,  charged  with  printing  ink,  is  ihen  passed 
all  over  the  stone,  and  while  the  drawing  receivea  the  ink,  the  rest  of  tbe  itons 
ia  preserved  from  it  by  the  water  on  account  of  the  greasy  nature  of  the  ink. 
Thii  art -is  said  to  have  been  invented  by  mere  accident,  by  Alois  Senefelder,  of 
Munich,  who  being  an  author,  and  too  poor  to  publish  his  works,  tried  varioui 
plans,  witli  copper-plates  and  compositions,  with  a  view  to  becoming  his  own 
printer.  In  the  course  of  hia  experiments,  he  found  that  a  compoailion  of  KWp. 
wax,  and  lamp-black,  formed  an  excellent  ink  for  writing  with  on  plates;  aa, 
when  dry,  it  became  firm  and  hard,  and  resisted  aquafortis.  He  wanted  facility, 
however,  in  writing  backwards  on  the  plates;  and  thai  be  might  eicrciae  tbii  at 
lesa  expense,  be  procured  some  pieces  of  Rilheim  stone,  as  a  cheap  material,  on 
which,  after  polishing  their  aurliices  he  might  practise.  Having  been  desired  by 
bis  mother  to  take  a  list  of  some  linen  about  to  be  sent  to  he  washed,  and 
having  no  papei  at  band,  he  wrote  it  out  on  a  piece  of  stone  with  his  compoii- 
tion.  When  he  was  afterwards  about  to  effitce  his  writing,  it  occurred  to  him 
that  impressions  might  be  obtained  from  it ;  and  after  he  hud  bit  in  the  stone 
with  aquafortis,  diluted  with  len  parts  of  water,  after  letting  tbe  fluid  stand  five 
minutes  nver  it,  he  proceeded  to  apply  printing  ink  to  the  stone,  for  which  pur- 
pose he  finl  applied  a  printer's  ba!!,  but  after  some  unsuccessful  trials,  he  made 
uie  of  a  thin  piece  of  wood  covered  with  fine  cloth,  and  with  this  he  perfectly 
aucceeded  in  taking  impreBsions.  It  appeared  to  him  that  this  new  mode  iif 
printing  was  of  very  considerable  importance ;  and  he  therefore,  though  with 
great  difficulties,  persevered  in  improving  it,  and  in  attempting  ita  application 
to  pracbcal  purposea.  He  soon  found  that  it  was  not  necessar}'  to  have  the 
lettera  raised  ahore  the  stone;  but  that  the  chemical  properties  which  keep 
erease  and  water  so  effectually  separate  from  each  olher,  were  quile  sufBcieiit 
for  hia  purpose.  He  afterwards  bestowed  much  labour  and  aseiduity  in  con- 
■Inictiiig  the  pioper  pre^K,  and  other  apparutua  for  printing.  The  first  eaaaya 
to  print  for  publication  were  some  pieces  uf  music  executed  in  1796;  afterwardt 
he  attempted  drawings  and  writings.  He  still  however  found  great  diflicully 
in  wntiug  backwards,  and  tbii  kd  um  i»  thiak  of  the  procew«f  Bwuleti  ~~* 
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ink  or  the  chalk  penetintei  iuta  their  tiibitance,  uid  conifqucntly  Uie  moiv  of 
the  slone  miut  be  ground  Bvaj  to  remore  them  ;  ibis  U  alio  more  neceuaty 
with  ink  draving*  or  writings  than  with  chalk,  owing  to  the  greater  fluidity 
and  consequenl  penelrnbility  of  the  former. 

The  Bubilanc«a  used  by  [he  artist  upon  the  tlone,  are  either  lIlhogTaphii;  ink, 
or  lithographic  chalk.  The  former  hai  been  described  under  ihe  article  Ihk, 
(which  see ;)  but — 

The  tnijor  making  Iranifm  should  be  Eomewhal  less  burned,  and  therefor* 
softer  than  tbal  used  for  writing  or  drawing  directly  upon  the  stone. 

Lithographie  chalk  eliould  bave  all  the  qualities  of  a  good  drawing  crayon. 
It  should  be  even  in  texture,  and  carry  a  good  point.  The  fallDwing  propor- 
tions are  recommended:  1 4  oz.  of  common  soap,  2  oz.  tallow,  2{  ox.  virgm  wax, 
I  oz.  shell-lac  The  teat  of  the  process  is  the  same  as  in  making  the  ink. 
Less  black  should  be  mixed  with  the  chalk  than  with  the  ink,  its  only  use  being  to 
colour  the  drawing,  that  the  artist  may  see  the  lines  he  traces.  When  ibe  whole 
is  well  mixed,  it  should  be  poured  into  a  mould  and  very  strongly  pressed,  to 
■spel  any  air  that  may  collect  in  bubbles,  which  would  render  it  spongy. 

Mode  of  dnaeing, — Previous  to  drawing  or  writing,  the  stone  must  be  well 
wiped  wiUi  a  clean,  dry  cloth.  The  ink  is  rubbed  with  water,  like  Indian  ink, 
and  is  olmoit  wholly  used  on  the  polished  stone.  The  chalk  is  used  only  upon 
the  grained  stone;  the  polished  surface  of  the  other  would  not  hold  IL  In 
drawing  with  ink,  a  gradation  of  tints  is  obtained  either  by  varying  the  thick- 
ness of  the  lines,  or  their  distances  from  one  another,  as  in  engraving.  The 
ink  lines  on  polished  stones,  being  solid  and  unbroken  throughout,  receiTe  the 
printing  all  over;  and  if  the  lines  be  drawn  as  fine  and  as  uniform  ai  they  are 
usually  un  copper,  the  print  from  them  will  be  in  no  respect  inferior;  but  it 
requires  a  greater  degree  of  skill  to  execute  as  well  upon  atone  as  Is  Usually 
done  upon  copper  or  steel. 

In  using  chalk,  the  grained  slone  should  be  very  carefully  dusted,  and  the 
utmost  attention  be  paid  to  prevent  anv  lodgment  of  the  smallest  particle  of 
grease^upon  tlie  surface;  personal  cleaiiiinesi  is  therefore  absolutely  necessary 
10  the  perfection  of  bis  work,  especially  in  chalk  drawings.  The  chalk  is  used 
upon  the  stone  precisely  in  the  same  manner  as  crayon  upon  paper ;  but  it  ii 
of  essential  advantage  in  lithography  to  finish  the  required  strength  of  tint 
at  once,  instead  of  going  over  the  work  a  second  time,  the  stone  being  impaired 
in  it*  ability  to  receive  the  second  lining  clearly,  by  the  absorption  of  the 
first.  Some  practice  is  requisite  to  use  the  chalk  cleverly,  as  there  ho*  been 
no  chalk  hitherto  mode  that  will  keep  lo  good  a  point  as  is  desirable.  Thirs 
is  likewise  some  difficulty  experienced  in  obtaining  the  liner  lints  sound  in  the 
impression  ;  and  In  order  to  obtain  the  lighter  tints  properly,  it  will  be  nccessaty 
to  put  the  chalk  in  a  rest,  as^lhe  metal  port  crayon  is  loo  heavy  to  draw  upon 
the  stone.  The  editor,  who  sometimes  practises,  is  in  the  habit,  before  he  com- 
mences his  eubjecl,  of  pointing  20  or  30  pieces  of  chalk,  stuck  in  quill  holders, 
and  placing  them  beside  the  stone  in  a  little  box,  tokbg  them  up  succesiivelv 
a*  the  points  become  worn  off,  so  as  to  avoid,  if  possible,  the  cutting  off  chalk 
during  the  work,  which  endangers  the  soiling  of  the  slone.  When  a  very  sharp 
and  delicate  line  is  required,  he  sharpens  the  point  of  the  ehalk  upon  paper-  )tf 
pushing  it  forward  in  an  inclined  position,  and  twirling  it  round  at  the  same 
time  between  the  fore-finger  and  lliumb.  As  the  chalk  soliens  by  the  warmtS 
of  the  hand,  it  is  quite  necessary  to  have  several  pieces,  to  he  able  lo  change 
them.  Some  artists  cut  their  chalk  into  the  wedge  form,  as  being  strotiget 
Those  portions  that  break  ofT  in  drawing  should  be  carefully  taken  off  the  stone 
by  a  camel's  hair  bnish. 

pTtpatalion  of  the  tlont  for  prmt'mg. — The  drawing  being  finished  on  the 
itone,  it  ii  sent  to  the  lllliographic  printer,  on  whose  knowledge  of  his  art 
depends  the  success  of  the  impretaions.  The  first  process  is  to  etch  the  draw- 
ing as  it  is  culled.  This  is  done  by  placing  the  stone  obliquely  on  one  edge, 
over  a  trough,  and  pouring  over  it  very  dilute  nitric  acid.  It  Is  poured  on  the 
upper  part  of  the  slone,  and  runs  down  all  over  the  surface.  The  stone  is  llien 
turned,  and  placed  on  the  opposite  edge,  and  the  etching  water  being  collected 
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iStm  tnmAf  m  afria  pound  over  it,  in  the  lame  mauMr.  The  degpct  of 
■lui^gih,  vUdi  k  mnaJEtf  obontooe  oer  cent,  of  ocid,  ihonld  be  such  as  to  pfo- 
a  wmj  aij^  dhfmMBet ;  and  it  it  dediaUe  to  paat  tfie  etching  water 
tktm  tnaaa  omt  tba  darkest  parts  of  the  drawing,  as  they  require  more 
dMOi  the  UgMsr  tinii>  Experience  akme  can,  howerer,  ^:iiide  the  litho- 
'm  fUa  dmrtDMBt  of  the  art,  as  different  stones,  and  different  compo- 
cf  dialk.  Will  ba  difinntlj  acted  upon  by  the  add ;  and  chalk  drawings 
akar  aoid  dMOi  the  ink.  The  stone  is  next  to  he  cardully  washed, 
kffmBdmg  daaa  laia  vatar  ovar  it,  and  afterwards  with  gum  water;'  and  when 
tarn  wal^  llw  lalkr  cbaiyad  with  printing  ink  is  rolled  orer  it  in  both  diree- 
ridairayBf  and  ftmn  lop  to  bottom — till  the  drawing  takes  the  ink.  It  is 
vril  eomad  omt  vidi  a  sdutioa  of  gum  Arabic  m  water,  of  about  the 
fcfoiL  nyaiaaOowed  to  dry,  and  preserres  the  drawing  from  any 
aa  tha  liaaa  eaiiDOt  qwead,  in  consequence  of  the  pores  or  the  stone 
_  filed  vidithagns.  After  the  etching,  it  is  dMnaUr  to  leave  the  stone  for 
A  daf,  aad  not  man  dian  a  week,  befoore  it  is  minted  from.  The  effect  of  the 
alMig  ia  int  to  fake  awav  die  alkali  mixed  with  the  dialk  or  ink,  whieh 
woold  make  die  drawing  liaUe  to  be  affected  by  the  water ;  and  secondly,  to 
make  dia  stone  refuse  more  decidedly  to  take  any  grease.  The  gum  assists  in 
&ia  latter  purpose,  and  is  quite  essential  to  the  perfect  preparatioii  of  the  sor- 
ftee  of  tha  stone. 

Primlmg. — ^When  the  intention  is  to  print  from  the  stone,  it  is  placed  upon 
the  jdatten  or  bed  of  tha  press,  and  a  proper  sised  sorrier  is  adjusted  to  the 
moAee  of  tha  stone.    Ram  water  is  then  qirinkled  orer  the  gum  on  the  stone, 
which,  banc  dissdhred  gradually,  and  a  wet  spoiue  passed  lignUy  orer  all,  the 
printer  works  the  ink,  which  is  on  the  colour  tabb  placed  b^ide  him,  with  the 
nUer,  in  all  directions,  until  it  is  equally  and  thinly  spread  on  the  roUer.    The 
roller  is  then  passed  o?er  the  whole  stone,  care  being  taken  that  the  whole  draw- 
ing reeeiTea  a  due  portion  of  ink ;  and  this  must  be  done,  by  giving  the  roller 
an  equal  motion  and  pressure^  which  will  of  course  require  to  be  increased,  if 
dia  drawing  does  not  receive  the  ink  readily.    When  the  drawing  is  first  used, 
it  win  not  receive  the  ink  so  readily  as  it  will  afterwards ;  and  it  is  fiequenthr 
necessary  to  wet  the  stone,  and  roll  it  several  times,  before  it  will  take  the  ink 
easily.    After  this  takes  place,  care  must  be  taken  not  to  wet  the  stone  too 
much ;  the  dampness  should  not  be  more  than  is  necessary  to  prevent  the  ink 
adhering  to  the  stone  where  there  is  no  drawing.     After  the  drawing  is  thus 
rolled  on,  the  sheet  of  pAJper  is  placed  on  the  stone,  and  the  impression  taken. 
Upon  taking  the  paper  on  the  stone,  the  latter  appears  to  be  quite  dry,  owing 
to  the  paper  having  absorbed  the  moisture  on  the  surface ;  it  must  therefore  be 
wetted  with  a  sponge,  and  again  rolled  with  ink,  the  roller  having  been  well 
worked  on  the  colour  table  before  being  applied.     During  the  printing,  some 
gum  must  always  remain  on  the  stone,  although  it  will  not  be  visible,  other- 
wise the  ink  will  be  received  on  the  stone  as  well  as  on  the  drawing,  by  which 
the  latter  would  be  spoiled ;  so  that  if  by  too  much  wetting,  or  by  rubbing 
too  hard  with  the  sponee,  the  gum  is  entirely  removed,  some  fresh  gum  water 
must  be  laid  on.     If  the  stone  has  in  the  first  instance  been  laid  by  with  too 
small  a  quanti^  of  gum,  and  the  ink  stains  the  stone  on  being  first  applied  to 
it,  gum  water  must  be  used  to  damp  the  stone,  instead  of  pure  water.     Some- 
times, however,  this  may  arise  firom  the  printing  ink  being  too  thin,  as  will 
afterwards  qipear.     If  some  qpots  on  the  stone  take  the  printing  ink,  notwith- 
standing the  above  precautions,  some  strong  acid  must  be  applied  to  them 
with  a  brush,  and  after  this  is  washed  cff,  a  little  gum  water  is  dropped  in 
the  place.   A  steel  point  is  here  frequently  necessary  to  take  ofi*  the  spots  of  ink. 
The  edges  of  the  stone  are  very  apt  to  get  soiled,  and  generally  require  to  be 
washed  with  an  old  sponge  after  reeling  in ;  they  must  also  frequently  have 
an  a^lication  of  acid  and  gum,  and  sometimes  must  be  rubbed  with  pumice- 
stone.     If  an  ink  is  too  thm,  and  formed  of  a  varnish  not  sufliciently  burned, 
H  will  sml  the  stone,  notwithstanding  the  proper  precautions  are  taken  of  wet 
ting  the  atone,  and  preparing  it  properly  with  add  and  gum ;  and  d,  on  the  other 
l-and,  tha  ink  ia  too  thick,  it  will  tear  the  lighter  tints  of  the  chalk  from  the 
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■tone,  and  thus  <}estioy  Ibc  drawing.     The  cgiiaidvrntion  of  these  cirotimsUllEM 
leads  at  unco  to  lli»— 

Praiehlet  of  the  PnnI'mg. — Tile  accidents  jiut  mentioned  arite  at  ilie  extreme 
|>oillt<  of  the  icbIb  Bt  which  the  prinline  inks  can  be  used,  for  it  is  evideot 
that  the  only  inks  that  can  be  used  are  tlioae  wliich  arc  between  these  puiiiU: 
that  ■■,  thicker  than  that  vrbich  soEli  the  elone,  and,  at  the  same  (inie.  thinner 
Ibau  llial  which  lakei  up  the  drawing.  Liiliographera  are  suinetiines  unable 
to  print  ID  very  bot  weather,  the  reuon  of  which  may  be  deduced  from  the 
foregoing.  Aity  increase  of  leinperalure  will  diminiah  the  conaistency  of  the 
printing  ink;  llie  stone  niii  therefore  soi!  with  an  ink  which  could  be  enfely 
used  at  a  tower  teniperulure ;  hence  a  tliiler  ink  must  he  uied.  Now,  if  ibc 
temperature  should  increase  bo  moch  that  (he  stone  will  soil  with  any  ink  at  till 
'«<•  ihiek  than  that  which  will  take  up  the  drawing,  it  is  evident  that  the  |>rini- 
ing  must  ceaie  lilt  a  cooler  temperature  con  be  uhtained  ;  for  as  the  drawing 
chalk  is  effected  equally  with  Ibe  prinung  ink,  the  same  ink  will  tear  up  (he 
drawing  at  the  ditTerenl  degrees  of  t«niperBlure.  Thi>,  though  it  someliraea 
Qceurs.  is  a  rate  cato ;  but  it  shows  that  it  is  desirable  to  draw  with  a  chalk  ur 
ink  of  less  fatness  in  summer  than  in  winter;  and  also,  that  if  the  printing 
room  is  in  winter  artiiiciaUy  heated,  pains  should  be  taken  to  rcgulutc  (be  beat 
as  equally  as  postlhle. 

OUirr  Diffictilliei  in  Printing,  not  referable  to  the  foreguln^  general  Principle. — 
If  the  pressure  of  the  scraper  be  too  weak,  the  ink  will  not  be  given  off  lo  the 
paper  in  the  impreuion.  although  the  drawing  has  been  properly  clinrgeil  willi 
.t.  Defects  will  also  up{>ear  from  the  icraper  being  notched,  or  nut  correctly 
adjusted,  or  from  any  uuevenncH  in  the  leather  or  paper.  Alter  priming  u 
considerable  number  of  unpressions,  it  sumetimes  hiippens  that  the  drawing 
tiikes  the  ink  in  dark  spots  in  different  parts.  This  arises  from  llie  priming 
ink  becoming  loo  strongly  united  with  tlie  chalk  or  ink  of  tlie  drawing,  and  if 
the  printing  he  continued,  the  drawing  will  be  spoiled.  The  reaion  uf  this  is 
caaily  aacerioined.  The  printing  in);  resdily  unilei  with  the  drawing,  and 
being  of  a  thinner  conaisleucy,  it  will,  by  repeated  applications,  accumukie  on 
the  Unes  of  the  drawing,  soften  them,  and  make  them  spread.  In  this  case,  it 
is  necessary  to  stop  the  printing,  and  let  the  stone  rest  for  a  day  or  (wo,  for  the 
drawing  to  recover  its  proper  degree  of  hardness.  If  ibe  dian'tiig  should  run 
■inutty  from  any  of  the  causes  before  enumerated,  the  following — 

Mixture  for  cUimiog  the  Drawing  mhUe  printing  must  be  used. — Take  equal 
parts  of  water,  spirits  of  turpentine,  and  oil  of  olives,  and  shake  them  well 
together  in  a  glass  pliial,  imtd  the  mislure  froths ;  net  the  stone,  mid  throw 
this  froth  upon  it,  njid  nih  it  genilj'  with  «  soft  apouge.  The  printing  ink 
will  be  dissolved,  and  the  whole  drawing  will  also  disappear,  though,  on  a  close 
euininalian,  it  can  be  distinguish cd  in  fnint  white  linei.  On  rolling  it 
again  with  priutitig  ink,  the  drawjrjg  will  gradually  re-appeat,  as  clear  as 
at  firsL 

Bleached  Paper  unfit  for  Lithographic  Printing, — Accidents  someiimes  occur 
in  the  printing  from  the  qualities  of  the  paper.  If  the  paper  have  been 
made  from  raga  which  have  been  bleached  with  uity-niuiialic  acid,  the  draw- 
ing will  he  incurably  spoiled  after  thirty  Impressions.  Chinese  paper  has  some- 
timM  a  strong  taste  of  alum ;  this  is  eo  fatal,  as  sometimes  to  spoil  the  drawing 
after  the  fii-st  impression.  When  llie  stone  Is  to  be  laid  by  after  printing,  in 
order  lliat  it  may  be  used  again  at  a  fiilurc  period,  the  drawing  should  be  rolled 

Preiervijij  Ink;  as  the  printing  inks  would,  when  dry.  become  so  hard, 
that  the  drawings  would  .ot  take  fresh  printing  ink  freely.  The  following 
U  the  composition  of  ~.be  printing  ink: — Two  parts  of  thick  varnish  of 
linseed  oil,  four  parti  of  tallow,  one  part  of  ^'enelian  turpentine,  and  one 
part  of  wai,  Hiese  must  be  melted  together,  then  four  paits  of  lamp  black, 
very  carefiiliy  and  gradually  mixed  with  it,  and  It  must  be  preserved  for  use 
in  a  close  (in  box. 

Aulagropkic  ink.  Or  that  which  is  suitable  foi  transferring  on  to  ili- 
none  Ibe  writingi  or  drawings  which  have  been  eiecDled  on  paper  prepared 
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i  pouoa  [ho  fo'lnwinK  prupertiei.  Tlie  ink  ougbt 
b>  be  meilinr,  and  loiiiewW  ihicker  llian  Ihdl  uied  immedmtely  on  tUa*- 
>o  that  irbra  it  i>  dr;  on  the  pajHT,  it  ma;  itill  be  nifficiently  vikuiu  t» 
cauK  •dherpnce  to  the  ilone  by  liinple  presmre.  The  following  is  the  com- 
position. Dry  Boap,  and  white  max  free  from  lallow,  nch  100  drachm^ 
mutton  suet  30  dnchma,  »liellac  and  mastic,  each  50  drachios.  lanip  black,  30 
to  35  drachnu :  theM  materiali  ure  to  be  melted  in  tli«  iray  deacribed  fur  Utho- 
gmphie  ink.   (See  Ihk,  Litruoilapiiic.) 

JiuU^raphk  Paper, — The  operation  by  which  a  writing  or  drawing  ii  trui*- 
ferrtd  fmm  paper  to  ilone,  not  only  affurdi  the  means  of  abridging  labwir,  but 
■l»  of  producing  the  writings  or  drawioga  ui  the  sanie  direclioo*  in  which  they 
hare  been  traced;  whereai,  wlien  they  are  executed  imniedialsly  on  iiooe, 
(hey  muit  be  performed  in  a  dirrciion  oppoiite  to  that  uhich  ihey  are  eventuallj 
to  lure.  TTiiu  it  is  Decenary  to  draw  those  uhjeeti  on  the  left,  which,  in  tin 
impreaiion.  are  to  he  on  the  dglit  band.  To  acouire  the  art  of  revcnirig  ■ubjecti 
wbcti  writing  or  drawing,  it  botli  difficult  and  tedious;  while,  by  the  aid  of 
IMnspareiit,  and  of  autognphic  paper,  impreuions  may  be  readily  obtained  in 
the  mne  direction  u  that  in  which  the  witting  or  the  drawing  has  been  mad* 
In  order  to  make  h  truufer  on  to  atone  of  a  writing,  ■  drawing  in  lilho 
graphic  ink,  or  in  crayons,  or  an  imprettion  from  a  copper  plate,  it  is  neceisarv 
Ist,  that  the  drawing  or  transcript  should  he  on  a  thin  and  flexible  substance, 
mch  as  common  paper;  2d,  that  it  Bhoald  be  capable  of  being  eaiily  detached 
fiom  this  lubttnnce,  and  traniferred  entirely  on  Id  the  itone,  by  means  of  pre*- 
nre.  But  as  the  ink  with  which  a  drawing  ii  traced  peiietrstM  the  paper  to  % 
certain  deptli,  and  adherei  to  it  with  considerable  tenacity,  it  would  be  difficult 
to  detach  them  perfectly  from  each  other,  if,  between  the  paper  and  the  draw- 
ing, some  substance  was  not  interposed,  which,  by  the  pottiun  of  waler  which 
it  is  capable  of  imbibing,  should  lo  far  lessen  their  adhesion  to  eacb  oilier,  that 
they  may  be  completely  separated  in  every  point.  It  b  to  effect  this  that  the 
paper  ii  prepared,  by  cotering  it  with  a  liie,  which  may  be  written  on  with 
facility,  and  on  uhich  l\\e  finest  liiica  niny  be  traced  without  blotting  tJie  paper. 

Various  mean- jf...;   1   ■    i.;.  ■  '  ;  i  ■  i  ■■ .  ii;;ig  ihii  property  topaper.    The  fuU 

lowing  prepnr.L-,  ;.  ■-•ftd,  and  which,  wbeli  the  opera- 

tion is  perl>>fii.-  :i^,  iidmila  of  the  finest  and  most 

delicate  Ibea  bein^  perfectly  transferred,  without  learlng  the  faintest  trace  on 
the  paper.  For  tbi*  purpose,  it  is  necessary  to  take  a  strong,  unsixed  paper, 
and  to  spread  over  it  a  tiie  prepared  of  the  following  materials:  starch,  120, 
pim  arabic,  40,  and  alum,  21  drachma.  A  moderately  thick  paste  is  mode  with 
the  ftarab,  by  means  of  heat ;  into  this  paste  is  tlirown  the  gum  Arabic  and  dia 
alum,  which  have  been  previously  dissolved  in  water,  and  in  separate  Tcasela. 
The  whole  is  mixed  well  together,  and  it  is  applied  warm  to  the  sheets  of  paper, 
by  means  of  a  brush,  or  a  lar^  Sat  hair  pencil.  The  paper  may  be  coloured 
by  adding  to  the  size  a  decoction  of  French  berries,  in  the  proportion  of  ten 
drachma.  After  having  dried  this  autographic  paper,  it  ia  put  into  a  preai,  to 
flatten  the  sheets,  and  they  are  made  smooth  by  placing  them,  two  at  a  tiiDe, 
a  stone,  and  passing  them  under  the  scraper  of  the  lilh<^aphic  press,  it, 
'  ing  this  paper,  it  ia  found  to  hare  ■  tendency  to  blot,  this  inconvenience 
•»  remedied  by  rubbing  it  irith  finely-powdered  aandatac.  Annexed  ia 
tr  recipe,  which  will  he  found  equally  uieful,  and  which  has  the  advantage 
of  being  applicable  to  thin  paper,  which  has  been  siicd.  It  requites  only  that 
the  paper  be  of  a  firm  texture ;  namely,  gum  tngacanth,  4  drachmi ;  glue,  1 ; 
Spanish  while,  8 ;  and  starch,  4  drachms. 

Tlie  tragacanth  ia  pat  into  a  large  quantity  of  water  lo  dissolve,  thirty-tix 
hours  before  it  is  mixed  with  the  other  materials ;  the  glue  ia  to  be  melted 
over  the  fire  in  the  usual  manner.  A  paste  is  made  with  the  starch  ;  and  after 
having,  whilst  warm,  mixed  these  several  in^sredients,  the  Spanish  white  is  to 
be  added  to  them,  and  k  layer  of  the  iixing  la  to  be  spread  over  the  paper,  us 
■heady  detcrii)cd,  taking  care  to  agitate  the  mixture  with  the  brush  to  the 
*  ~  of  the  vessel,  that  the  Spanish  white  may  he  equally  distributed 
Kill  hereafter  point  out  the  manner  in  which  it  is 
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the  liquid.    We  will  hereafter  point  oi 
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necessary  lo  pracfcd,  in  order  to  transfer  uritinfi  and  drawing).  Tbere  are 
twoauloBrapnicprocpHpi  which  faciiiiaie  and  abridge  this  kind  of  work  when  it 
ii  desired  to  copy  a  rac-similp.  or  a  drawing  in  lines.  Thefint  of  Iheie  melhods 
is  to  trace,  with  autographic  ink,  any  subject  whatever,  on  a  trnnipBrenl  paper. 
irhich  ia  free  from  grease  and  from  resin,  like  that  wliicli,  in  coninierce,  is 
knowD  b;  the  name  of  papier  vfgiial,  and  to  transfer  it  to  stone ;  this  paper  to 
be  covered  tritii  a  traniparent  size:  this  operation  is  diflicult  to  execute,  and 
requires  much  address,  in  consequence  of  tne  great  tendency  which  this  paper 
has  to  cockle  or  wrinkle  when  il  is  wetted.  Great  facilities  will  be  found  from 
(Utng  tissue  paper,  impregnated  with  a  line  white  vamish,  and  afterwards  sized 
over.  In  the  aecoud  proceag,  tranaparcnt  leaves,  formed  of  gelatin,  or  fish  glue, 
■re  employed,  and  the  design  is  traced  on  them  with  the  dry  point,  so  as  to 
make  an  incision ;  these  traces  are  to  be  filled  up  willi  autographic  ink,  and 
then  transferred.  We  will  describe,  in  their  proper  places,  these  processes,  as 
well  as  that  of  transfetring  a  lithographic  or  a  copper-i>Iale  engraving. 

Autngri^hk  Proctuet. — To  transfer  n  drawing  or  writing  to  stone,  It  is  made 
with  ink  on  paper,  both  prepared  in  the  way  we  liave  described.  A  crayon 
drawing  may,  on  an  emergency,  be  executed  autographically  ;  but  this  mode  of 
procedure  i<  too  imperfect  to  admit  of  procuring,  by  its  means,  neat  and 
perfect  proofs;  besides,  it  is  as  expeditious  to  draw  immediately  on  the  stone. 

In  order  to  write,  or  to  draw  on  Butographic  paper,  a  little  of  the  ink  of 
which  we  have  given  the  composition  is  diluted  with  water,  taking  care  to 
use  only  rain-water,  or  such  as  will  readily  dissolve  soap.  The  solution  is 
facilitated  by  slightly  warming  the  water  in  the  cup ;  and  the  ink  is  dissolfed 
by  rubbing  the  end  of  a  stick  of  it  in  the  manner  practised  with  Indian  ink. 
There  should  be  no  more  dissolved  at  a  time  than  will  be  u.<ed  in  a  day,  fur  it 
does  not  re-dissolve  so  well,  neither  is  the  ink  so  good,  particularly  for  delicate 
designs,  after  it  has  been  left  to  dry  for  several  days.  Ibis  ink  should  have  the 
conBistence  of  rather  thick  cream,  so  that  it  may  form  very  black  lines  upon 
the  paper;  if  these  lines  are  brown,  good  impressions  will  not  he  obtained.  A 
sheet  of  white  paper  is  placed  under  the  hand  wbife  writing,  in  order  tiiat  it 
may  not  grease  the  autographic  paper. 

The  stone  used  for  autography  should  be  polished  with  pumice-stone,  and  the 
impressions  wilt  be  neat  in  proportion  as  the  stone  is  well  polished.  Auto- 
graphic work  may  be  executed  either  cold  or  warm  -,  that  is,  taking  the  stone 
al  its  ordinary  temperature,  or  making  it  warm  hy  placing  it  near  to  the  lire, 
or  exposing  it  to  the  heat  of  the  sun ;  if  the  lirit  means  of  warming  be  used, 
care  uiiut  be  taken  tiiat  the  fire  be  not  too  hot,  or  it  will  crack  the  stone ;  the 
temperature  given  to  it  should  be  about  that  of  an  eortben  vessel  filled 
with  lukewarm  water.  The  work  may  be  done,  though  less  perfectly,  without 
wanning  the  stone.  When  the  stone  is  thus  prepare^  it  is  hied  in  tlie  press, 
and  the  paper  on  which  the  writing  is  made  is  applied  to  it.  The  stone  may  be 


rubbed  w 


a  tin. 


.  slighdj  moistened  with  spirits  of  turpentine  )  and  in  everj 


is  necessary  that  it  tie  made  perfectly  clean.  The  turpentine  is  left  to 
evaporate;  and  from  five  to  eight  minutes  before  the  paper  is  applied,  it  is 
wetted  with  a  sponge  and  water  on  the  reverse  ude  to  that  on  which  the 
writing  is  done,  so  that  the  molilure  may  penetrate  throughout  evet7  pari. 
The  water,  however,  must  not  appear  on  the  paper  when  it  is  about  to  be  Uid 
on  the  stone;  but  any  superabundance  which  may  remain  on  it  must  fae 
removed  by  a  pressed  sponge.  When  the  paper  is  brought  to  the  proper  stale, 
it  is  taken  by  both  hands  at  one  of  its  extremities,  and  placed  lightly  aud  gra- 
dually upon  the  stone,  so  that  there  may  be  no  plaits  formed  in  it,  and  ihni  il 
may  be  equally  applied  over  it*  whole  surface.  Care  must  be  taken  so  lu  fix 
the  scraper  that  il  may  bear  steadily  on  the  autographic  paper;  for  if  it  remove! 
ft  at  all  it  will  change  the  place  of  pretiure,  and  the  bnea  will  be  doubled. 
There  should  be  at  hand  five  or  »i«  sheets  of  very  even  mackle  paper,  so  that 
they  m»f  be  changed  with  each  impression.  The  paper  on  which  the  writing 
or  drawing  is  made  being  placed  on  the  stone,  it  is  covered  with  a  sheet  ot 
nackla  paper,  and  subjected  to  a  slight  action  of  the  pr<'u ;  then  to  a  second,  a 
third,' or   even  to  more,   until  it  is   believed  that   the   writiug  is  perfectl/ 


LITUOGB&PHT.  m 

At  «Mfc  Mnkc  of  the  pros  tlw  maMe  t»prt.  wbU  Im>  iniUM 
willidraa*.  and  a  diy  ihrM  mhuitDtcd  ia  iti  pbotw  All  ikaa 
nsaticau  icqiiiK  to  be  pcHivnwd  with  eipediluui  and  deiteri^,  psrticalH]* 
What  th«  None  u  warm.  Hie  aext  thaig  ii  lo  detach  (be  uMmfiue  pafiii. 
■Ibdi  vill  be  louad  adhering  da«el}-  U>  t!>«  sume.  To  effect  tho,  it  U  sci 
veued  with  a  tptinge,  »  thai  fvcit  pan  of  it  maj  be  peHectl;  penrtralfd  hjr 
the  watrr;  it  mav  then  be  teraoved  with  /adlilj,  enliielj  drta^ini  tram  tke 
vriting,  which  «rill  remaiD  adheiiog  straagly  to  the  Rone.  If  thn  optralicM^ 
which  requires  mach  pacticc,  he  well  ftrfanntd,  thetr  will  not  be  found  the 
iligfatesi  tne«  of  ink  [emainiiig  oa  the  paper.  Should  ihere  be  anj  linea  not 
(nU  toarted  on  the  itone,  they  maj  be  retouched  wiih  a  pen ;  or,  *hkh  if 
beOer,  iritb  a  bait  pendl  aad  ink ;  but  vhoi  ibii  ii  done,  care  inuM  be  taken 


that  the  Hooe  ii  qiiile  dx;.  A  part  of  the  umg  of  the  paper  may  he  found 
diaanlTrii  and  adherinc  to  ihe  Elone ;  ihii  may  be  reroored  by  vaahlDg  or 
tO^itif  inhbiltg  it  trith  a  vet  (poage.     The  stoue  is  then  prepftd  «ilh  aqu*- 


&rti^  and  Ibe  imprenJoD  taken. 

Anto^nphj  it  not  confined  lo  the  tratiiferriiig  of  vtilingi  or  drawine*  done 
•ith  autographic  ink ;  by  it*  meant  a  Ciaaifa'  miy  be  obtained  Irma  m  uiert  at 
ordinarjr  prinled  paper,  and  with  inch  exacmen,  that  it  would  be  impoeuble, 
excepting  to  well-prsctiaed  eye*,  to  perceive  the  lewt  difference  betaecii  that 
printed  in  the  uaoal  nay,  and  that  obidi  irai  the  result  of  the  auto^r^hic 
procen.  Thii  mode  ii  eery  oaeful  vhen  it  ii  draired  u>  unite  oriental  char 
lacten,  which  mi^ht  not  be  poaaeaied  vith  word*,  phrases,  or  linn  composed  in 
onlinaTT  trpofraphy.  Id  tfaii  way  bare  been  eieoiled,  in  ihe  oSicc  of  th«. 
CooDt  M.6'.  de  IdSteyrie,  at  Paris.  ((Vom  whose  7>Bpen  oo  this  sul^ecl,  contained 
In  lilt  Journal  del  Cimaaiaaiiea  Unella,  aud  tnuulntrd  by  ibe  learned  editor  of 
the  FroniHn  Jmimai,  our  account  of  this  art  is  largely  indebted,)  many  pieces,  in 
which  the  French  or  the  Latin  Ungnage  wu  iutcrmiled  with  words  or  phraiei 
ia  Chinese  or  Aratiic.  In  ilii*  s^ime  vay  hiive  alsu  been  executed  typographic 
map*,  in  which  all  the  details  were  hthc^raphic,  while  the  name*  of  placet 
veie  at  firat  produced  by  typography,  lUd  aAcrwards  by  autocraphy.  Thta 
operaltoa  is  begun  by  composing  and  arranging,  in  a  tj-pogr^hic  fonn,  tha 
words,  Ihe  phrases,  or  the  lines,  as  they  ought  to  ttund.  The  autographic 
paper  is  printed  on  by  tins  form,  and  the  wordi  in  the  oriental  longus^es  are 
aflerwards  written  in  the  spaces  which  hud  been  left  (or  them  ;  the  whole  ia 
tranafemd  to  a  tlone,  which  it  prepared  for  the  purpose,  and  from  which  the 
impwwiow  i*  taken  in  the  usual  manner.  The  tame  mode  is  ponued  in  making 
gcogr^hical  maps.  After  having  printed  the  names  on  autographic  paper,  the 
other  paita  a[  the  map,  but  without  the  name*,  are  drawn  immediately  on  the 
ttone;  and  after  having  printed  the  namet  on  white  paper,  the  map  drawn 
vpod  (be  atone,  it  printed  on  this  tame  paper. 

Hue,  or  line  engravings  on  copper,  where  the  work  is  not  very  close,  may 
be  mtutMietl  in  a  similar  way.  For  thii  purpose  the  iiiste  of  copper  is  covered 
over  vitn  the  autogtmphic  ink,  diluted  to  a  convenient  ci'ui''lence.     Instead  of 

a  warmed  and  mixed  well 

ugbt  to  be  1 
the  impreauon  in  the  rolling  press  on  a  sheet  of 
latogf^ihic  paper,  tbe  transfer  may  be  immediately  made  on  the  ttone,  after 
baring  mbbed  it  with  a  sponge,  dipped  in  turpentine.  It  is  necessary  lo  give 
(hrM,  fenr,  or  eren  more  strokei  of  the  press,  increuing  the  pressure  at  every 
■niifiMilii  itRlke ;  the  other  processes,  which  we  have  already  described,  are 
Kkewiae  lo  be  toOowei.  It  ia  well  to  wait  twenty'four  hours  before  prefxirin^ 
!m  Monc,  in  order  that  it  may  be  better  penetrated  by  tlie  transferring  ink  ;  it 
it  then  gmnmed  and  washed,  and  is  ready  for  use.  Ttiis  process,  which  has 
not  yet  eoms  much  into  use  amongst  lithographers,  merits  the  attention  of 
artists;  far  it  afford*  Ihe  meant  of  re-producing  and  niulliplyiug  geugrapnical 
tbnta,  and  agma  kind*  ^of  engntringa  indefinitely,   so   that  they  might  b« 
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fiimttlicd  at  a  ijiurter  uf  ilieir  [ir^Kiit  actual  value ;  iii  t,\cu  all  ihoae  which  nre 
done  in  line*,  or  thoie  m  irhicli  the  thsdowi  are  boldly  eipcutc):  are  capable 
of  re-jtroducing  good  impreBiiani  by  meani  of  autography.  I'he  opcratiou 
becomes  eitnmely  difficult  when  it  ii  necessary  to  transfer  line  line  engrav' 
logs;  the  line*  o!  tliess  are  so  delicate,  and  lo  near  to  each  other,  that  they 
either  do  not  take  «eU  on  the  atone,  or  are  apt  to  be  cruihed  nnd  confounded 
together  by  the  effect  of  the  preuure.  Much  practice  and  address  are  necea- 
aary  lo  obtain  tolerable  impressions ;  and  this  part  of  the  art  requirea  improve- 
ment. In  the  office  of  M.  de  Lasteyrle,  they  bad  succeeded  in  transrerring  to 
stone  a  imall  highly- finished  engraving,  vhlch  had  been  printed  on  common 
half-sized  pAper.  After  having  dry-polished  a  stone  very  perfectly,  it  woa 
warmed,  ruiibed  with  ipiriti  of  turpentine,  and  then  the  engraving  was  applied  to 
iu  Thii  had,  however,  been  prenouslj  dipped  into  water,  then  covered  on  the 
reverse  side  with  turpentine,  passed  again  through  the  water,  so  as  to  remove 
the  ■DperSuous  turpentine,  and  then  wiped  with  unsized  paper.  In  this  stale 
the  engraving,  still  damp  with  the  turpentine,  Wat  applied  to  the  atone  and  sub- 
mitted to  pressure,  when  it  afforded  very  good  impressions;  the  preparation 
not  being  appUed  until  it  had  remained  on  the  stone  for  twenty-four  hours. 
The  difficulties  increase,  of  course,  in  proportion  to  the  size  of  the  engravingk 
which  it  is  desired  to  transfer  to  the  stone.  Attempts  have  been  made  lo 
transfer  old  engravings;  I  hey  have,  however,  succeeded  but  imperfectly.  It 
would  be  rendering  an  essential  service  to  the  art  to  discover  a  mode  of  rc-pro- 
ducing  old  engravings  by  means  of  autograpliy ;  the  undertaking  presents 
difflcujlies,  but  from  the  attempts  made,  aiicaess  does  not  seem  improWble. 

Printing  from  tteo  or  mor*  Sloaet  teith  lUffereiU  Coloured  Jiiki. — This  is 
managed  by  preparing  a  coinpoiitlon  of  two  parts  of  wax,  one  of  soap,  and  a 
little  vermilion.  Melt  tliem  in  a  saucepan,  and  cast  then  into  sticks;  this 
most  be  rubbed  up  with  a  little  water  to  the  thickness  of  cream,  and  applied  to 
the  surface  of  a  polished  stone.  An  impression  is  taken  in  the  common  way  from 
a  drawing,  and  applied  to  a  alone  prepared  in  this  manner,  and  passed  through  the 
press,  taking  care  to  murk,  by  means  of  this  impression,  two  points  in  the  margin 
corresponding  on  each  of  the  stones.  The  ariial,  having  thus  on  the  second  stone 
an  impression  from  the  first  drawing  lo  guide  him,  scrapes  away  the  parts 
which  he  wishes  to  remain  white  on  tiie  finished  impression.  The  stone  miiat 
now  be  etched  with  acid  stronger  than  the  common  etching  water,  having  on? 
part  of  acid  and  twenty  of  water ;  the  whole  is  then  washed  off  with  turpen- 
tine :  this  plan  is  generally  used  in  printing  a  middle  lint  from  the  second 
■tnne  ;  the  black  impression  being  given  from  the  lirst  stone,  a  flat  transparent 
bmwiilsh  tint  i>  given  from  the  second,  and  the  while  li;;litt  are  where  the  paper 
ii  led  untouched.  The  dots  are  necessary  b>  regulule  tiie  pinuing  of  the  pupcl 
DD  the  corrvspunding  parts  of  the  two  stones. 
LITMUS.     See  Archii.. 

LIXIVIATION  is  the  application  of  water  to  the  Hied  residue  of  bodies,  for 
the  purpose  of  eitrftcting  the  saline  part. 

LOCK.  A  secret  fastening  for  doors  and  similar  things,  provided  with  an 
arrangement  of  mechanism  designed  to  prevent  the  introduction  or  successful 
operation  of  any  inslniment  but  that  which  has  been  made  to  tit  it,  called  the 
key :  there  is  con!ei[uenily  a  numerous  variety  of  kinds,  qualities,  and  sizes.  A 
good  lock  has  justly  been  regarded  as  the  masterpiece  of  smithery.  Locks  are 
ot  great  anUquity;  according  to  M.  Denon,  they  were  known  in  Egypt  more 
than  4O00  years  ago,  which  he  inferred  from  some  sculptures  ou  the  great 
temple  at  Kamac,  represenlins  locks  similar  to  those  now  used  in  that  country. 
It  would  be  difficult  to  trace  the  earliest  introduction  of  locks  into  this  country ; 
but  there  is  much  evidence  showing  (hat  very  curious  and  secure  locks  were 
made  mauy  centuries  ago.  It  appears,  also,  from  the  celebrated  MSS.  of  "  the 
famous  earl  of  Glamorgan,''  entitled  "A  Ccitluiy  tif  ihr  Namet  and  ScantUags  nl 
meA  Invmtioni,"  &c.  as  he  could  "  call  to  mind  to  liuve  tried  and  perfected," 
(bis  notes  being  lost,)  that  ihc  art  of  lock-making  was  then  by  no  means  In  tt* 
inAincv.  na  he  refers  to  things  m  if  they  were  llieu  well  known  which  wo  now 
ngwi  as  impattant  securities  lo  locla  ;    und  some  of  them  are  commonljr 
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are,  however,  made,  nol  only  vithout  tumblert,  but  tveti  wilbout  wanls,  for 
Tery  common  putposes ;  snd  being  sufiicienlJy  Kcure  fur  ibeir  objefta,  and 
extremely  cheap,  tbey  are  manufactured  in  immenBe  quantiliei,  chiefly  at 
Wolverbampton . 

In  1774  a  great  improvement  in  llie  =.-1  of  locSPmakitig  in  ibla  country  itai 
made  by  Barron,  vho  took  out  a  patent  for  it;  it  consisted  in  the  cmplnyment 
uflno  or  mare  tumblers,  of  rhc  name  constniction  as  the  eingle  oue  before 
deicribed,  but  id  arranged  that  tliey  must  be  operated  upon  at  diflirrent  b'Tnea, 
or  altogether,  and  be  moved  through  different  spacpf,  so  as  lo  lake  them  com- 

Eletely  out  of  their  notches,  and  let  the  boll  free  lo  be  acted  upon.  The  proper 
ey  had  therefore  a  number  of  steps  at  the  end  of  (he  hit,  exactly  adapted  lo 
move  the  timiblen  through  the  required  ipaces ;  and  as  this  arrangement  admits 
of  almost  endless  variations,  and  is  extremely  simple  in  itself,  very  beautiful 
and  secure  locks  have  continued  to  be  manufactLired  on  the  principle  ever  since 
It  was  broueht  before  the  public.  Hie  facilities  of  "getting  them  up"  are  now 
so  great  at  Wolverhampton  and  Birmingtiam,  by  the  application  of  machinery 
for  fabricating  the  separate  parts  of  these  (as  well  as  other)  locks,  chiefly  by 
stamping,  that  the  wholesale  price  of  a  good  Barron's  patent  cabinet  lock  does 
lot  exceed  two  shillings;  the  sale  of  them  is  consequently  very  great. 

Although  no  doubt  can  be  entertained  that  Barron  really  invented  the  lock 
ve  have  been  noticing,  it  appears  from  ihe  statements  of  Mr.  Ainger,  that  (he 
''gyptian  locks  now  in  use  are  constructed  upon  the  same  principle  as  Bai^ 
'on's ;  and  as  these  modem  Egj'ptian  locks  are  the  same  as  those  observed 
.ipon  the  great  temple  at  Kamac,  the  invention  which  we  hate  been  regarding 
la  our  countryman  »,  and  of  modem  date,  is  upwards  of  4000  years  old,  The 
bolt  and  a  bxed  part  uf  the  Egyptian  lock  are.  as  described  by  Mr.  Ainger, 
;Bch  pierced  nrith  any  number  of  holes,  arranged  in  any  choien  form  ;  those  in 
the  bolt  and  in  the  fixed  pnri  coinciding  when  the  bolt  is  locked.  These  bolts 
are  occupied  by  pins,  which  are  coDtained  in  the  fixed  part,  and  descend  into 
the  bolt,  to  as  to  prevent  its  motion  till  they  are  removed  wholly  into  the  fixed 
part.  This  is  effected  by  a  key  having  the  same  number  and  arrangement  of 
pins,  and  of  such  a  length,  that  they  rievate  the  ends  of  the  pins  in  the  lock  to 
the  plane  of  motion  between  the  bolt  and  the  flxed  part.  This  key  is  intro- 
duced laterally  (hroueb  a  long  (ube,  at  the  end  of  which  it  acts  vertically  upon 
the  pins,  whose  position  therefore  it  is  difficult  to  ascertain.  The  iiame  prin- 
ciple was  afterwardi  adopted  by  Mr.  Brnmah,  (who  took  out  a  patent 
for  it  in  1TS4,)  but  without  ihe  assistance  of  wards;  his  mode  of  application 
was,  however,  very  diflbrent  from  the  Egyptian.  In  the  latter  the  security  arose 
from  a  concealment  of  the  number  and  position  of  the  impediments ;  in  Mr. 
Bramah's  these  were  discoverable  on  inspection,  and  the  security  depended  on 
the  various  degrees  of  molion  which  the  several  impediments  required  before 
the  bolt  could  be  moved.  The  office  which  in  ordinary  locks  is  performed  by 
the  extreme  point  of  the  key,  is,  in  Bramah's,  assigned  to  a  lever,  which 
cannot  approach  the  bolt  till  every  part  of  the  lock  has  undergone  a  change  of 
poiition-  The  lock  may  b«  described  as  consisting  of  a  common  axis,  on  wbicli 
six  levers,  crossing  the  face  of  the  lock,  are  united  as  in  a  joint.  Ench  of  these 
rests  upon  a  separate  Bpring,  sufficiently  strong  to  bear  its  weight,  or  if  depressed 
by  a  superior  force,  to  restore  it  to  its  proper  position  when  that  force  is  removed. 
The  leven  pass  through  a  frame  fay  separate  grooves,  exactly  fitted  to  their 
width,  hut  of  sufficient  depth  to  allow  them  a  free  motion  in  a  perpendicular 
direction.  The  joint  or  carriage  of  the  levers,  and  the  springs  on  which  they 
—    "  !  fixed  on  a  circular  platform,  turning  on  a  centre,  and  the  tr"*" ' 


this  platform  impels  the  holt  in  either  direction  by  meiuu  of  a  lever.     ' 
inviolable  restraint  upon  this  lock,  by  which  means  it  is  eubjected  only  to 
n  of  Ihe  key,  is  lodged  in  a  thin  plate,  hearing  at  each  extremity  o 


block,  and  having  of  course  a  vacant  space  beneath,  equal  in  height  I 
thickness  of  the  block  on  which  it  rests.  By  this  plate  the  motion  ol  inc 
machine  is  checked  or  guided  in  ihe  following  manner: — on  the  edge  of  the  plate 
which  faces  ihe  movement  iheie  ore  six  notches,  which  receive  the  ends  of  the 
levers  projecting  beyond  the  frame ;  and  while  they  ate  confined  in  this  muuiar, 
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to  eslininte  llie  number  producililp,  wUicii  msj  be  lima  nlleiiiiJtPil :— Let  tlis 
deliominiiliuDii  of  llieiB  levera,  .tc  be  reprewnled  by  IwcItb  aritlimetical  pro- 
gresiionala,  wo  find  that  [he  Tiltiiiiale  number  of  cliHiigEs  that  niny  be  made  ia 
iheiT  place  or  siltiatlon,  ia  479,001, .'JDO;  and  by  adding  uiie  more  to  that  number 
or  levera,  &c.,  tliey  wuuld  tbfo  be  capable  of  receiving  a  number  ot  chongea 
equal  to  6,227,019,500,  and  an  on  progrenively,  by  Ihe  addition  of  uihen  in 
like  manner,  to  infiDity.  From  this  it  appean  that  one  lock,  coniisting  of  Ihir- 
tceo  oT  ibe  above-mentioned  levera,  sliders,  or  otber  movable  parts,  may  (by 
changing  their  places  only,  witbout  any  diflerencc  in  motion  or  siie)  be  mndo 
to  require  tbe  naid  immense  number  or  keya,  by  nblch  the  lock  could  only  be 
opened  under  all  its  variation  a." 

Stalemcnls  like  Ilie  foregoing,  apparently  rounded  upon  just  reasoniiijg. 
obtAined  for  Bramah's  patent  an  extraordinary  degree  of  repiitalion,  and,  lor 
the  patentee,  during  many  years,  a  very  lucrative  trade ;  but  this  and  other 
improvementx  induced  a  corresponding  study  in  the  art  of  pickiiig,  vbich  ^ally 
nbtuned  a  lrium]ih  over  Bramah's  invention ;  and  had  Ji  not  been  fur  Ibe  dis- 
coveiy  of  nen  means  of  baffling  the  picker's  art,  by  the  introduction  of  Jhbt 
notches,  the  reputation  of  iheae  admirable  locks  would  have  been  destroyed; 
but.  from  the  opparent  imlioasibaity  of  discovering  the  false  from  the  true 
notches,  or  of  ascertaining  those  nhich  assbt  from  those  which  do  not  aaiist  in 
the  eflret  the  lock  i>  now  deemed  inviolable;  It  Is  manufactured  very  cxten- 
aivety,  and  sold  at  very  moderate  jiricea. 

In  1805,  Mr.  Stansbuiy,  an  American,  came  over  to  this  country  aith  a  new 
lock,  which  he  patented,  and  was  very  assiduoua  iu  endeavouring  to  gel  it  intro- 
duced; in  which  attempt,  however,  lie  met  with  so  lit'Ie  encouragement,  that 
it  might  be  deemed  a  fadure.  Nevenheles«,  there  waa  sufficient  originality  in 
hia  contrii'ance  to  merit  a  notice  in  this  place :  ibe  key  was  of  the  ordinary 
shape  of  llioao  with  a  pipe,  but  longer  and  nanower  in  the  bit,  on  the  lower 
aide  of  which  were  a  number  of  pina  projecling  from  ita  surface  ;  the  key  bad 
DO  wards,  and  the  lock,  consequently,  none;  the  boll  was  not  moved  by  the  key 
immediately,  but  through  Ihe  instrumentality  of  a  revolving  circular  plate, 
attached  to,  and  underneaih  which,  was  a  fixed  pin,  that  took  inio  a  notch  in 
the  bolt ;  it  was  therefore  the  oflice  of  the  key  to  remove  the  impedimenta  lo 
the  motion  of  tbe  revoli-ing  plate,  which  impediments  consisted  in  a  number  of 
pini  passing  through  It  and  another  fixed  circular  plate  nr  bridge  undenicatli, 
the  said  puia  being  pressed  through  bath,  and  made  flush  with  the  autfac«  of 
the  upper  by  the  action  of  iprings  rivetlcd  lo  the  bridge.  TUe  two  plates  thu« 
locked  together  were  separated  by  the  projecting  ptus  upon  Ihe  key.  which, 
entering  tbe  holes  in  the  upper  pfale,  pressed  Ihe  spting  pins  out  of  ihem  and 
turned  the  plate  round.  The  pm~holea  in  the  circnlar  pinles  were  not  oppoaile 
to  the  key-bole,  but  an  one  side  leading  lowarda  the  bolt,  ao  that  to  Rnd  them 
oul  it  was  necesaary  lo  push  (he  key  ilighily  against  the  pkle  whilst  turning  it 

Mr.  LawBon  eubaequeutly  look  out  a  patent  for  n  lock,  the  nddltionul  secnrity 
in  which  cnnalsted  in  the  employment  of  a  sliding  curtain,  which  ia  drawn 
before  Ihe  key-hole  In  Ibe  act  of  unlocking,  thus  rtroderlng  It  Imposaible  to 
move  the  bolt  whilst  a  pick  remained  in  the  aperture. 

In  16IG  a  lock  was  invented  by  Mr.  Kemp,  of  Cork,  tbe  lecurity  of  which 
coiwated  in  the  adaptation  of  tumblers  or  altders.  operated  upon  by  two,  three, 
oi  more  small  concentric  tubes,  of  different  lengths,  placed  inside  the  luirTel  cj 
l)  ;  key.  Tlieae  tubes  were  made  of  such  a  length  as  to  push  back  the  pini  or 
alidera  thot  detain  the  bolt,  to  the  required  positions,  until  each  one  correstiondt 
wilh  the  notch  that  u  cut  in  il  for  the  projeoting  port  of  ihe  bolt  Mr.  Kemp 
calU  hia  invention  the  union  lock,  from  the  circumstance  that  il  unites  the 
qualities  of  Uarron's  and  Rramab's  locks ;  and  from  die  manner  In  which  llie 
combination  is  elTeeted,  it  affords,  according  to  the  inventor,  a  greater  degree 
of  security  than  cilhcr  of  the  former,  or  than  both  of  them  together,  aupposuig 
a  lock  of  eaeh  kind  was  placed  on  (be  same  door;  and  that  a  dishonest  aerfiint, 
who  does  not  possesa  any  particular  ingenuity,  mar  be  instrucled  by  a  lock- 
siiiilb  how  to  take  the  requisite  impressions  of  eillicr  Barrona  or  Bramah't 


Ther 


II  wliich  this  plan  can  be  adrantagnnuly 


We  iliall  conclude  onr  account  of  inventions  of  tliii  claw  with  a  abort  notice 
of  a  lock  for. which  Mr.  EJwin  CoUerill,  of  Binningiiam,  recently  obtain ed  a 
paleul,  and  which  appeara  to  poucu  in  an  eminent  degree  the  adTantagn  of 
itrength,  durability,  and  Mcurity. 

Figi.l,2,3,4,npreteMtdooc-[tKk  U|ioii  Mr.  Cotteriil'i  conalniclion  ;  Fiff  t 
being  a  view  uf  tlie  lock  with  tlic  back  pUle  removud.  aiid  Fig.  2  a  front  view, 
Uif.  3  a  back  view,  and  Fig.  4  a  leclion  of  the  revolving  barrel,  drawn  to  a 
larger  icale.     a  ia  the  caae  of  the  lock,  and  b  a  cylindrical  barrel,  having  a 

Fg.  1. 


3 


riff.  4.  Fig.  3. 


number  of  small  aleel  bolli  e  e,  which  alide  in  radiating  cbtDnela  Id  the  hce  of 
lUe  barrel,  and  are  pceaisd  toward!  the  centre  by  apiral  apringa  d  d,  conlaiued  in 
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lltr  barrel ;  a  groove,  ■  i,  is  ciit  in  the  face  of  llin  bnrrel  aiid  of  (lie  botu,  which, 
when  the  botu  ire  forced  outirards  by  the  ke;r,  farm  k  coutmuous  circular 
chtmncl;  but  when  the  kej'it  urilhdrawn,  each  of  IheitUiler*  i*  forced  in  diflerrut 
decrees  tovBrdii  ihi;  centre,  *o  that  the  wlid  uuru  of  the  bolti  intercept  die 
giuDve  in  [he  barret.  In  this  poailion  of  ibe  bolts  ilia  barrel  ia  held  fast  by  an 
immovable  circular  ring  e,  <rhieb  fii8  into  the  groove  a,  and  haa  notchei  ohicU 
embrace  the  holti.  and  the  barrel  is  thereby  held  fast;  hot  when  the  bdts  ate 
forced  outward  by  ihe  key,  the  groove  in  the  bolts  coineidM  with  the  notched 
ring,  and  the  barrel  may  be  turned  in  either  direction.  /  ia  ao  arm  or  ilud  fixed 
Ui  ilie  circamfctence  ui  Ihe  barrel,  nhicb  fir^t  lifU  one  or  more  tumbler*  at  y, 
and  then  ihood  or  drawi  back  the  lock  bolt,  by  prciihig  againit  the  homi  of  the 
bolt  ttjj.  k  ii  the  latch  boll  wbich  alidea  in  &  chmnel  formed  to  receive  it 
in  the  locli  boll ;  the  boll  is  pressed  outward  by  two  ipira]  spring*,  encloaed  in 
two  cylindrical  caiei  m  m,  let  into  the  beel  of  the  l>o1t,  and  the  bolt  is  drawn 
back  by  a  cam  n,  upon  the  knob  spindle,  and  acting  upon  either  of  Ihe  atudi, 
*tt  a*  Xo  withdraw  tbe  bolt  by  turning  tlie  knob  in  either  direction.  The  key 
eoiiaiita  of  a  cylindrical  item,  having  a  number  of  inclined  zraoves  cut  i[i 
the  eircuiiiference,  nnd  acting  upon  incline*  formed  oo  the  ends  of  the  bolts. 
Tliese  gruoves  vary  in  depth,  slope,  and  the  angle  tiiey  fotm  with  the  axis  of 
the  key,  and  are  cut  by  a  machine,  which  can  be  varied  whilst  working  to  such 
an  eitenl,  tliat  niillioni  of  keys  might  be  cut  which  should  each  differ.  Two 
ley*  only  are  cut  alike,  and  tliese  are  sent  wilh  each  tuck  *old;  and  as  the 
lucks  are  all  made  to  the  keys,  the  liability  of  one  kvy  opening  more  than  oue 
lark  >■  at  once  obviated.  !iliould  an  alleiiipl  be  ntnile  to  open  the  lock  witba 
folw  key,  one  of  the  bolt*  ii  piojected  luo  Far,  and  is  retained  in  that  podtion 
by  a  spring  catch  p,  which  falls  into  the  groove,  so  that  the  tme  key  cannot 
move  the  lock,  until,  by  a  particular  movement  of  the  key,  the  catch  ia 
disengaged. 

Fig.  5.  Fig.  8. 


tiff.  5  and  6  repreMnt  a  padlock  upon  the  tame  principle ;  tig.  5  being  a 
back  view  of  the  lock  with  the  back  plate  removed,  and  shuwin;;  the  luck  as 
apeo;  and  Fig.  6  being  «  aectiou  of  the  lock  with  ilic  barrel  icn.uvcil,  to  show 
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the  m«iiiier  in  wliieli  the  atapU'  in  )ield  when  llie  lock  it  sliiil.  n  is  llie  ease  of 
llic  lock,  and  b  tlic  barrel  cunlamiiig  the  bolti,  limilar  lo  tlist  ulready  described. 
and  belli  by  ■  nolclied  ring  on  tlie  bsck  of  (he  front  plate,  and  therefore  not 
•een  in  the  figure.  On  tlie  back  nf  Ibe  barrel  in  a  portion  of  a  cireuliir  ring  r, 
having  D  gH|i  or  apace  equal  to  the  breadlli  of  the  ihackle  i,  and  a  groove  is 
formed  in  ttic  Klmckte  to  admit  the  ring.  The  lack  is  closed  fay  puiliing  in  the 
ihackle,  and  luniiiig  the  barrel  by  meana  of  the  hey,  so  as  to  bring  the  gap  in 
the  ring  dowimards,  wliereby  the  ring  ilielf  is  brought  into  the  groove  in  the 
(hackle,  and  prevent*  the  shackle  being  withdrawn  ;  by  turning  the  barrel  ■□  ax 
to  bring  the  gap  upwards,  ibe  shackle  is  released  from  the  ring,  and  may  be 
witbdtawn,  no  as  to  be  ditennaged  from  the  staple ;  a  stud  (  on  the  back  of  the 
■hackle  prevents  its  being  drann  out  too  fnr.  Tlie  peculiar  fnrmalion  of  the 
eliding  sbackle  affords  great  strengtii ;  and  from  its  closely  entwining  the  sti>|<le, 
it  becomes  impossible  lo  apply  any  instrument  for  the  purpose  of  wrenching 
it,  whilst  the  cap  at  the  (op  renders  it  impervioni  to  wet. 

LOO.  A  machine  or  apparatus  used  lo  measure  the  rate  ofa  ship's  velocity 
through  the  water.  For  this  purpose  there  ore  various  inventions;  but  the  one 
mostly  used  is  the  following,  and  called  the  common  log.  It  is  a  piere  of  ihin 
board,  fotming  the  quadrant  of  a  circle  of  about  six  inches  radius,  and  balanced 
by  a  small  pinte  n(  lend  nailed  on  Ihc  circular  part,  so  as  to  anim  perpendicu- 
larly in  Ihe  water,  with  the  greater  part  immersed.  The  log  line  is  fastened  Co 
the  log  by  meoni  of  two  legs,  one  of  which  is  knotted  through  a  hole  at  one 
corner,  while  the  other  is  attached  to  a  pin  fixed  in  a  hole  at  the  other  comer, 
M  Bs  to  draw  out  occasionally.  Tlie  log  line,  being  divided  into  certain  spaces, 
which  are  in  proportion  to  an  equal  number  of  gei^aphica]  miles,  as  a  half  or 
B  quarter  minute  is  to  an  hour  of  time,  is  wat!nd  upon  the  reel.  The  whole  is 
employed  to  measure  the  ship's  head-way  in  the  following  manner;  the  reel 
being  tield  by  one  man,  and  the  half  minute  gloss  by  another,  the  male  of  the 
watch  fixes  the  pin,  and  throws  the  log  over  the  stern,  which  swimming  perpen' 
dicularly,  feels  an  immediate  resistance,  and  is  considered  ns  fixed ;  the  line 
being  slackened  over  the  stern  to  prevent  the  pin  coming  out.  The  knots  ara 
meaiOTed  from  a  mark  on  the  line,  attfas  distance  of  12  or  IS  fathoms  IVom  the 
log;  the  gloss  is  therefore  turned  at  (he  instant  that  the  mark  passes  over  the 
stem ;  and  as  soon  ns  the  sand  in  the  gloss  lias  run  out,  the  line  is  stopped ; 
the  water  being  then  on  the  log,  dislodges  the  pin,  so  that  (he  board  now  only 
presenting  its  edge  to  the  water,  is  easily  drawn  aboard.  The  number  of  knots 
and  fathoms  which  had  run  oS*  at  the  expiration  of  the  glass,  deiermines  the 
■hip's  velocity.  The  half-minute  glass  and  diviaions  on  the  line  should  be 
frequently  mcanired,  to  determioe  any  variation  in  either  of  them,  and  make 
an  allowance  accoi '*  '  '*  ' 
the  knots  should  b^ 

corrected  by  the  folloning  analogy: — as  30  is  to  50  so  is  the  number  of  seconds 
of  the  gloss  to  the  distance  between  (lie  knots  upon  (lie  line.  Tlie  heat  or 
moisture  of  (he  weather  having  often  a  considerable  eBecl  upon  the  glass,  so 
OS  to  make  the  sand  run  faster  or  slower,  it  should  be  frequently  tried  by  the 
vibration  of  a  pendulum.  The  inventor  of  this  simple  and  admirable  contri- 
vance is  unknown ;  and  no  mention  of  it  oceun  till  the  year  ISO?,  in  an  account 
of  an  Eos[  India  voyage,  published  by  Samuel  Purchas.  Since  that  period,  the 
log  has  been  in  general  use,  and  many  improvements  have  been  made  upon  it. 
One  of  the  most  conspicuous  of  these  improvements,  is  that  invented  by 
Mr.  James  Hookey,  a  midshipman  in  the  navy,  who  received  a  honorary 
medal  from  the  Society  of  Arts  for  the  some. 

The  advantages  gained  by  Mr.  Hockey's  inven^on  are,  that  it  gives  the  dis- 
tance the  ship  runs  niore  correctly,  as  it  remains  more  stationary  in  the  water 
than  tlie  one  generally  in  use;  and  when  required  to  he  hauled  into  (he  ship,  by 
giving  it  a  sudden  jerk,  the  toggle  swivels  round,  and  disengages  the  line  from 
the  spring,  in  consequence  of  which,  the  log  ship  reverses  its  position,  and  may 
then  lie  pulled  into  the  ship  with  the  greatest  ease.  With  respect  to  the  lines, 
Mr.  Hookey  recommends,  that  they  be  saturated  in  o  composition  of  oil,  which 
makes  (hem  morebiioyunl  and  pliant,  and  jircvrnts  kinking;  it  likewise  prevenis 
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lli^ir  contracting,  wliich  in  n  new  line  is  aboul  20  feci  in  f.Ofnlliom 
acrioiu  accidciiU  arc  likely  to  occur  by  gelling  a  fnlie  depth  of  wall 
ijueuee  of  the  cootroction  of  the  line  attached  to  the  lead,  it  becomes  ai 
worliiy  of  attention  to  prevent  the  poaaihility  of  such  accidents  taking  place, 
The  log  ia  fonneii  like  a  Gih.  f^.  1  representa  one  niiining  out,  and  fig.  S 
Ibc  same,  in  the  act  of  being  pulled  in ;  r  the  toggle,  I  the  spring  ;  the  eye  of 
ihe  line  la  put  on  the  toggle,  which  is  then  puihed  under  llie  spring ;  the  fisp 
board  (  falls  down,  and  tlie  fall  nmi  ouL  When  the  Uiie  is  lauglil,  a  ludden 
jerk  will  make  the  toggle  pnaa  the  spring  and  let  go  the  line ;  the  fish  then 
•wiiigs  round,  llie  Hap  btmrd  /  closen,  and  it  it  easily  pulled  in.  ilg.  3  ibowa 
the  under  side;  the  Hap-liaanl  (  is  jointed  to  tlie  fish  by  tlie  Wrap  of  tlie  copper 
V,  which  paaseiiounda  yinili/,  and  this  pin  is  heid  bv  the  copper  stritp  so ; 
the  line  is  ullached  lo  the  log  by  a  loop  whicJi  goes  in  at  the  moiith,  and  i«  held 


luugh  to  drop  down  readily  when 


The 

...  ._.  ..-ing  the  log-ship.  The  eye  in  the 
r  the  toggle,  on  the  tail  of  the  fish,  and  when  the  line  is  all 
el,  and  it  becomes  taught,  by  giving  it  a  sudden  jerk,  the 
t;  the  fish  vill  then  reverse  its  position,  float  on  the  sur- 
ind  may  ^:K  hauled  into  the  ship  wiih  the  greatest  ease. 
.'  to  shift  the  line  at  the  head  of  the  fish,  knock  out  the  peg 
and  the  line  will  then  disengage  ilself;  and  in  attaching 


and  the  flap- board  I;  the  spring  may  be  above  or  below  in  either  c 
followiag  are  the  ■    -        ■  '         ...... 

line  is  to  be  put  o 
run  out  (rom  the 
toggle  will  swivel 
face  of  the  water, 
When  it  is  necesss 

that  forms  the  eye.  __  ^ 

another  line,  make  an  eye  in  it,  and  pass  it  into  the  tnoulh  of  the  fish 'perpen- 
dicularly, through  which  put  the  peg  that  forma  the  eye,  and  it  will  be  quite 
aecnte.  The  inventor  strongly  recommends  that  all  log  lines,  and  lines  to  the 
lead,  should  be  saturated  for  one  hour  in  linseed  and  lamp  oil,  three-fourths  uf 
the  former,  and  one-fourth  of  the  latter  well  mixed  together,  atUr  which,  hang 
them  up  to  dry ;  contraction  will  thus  be  prevented,  and  they  will  be  pliable 
and  buoyant 

LOGARITHMS  are  series  of  artificial  numbers,  so  arranged  with  reference 
to  a  set  of  natural  numbers  that  the  addition  of  the  logarithms  shall  correspond 
with  Ibe  multiplication  of  the  natural  numbers  belonging  to  them ;  and  sub- 
tiactioa  of  logarithms  answers  for  division  ;  while  involution,  or  the  raising  of 
powers,  it  peribrmed  by  the  multiplication  of  l<q;arilhms ;  and  evolution,  or  the 
<n  of  root*,  by  the  division  of  logarilbmt. 
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LOGARITHMS  OF  NUMBERS. 


To  illustrate  thit,  let  us  take — 


For  Natural  Numbers  the  > 
Geometrical  Series   . .  ) 

And  for  their  [^garithms  ^ 
the  Arithmetical  Series  / 


1 

0 

1 

10 

1 

100 
2 

1000 
3 

10000 
4 

100000 
5 

1000000 
G 

From  this  it  appears  that  the  lo^r.  of  1  it  0,  that  of  10  is  1,  of  100  is  2,  &c.  ; 
that  the  loj;:.  of  any  number  below  10  is  a  fraction,  above  10  and  under  100  is  1 ; 
with  a  fraction,  and  between  1000  and  100,  is  2  with  a  fraction,  and  so  on. 
Hence  it  is  evident  that  the  portion  of  a  log.  which  constitutes  the  whole  number, 
and  is  denominated  the  Index,  is  alwajrs  one  less  than  the  numbers  of  figures 
for  which  it  is  the  log.  This  general  nde  is  so  easy  of  application,  that  the 
Indexes  of  Logarithms  are  never  printed  in  the  tables,  but  left  to  be  supplied 
by  tlie  operator. 

'  The  rule  for  determining  the  Index  descends  as  well  as  ascends,  and  applies 
with  equal  facility  to  numbers  below  and  above  unity;  but  when  applied  to 
ntimhers  below  unity,  it  must  be  distinguished  by  a  negative  sign  thus — 

NATURAL  NUMBER.  LOGARITHM. 

•000001  6-0000000 


•00001 

•0001 

•001 

•01 

•1 


1- 

10- 
100 
1000 
Sec, 


5-0000000 
4-0000000 
30000000 
2-0000000 

r-0000000 
0-0000000 
1-0000000 
20000000 
3-0000000 
&c 


To  furnish  the  means  of  illustrating  this  important  subject  by  a  few  examples, 
and  to  give  the  reader  an  opportunity  of  working  cases  by  logarithms  when  the 
numbers  to  be  operated  upon  are  not  very  large,  we  subjoin 

A  TABLE  OF   LOGARITHMS  OF  NUMBERS, 

From  1  to  1000. 


NuMDER  1   TO 

100, 

,   AND  THEIR  LOGARITHMS. 

1 

•0000000 

21 

-3222193 

41 

-6127839 

61 

•7853298 1 

81 

•9084850 

2 

-3010300 

22 

-3424227 

42 

•6232493 

62 

•7923917 

82 

•9138139 

3 

-4771213 

23 

•3617278 

43 

•6334685 

63 

-7993405 

83 

•9190781 

4 

•6020600 

24 

-3802112 

44 

-6434527 

64 

-8061800 

84 

•9242793 

5 

-6989700 

25 

•3979400 

45 

•6532125 

65 

•8129134 

85 

•9294189 

6 

•7781513 

26 

•4149733 

46 

•6627578 

66 

•8195439 

86 

•9344985 

7 

-8450980 

27 

•4313638 

47 

-6720979 

67 

•8260748 

87 

•9395193 

8 

-9030900 

28 

-4471580 

48 

-6812412 

68 

•8325089 

88 

•9444827 

9 

-9542425 

29 

•4623980 

49 

-6901961 

69 

•8388491 

89 

•9493900 

10 

-0000000 

30 

•4771213 

50 

-6989700 

70 

•8450980 

90 

•9542425 

11 

•ail 3927 

31 

•4913617 

51 

•7075702 

71  '  8512583 

91 

•9590414 

12 

-0791812 

32 

•5051500 

52    •7160033 

72  ,  -8573325 

92 

•9637878 

13 

•113,ai34 

33 

•5185139 

53  { •7212759 

73    -8633229 

93 

•9684829 

14 

•M61280 

34 

•531 17S9 

51    •7;}L>;5938 

74    ^86923 17 

9-1 

•9731279 

15 

•1700913 

35 

•5nOfJSO 

55    -7403627 

75    •8750613 

95 

•9777236 

IG 

•2041200 

36 

•5563025 

56 

•7481880 

76    -8808136 

96 

•9822712 

17 

•2304489 

37 

•5682017 

57 

•7558749 

77    -8861907 

97 

•9867717 

18 

•2552725 

138 

•5797830 

58 

•7634280 

78  '•8920916 

98 

•9912261 

•l9 

-2rS7.''»36 ;.  39 

•5910546 

59 

•7708520 

79  ;  ^8976271 

99 

•9956352 

l20 

•3010.'50{)j;  10 

•0020600 

60 

•7781513 

80  .  •9030900 ! 

1 

100 

•0000000 
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1 

Lfc- 

fcOO,       IJSUM. 

,.«.. 

-OH 

"=•  II"" 

..„r.. 

»«» 

too. 

If 

«oeiwoo 

150 

1760913 

200 

3010300 

350 

3979400 

300 

4771213 

mbn 

0D43214 

ISl 

178976H 

201 

3031901 

251 

3996737 

301 

4783665 

W102 

0098002 

152 

1818436 

202 

3053314 

232 

4014005 

302 

4800069 

*    103 

0128372 

153 

1S46UI4 

1203 

30-1900 

253 

4031205 

303 

4814420 

1U4 

0170333 

154 

1873207 

2IM 

3096302 

254 

4048337 

304 

4838736 

^^H 

103 

0211893 

155 

1903317 

205 

3117539 

235 

4065402 

305 

4842998 

^^H 

106 

0253039 

156 

1931240 

206 

3138072 

256 

40B2400 

306 

4637214 

107 

0293B38 

157 

1958997 

207 

3150703 

237 

4099331 

307 

4871364 

108 

0334238 

136 

1986571 

208 

3160633 

25fJ 

4116197 

308 

4885507 

109 

0374265 

159 

2013971 

209 

3201463 

259 

4132996 

309 

4809383 

^^H 

HO 

0413927 

160 

2041200 

210 

3222193 

260 

4149733 

310 

4913617 

11 

.     Ill 

(H53230 

161 

30U8259 

211 

3243823 

261 

41Q6405 

311 

4927604 

113 

0492180 

162 

2093150 

212 

8263359 

262 

4163013 

312 

4941546 

'      113 

OS307S4 

163 

2121876 

213 

32837B6 

263 

4199537 

313 

4935443 

'■,^ 

114 

0569049 

164 

2148433 

214 

3304138 

264 

4216030 

314 

4969296 

1]5 

0606978 

165 

2I74&19 

216 

3324385 

263 

4233459 

315 

4983106 

116 

0644380 

166 

2201081 

216 

3344536 

306 

4248816 

316 

499G871 

117 

0081850 

107 

2227165 

217 

3364397 

267 

4205113 

317 

501U593 

118 

0718820 

168 

2253093 

218 

3384565 

268 

4261346 

318 

5024271 

119 

0733470 

169 

2278867 

219 

3404441 

4297333 

319 

5037907 

120 

0791812 

170 

2304489 

220 

3424227 

270 

4313038 

320 

5051500 

121 

0827854 

171 

2329961 

221 

3443923 

271 

4329603 

321 

5065050 

122 

0803698 

172 

2355284 

222 

3463530 

272 

4345689 

332 

3078550 

123 

0H9M31 

173 

2380461 

223 

3483049 

273 

4361626 

323 

5092025 

124 

0934217 

174 

24054B2 

224 

3502480 

374 

4377506 

334 

5105430 

1 

12S 

0900100 

175 

2430330 

225 

3521625 

275 

^^H 

12B 

1003705 

176 

245S127 

226 

3541084 

276 

127 

1038037 

177 

24/9733 

227 

3560239 

277 

ii.'  :        ,"';■'■ 

128 

1072 100 

178 

2504200 

226 

3579346 

276 

129 

1105897 

179 

2528530 

229 

3508355 

279 

4466042 

j'ju  oiTVjyj 

^^H 

130 

1139434 

180 

2552725 

230 

3617278 

380 

4471580 

330 

518.^139 

^^H 

131 

I172T13 

181 

23707S6 

231 

3036120 

261 

4487063 

331 

519S280 

132 

1205739 

162 

2600714 

232 

3654880 

283 

4502491 

332 

5211361 

133 

1238316 

163 

2624511 

233 

3673559 

283 

4517864 

333 

3224442 

134 

1271048 

164 

20481 -H 

234 

3092150 

264 

4533183 

334 

3237463 

^^^1 

133 

1303338 

165 

2671717 

235 

3710079 

285 

1548449 

335 

5250448 

^^^1 

.36 

1333389 

186 

2(!!)-,i-,'!i 

238 

3729120 

286 

4563600 

336 

3263393 

'    137 

1367206 

187 

27IMl(i 

237 

3747483 

287 

4376819 

337 

3276299 

138 

1398791 

188 

2741 57s 

236 

3765770 

4393923 

336 

5289167 

139 

143014S 

189 

27641318 

239 

3783979 

289 

4608973 

339 

3301997 

^^^1 

140 

1461280 

190 

278T536 

240 

3802112 

290 

4623080 

340 

6314780 

^^^1 

141 

1192191 

191 

2810334 

241 

3820170 

291 

4636930 

341 

5327.VH 

1  143 
143 

1522S83 

192 

2833012 

242 

3836154 

292 

4653920 

342 

5340261 

1333360 

193 

2836573 

343 

3856063 

293 

4668670 

343 

535;;9ll 

144 

1583633 

194 

2878017 

244 

3873898 

294 

4683473 

3+4 

5365384 

^^H 

143 

1013680 

195 

2900346 

245 

3891661 

295 

4698220 

343 

5378191 

^^H 

146 

1043323 

190 

2922561 

346 

3909351 

296 

4712917 

346 

5390761 

^H 

,    11T 

16731 73 

197 

2944662 

247 

3936970 

297 

4727564 

347 

S40;t3U5 

,    I4B 

170261 r 

198 

29aeU52 

248 

3944517 

298 

4742163 

346 

3415793 

I'" 

1731863 

199 

29SS53I 

249 

3961093 

299 

4756712 

34915428231 
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m 

Nt;«.|      too. 

HUM. 

LOO. 

Nt» 

LfB. 

H.,-. 

LOO. 

!>CM.l        ion. 

350 

5440680 

4O0 

6020600 

450 

6532125 

500 

6989700 

330 

7403627 

351 

5453071 

401 

6031444 

451 

6541765 

501 

6998377 

551 

7411516 

352 

5405427 

402 

6042261 

452 

6551384 

502 

7007037 

552 

7419391 

•U3 

5477747 

403 

6053050 

453 

6560982 

503 

7015680 

553 

7427251 

331 

5«0033 

404 

6063814 

451 

6570559 

504 

7024305 

554 

7435098 

355 

5502284 

405 

6074550 

455 

6580114 

505 

7032914 

555 

7442930 

356 

5SU500 

^06 

6085260 

456 

6589648 

506 

7041 SOS 

566 

7450748 

357 

5526682 

407 

6095944 

457 

6599162 

507 

7050080 

567 

7458552 

358 

55.18830 

408 

6106602 

458 

6608655 

508 

7058637 

558 

7466342 

359 

5550944 

409 

6117233 

459 

6618127 

509 

7067178 

559 

7474118 

360 

5563025 

410 

6127839 

460 

6627578 

510 

7075702 

560 

7481880 

1 

361 

5575072 

411 

6138418 

461 

6637009 

511 

7084209 

561 

7489629 

i 

362 

5587086 

412 

SI  48972 

462 

6646420 

512 

7092700 

562 

7497363 

1 

363 

5S93066 

413 

6159501 

463 

6655810 

513 

7101174 

563 

7505084 

1 

304 

5611014 

414 

6170003 

464 

6665180 

514 

7109631 

564 

7512791 

365 

5622929 

415 

6180481 

465 

6674530 

515 

7118072 

565 

7520184 

366 

5634811 

416 

6190933 

466 

6683859 

316 

7126497 

566 

7S28I64 

367 

5646661 

417 

6201361 

467 

6693169 

517 

71349US 

567 

7535831 

363 

5658478 

418 

6211763 

4€8 

6702459 

518 

7143298 

568 

7543483 

369 

5670264 

419 

6222140 

469 

6711728 

519 

7151674 

569 

7551123 

370 

5682017 

420 

G232493 

470 

6720979 

530 

7160033 

670 

7558749 

371 

5693739 

421 

6242821 

471 

6730209 

S21 

7168377 

571 

7566361 

372 

5705429 

422 

6253125 

472 

6739428 

522 

7176705 

672 

7573960 

373 

5717088 

423 

6263404 

473 

6748611 

523 

7186017 

573 

7581516 

374 

5728716 

424 

6273659 

474 

6757783 

524 

7193313 

574 

7589119 

375 

G740313 

425 

6283889 

475 

6766936 

525 

7201593 

575 

T596678 

1 

376 

5751878 

426 

6294096 

476 

6776070 

526 

72098S7 

576 

7604225 

377 

5763414 

427 

6304279 

477 

6785184 

527 

7218106 

577 

7611758 

378 

5774918 

428 

6314438 

478 

6794279 

528 

7226339 

578 

7619278 

379 

5786392 

429 

6324573 

479 

6803355 

529 

7234567 

579 

762678B 

380 

5797836 

430 

6334685 

480 

6812412 

530 

7242759 

580 

7634280 

381 

5809250 

431 

6344773 

481 

6821451 

531 

7250945 

581 

7641761 

382 

5820634 

432 

6354837 

482 

6830470 

532 

7259116 

582 

7649230 

383 

5831988 

433 

6364879 

483 

6839471 

533 

7267272 

583 

76.56686 

^^^^H 

384 

5843312 

434 

6374S97 

464 

6848454 

534 

7275413 

584 

7664128 

^^^^H 

385 

5854607 

435 

6384893 

485 

6857417 

535 

7283538 

683 

7671559 

386 

5865873 

436 

6394865 

486 

6866363 

536 

7291648 

586 

7678976 

387 

5877110 

437 

6404814 

487 

6876290 

537 

7299743 

387 

7686381 

m   ■ 

388 

5888317 

438 

0414741 

488 

6884198 

538 

7307823 

588 

7693773 

389 

5899496 

439 

6424645 

489 

6893089 

539 

7315888 

589 

7701153 

^K 

390 

5910646 

MO 

6434527 

490 

6901961 

540 

7323938 

590 

7708520 

391 

5921768 

441 

6444386 

491 

0910815 

541 

7331973 

591 

7715875 

3«2 

5932Sf.l 

442 

6454223 

492 

6919651 

542 

7339993 

592 

7723217 

393 

5943926 

443 

C4fi4037 

493 

6928469 

543 

7347998 

593 

7730547 

^^^^_ 

394 

G954902 

444 

&473S30 

494 

6937269 

544 

7355989 

594 

7737864 

^^^^H 

395 

5965971 

445 

6483600 

495 

6946052 

545 

7363965 

595 

7745170 

396 

S976952 

446 

8493349 

496 

6954817 

546 

7371926 

596 

7752463 

397 

5987905 

447 

6503075 

497 

6963564 

547 

7379873 

597 

7759743 

^^^ 

5998831 

448 

6512760 

198 

6972293 

54S 

7387806 

598 

77^7012 

1 

m      |3»> 

6009729  j  449 

6522463 

499 

6981005 

549 

7393723 

1599 

7774268 

L 
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LOGARITHMS  OF  NUMBERS. 


-™ 

LOO. 

DDK 

LOO. 

,.« 

LOO. 

.«« 

L«,. 

■*\JV 

100. 

600 

7781S13 

650 

8129134 

700 

8450980 

'750 

8750613 

8OO 

9030900 

601 

7788745 

631 

8135810 

701 

8437180 

751 

8756399 

801 

9036325 

602 

7793965 

632 

8142476 

702 

8463371 

;752 

8782178 

802 

9041744 

603 

T803173 

653 

8149132 

703 

8469353 

753 

8767950 

803 

90471,55 

CM 

7810389 

654 

8165777 

704 

8473727 

754 

8773713 

804 

9032560 

605 

7817654 

655 

8I6M13 

705 

8481891 

'755 

8779470 

805 

9057959 

606 

7824726 

656 

8109038 

706 

8488017 

,736 

878.W18 

806 

9063830 

607 

7S31887 

657 

8175694 

707 

8494194 

757 

8790959 

807 

9068735 

608 

7839036 

658 

8182359 

708 

8500333 

,758 

8796692 

808 

8074114 

609 

7846173 

659 

S188SS4 

709 

8506462 

759 

8802418 

809 

9079485 

610 

7853298 

660 

8195439 

710 

8312583 

'760 

8808136 

610 

9084830 

611 

786(M12 

661 

8202015 

711 

8518696 

761 

8813847 

811 

9090209 

612 

7867514 

662 

S20S380 

712 

8524800 

762 

8819550 

812 

9095560 

613 

7B7460J 

663 

8215135 

713 

8530895 

763 

8825245 

813 

9100905 

614 

7881G84 

664 

8221681 

714 

8336982 

764 

8830934 

814 

9106244 

615 

7888751 

663 

8228216 

715 

8543060 

765 

8836614 

815 

9111576 

616 

7895807 

666 

8234742 

716 

8549130 

I766 

8842288 

816 

9116902 

617 

7902852 

667 

8241238 

717 

8555192 

|767 

8847954 

817 

9122221 

618 

7909885 

668 

8247765 

718 

8561244 

768 

88.^3612 

818 

9127533 

619 

7916906 

669 

8254261 

719 

8567289 

769 

8859263 

819 

9132839 

620 

7923917 

670 

8260748 

720 

8573325 

770 

S864907 

820 

9138139 

631 

7930916 

67 1 

8267225 

721 

8579333 

771 

8870544 

821 

9143432 

622 

7937904 

672 

8273693 

722 

8583372 

772 

8876173 

822 

9148718 

623 

7944S80 

673 

8280151 

723 

8591383 

773 

8881795 

823 

9153998 

624 

7931846 

674 

8236599 

724 

8597386 

774   8887410 

824 

9159272 

625 

7938800 

67S 

723 

86M380 

775   8893017 

825 

9164539 

626 

7965743 

676 

8299467 

726 

8609366 

776  18808617 

826 

9169800 

627 

7972675 

677 

8305887 

727 

8615344 

777 

8901210 

827 

9175055 

628 

7979596 

678 

8312297 

728 

S621314 

778 

8909796 

828 

9180303 

629 

7986506 

679 

8318698 

729 

8627275 

779 

8915375 

829 

9185343 

630 

7993405 

680 

8325089 

730 

8633229 

780 

8920946 

830 

9190781 

631 

8000294 

681 

8331471 

731 

8639174 

781 

8926510 

831 

9196010 

632 

8007171 

682 

8337844 

732 

8643111 

782 

8932068 

832 

9201233 

633 

8014037 

683 

8344207 

733 

8651040 

783 

8937618 

833 

9206430 

634 

8020893 

GS4 

8350561 

734 

8656961 

784 

8943161 

834 

9211661 

S35 

8027737 

685 

8356906 

735 

9662B73 

785 

8918697 

835 

9216865 

S36 

8034571 

686 

8363241 

736 

8663778 

786 

8954225 

636 

9222063 

637 

8041394 

687 

8369567 

737 

8674675 

787 

8939747 

837 

9227253 

ess 

8048207 

688 

8375884 

738 

8680564 

788 

8965262 

838 

9232440 

63B 

8055009 

689 

8382192 

739 

8686444 

789 

8970770 

839 

9237620 

640 

8061800 

690 

8388491 

740 

8692317 

790 

8976271 

840 

9242793 

641 

8068380 

691 

8394780 

741 

S69SI82 

791 

8!>8I765 

841 

9247960 

642 

8075350 

692 

8401061 

742 

8704039 

792 

8987252 

842 

9253121 

«43 

8082110 

693 

8407332 

743 

8709888 

793 

8992732 

843 

9238276 

M4 

8088859 

694 

8413595 

744 

8715729 

794 

8998205 

844 

9263424 

6*6 

809S597 

695 

8419648 

743 

8721563 

795 

9003671 

845 

9268567 

646 

8102323 

696 

8426092 

746 

8727388 

796 

9009131 

846 

9273704 

617 

8109043 

697 

8432328 

747 

B733206 

797 

9014583 

847 

9278834 

648 

BI15750 

698 

8438354 

748 

8739016 

798 

9020029 

848 

9283959 

649 

8122447 

8444772 

749 

8744818 

799  I  9025468 

849 

9289077 
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«o« 

r.ou. 

l.oo. 

Ku«. 

LOG. 

su« 

LOO. 

.-«« 

LOU.    » 

^ 

85U 

9294189 

880 

9444827 

910 

9390414 

910 

9731279 

970 

9867717 

851 

9299296 

881 

9449739 

911 

9595184 

941 

9733896 

971 

9872192 

832 

9304396 

882 

9454086 

912 

9399948 

942 

9740500 

972 

98706C.-! 

853 

9309490 

883 

9459607 

913 

9604708 

943 

9745117 

973 

9861128 

H 

854 

9314370 

884 

9464523 

914 

9609462 

944 

9749720 

974 

9885390 

H 

855 

9319061 

885 

g46»433 

915 

0614211 

943 

9754318 

975 

989001(1 

ess 

9324738 

880 

9474337 

916 

9016955 

946 

0758911 

976 

9894498 

857 

9329308 

887 

94T9236 

917 

9023093 

947 

9763500 

977 

9898946 

858 

9334873 

9484130 

918 

9628427 

948 

976S083 

078 

99033by 

^L 

859 

9339932 

889 

9489018 

919 

9033155 

949 

9772662 

079 

9007827 

^^^^m 

8G0 

9344985 

890 

9493900 

020 

9637878 

930 

9777236 

980 

9912261 

861 

9350032 

891 

9498777 

921 

9642596 

951 

9781805 

981 

9916690 

862 

9355073 

892 

9503649 

922 

S647309 

952 

9786369 

982 

9921 lis 

t>63 

9360108 

893 

9508515 

923 

9652017 

953 

9790929 

983 

9925535 

sm 

9365137 

894 

9513375 

924 

96S6720 

954 

9795484 

984 

9929931 

805 

M701B1 

SOS 

9518230 

925 

9061417 

955 

9800034 

985 

9934362 

8i;6 

9375179 

896 

0523080 

926 

9666110 

956 

9804579 

986 

99387B9 

8ti7 

9380191 

897 

0327924 

927 

9670797 

957 

9809119 

987 

9943172 

808 

9385107 

898 

9532763 

928 

9675480 

958 

9813655 

9947569 

Stid 

9390198 

899 

9537597 

929 

9680157 

959 

9818180 

989 

9951963 

870 

9395193 

900 

9542425 

930 

9684829 

960 

9822712 

990 

9956352 

871 

9100182 

901 

9547248 

931 

9689497 

961 

9827234 

991 

9960737 

872 

9105165 

902 

9552065 

932 

9694150 

902 

9831751 

992 

9965117 

873 

iMI0142 

903 

9556878 

933 

0698816 

963 

9836263 

993 

9969492 

874 

9415114 

904 

9561684 

934 

9703469 

9C4 

9840770 

994 

9973884 

87S 

9420081 

905 

9566480 

935 

9708116 

905 

9845273 

995 

9978231 

876 

9425041 

906 

9571282 

936 

9712758 

9849771 

900 

9982593 

877 

9429990 

907 

9S76073 

937 

9717390 

967 

9854265 

997 

9986952 

878 

9434B45 

908 

9580858 

938 

9722028 

968 

9858754 

998 

9991303 

879 

01398S9 

909 1 9585639 

939 

9726030 

9G9 

9863238 

999 

9995665 

It  is  not  our  tirovinee.  in  this  brief  article,  to  exulain  the  use  of  the  laren 

La^nritlimic  Tables,  a*  whoever  posseu  luch  have  ot  course  their  auLlior's  oiru^^^J 

Miil  the  ubU  here  given.                                                                                      J^^^^H 

Mui,Tii'i.:cATioi<,  as  already  gUled,  u  performed  b;  the  addiliim  of  I-og^^^H 

ritbais,  tliiu :—                                                                                                    ^^^^H 

Ta  mulEiply  368  by  225,  »e  place  opposite  to  each  other  the             ^^^H 

NuMBEfti          andthek          Looaritkus.                           ^^^^| 

3I1S               2-S6SS'178 1  .  . .                   ^^^H 

22-5 

1-3321S23I                           I^^^H 

Producl  of  Numhen  8280-            

3-91S0303     Sum  of  Log.                   ^ 

Here  the  Gnil  factor,  36S,  being  a  whole  number,  eonBialing  of  thrn  figurt*.             J 

ho)  for  its  index  2 :  and  the  aecond,  S2'5,  having  but  lieo  5gurpa.  without  tlie             1 

decimal  part,  bos  for  its  index  1.     To  tlieie  are  subjoined  the  decimnl  portions             1 
of  the  logftritlimj  talien  from  the  Table,  and  the  sum  of  the  two  being  (bund  in             1 

the  Table  opposite  lo  823,  which  wotdd  be  the  answer  were  the  index  2 ;  but  u  the            J 

index  is  3,  the  answer  must  be  made  lo  consist  of /our  ligiiieg,  wbtch  is  done^^^^J 

supplying  to  the  right  of  the  ligures  a  cipher,  making  the  answer,  a«  abo^^^^H 

^^^^H 

Hi  LOGAaiTHiia 

NUKSBBt.  *    LOOAEITHMS. 

26  1-4149733 

•2 


Power  ....  676  2*8299466    Product. 


Required  the  cube  root,  or  third  power  of  9. 


NUMBERS.  LOGARITHMS. 

9  0*9542425 

3 


Power ...    729  2  8627275 

Required  the  9th  power  of  1.05,  which  will  be  the  amount  of  1/.  in  nine 
years,  at  5  per  cent  compound  interest 

NUMBBRS.  LOGARITHMS. 

1*05  0*0211893 

9 

Amount  •    1*55  or  1(.  lit. 01907037 

From  ibis  example  it  is  manifest  that  the  amount  of  money  laid  out  at  com- 
pound interest  for  50,  100,  or  any  otfier  number  of  years,  can  be  found  by  loga- 
ritinns  widi  the  greatest  fiiicility,  though  the  operation  by  common  arithmetic 
li  very  tedious,  requiring  a  distinel  multiplication  for  each  year. 

Evolution,  or  the  extraction  of  roots,  is  performed  by  dividing  the  logarithm 
•f  the  ^en  number  by  the  index  of  the  root  required.  Let  this  be  illustrated 
by  finding  the  square  root  of  324b  ' 

NUMBBBS.  LOOARITHMS. 

324  2)2*5105450 

Root...    18  1*2552725 

Required  the  ninih  root  of  1*55 

NUMBBBS.  I OOARITHM8. 

1*55  9)0*1903317 

Root...   1-05  0H)211479 

As  it  may  occasionally  be  desirable  to  apply  the  foregoing  table  to  numbers 
beyond  its  umits,  the  manner  of  doing  so  is  subjoined. 

To  find  the  logoridira  of  a  number  exceeding  three  figures^  it  is  erident  that 
the  logarithm  of  the  first  diree  must  be  augmented  by  such  a  proportion  of  the 
difierence  between  it  and  the  next  greater  logarithm,  as  the  remaining  fibres 
of  the  given  number  bears  to  unity  with  as  many  cyphers  as  may  be  required ; 
thus— to  find  the  loffarithm  of  47583,  the  logarithm  of  the  first  three  figures 
475  is  6766936,  and  the  next  greater  it— 
6776070 


9134  their  cBfTerence. 
propoitioD  Bi  1 


88 

27302 
73072 


1/KKX))75'8022,  or  7498  nearly  *  which  bemg  added 


LOZENGSS.  ita 

lo  the  Gut  logvitliiii,  girei  46774516  for  Uh  lagurthm  of  47583.  On  iha 
conuat;,  if  tlw  number  be  required  Tor  a  logarithm  not  to  hs  found  in  the 
taUe,  lo  the  iint  three  figure*  coirrapniKlli]^  with  the  next  len  Lwarithm,  are 
to  be  lubjoined  the  result  uf  the  folloniiig  proportion ;  nx. — A«  the  differeoee 
beiween  the  next  greater  and  iie»t  less  lopuithro  i*  to  unity,  with  aa  many 
cypher!  u  may  be  required.  «o  ii  ibe  dilierence  between  the  given  Ic^ arithm 
and  the  next  leu  to  the  li^rea  lu  be  subjoined  to  thoM  found  in  the  tabic. 
Tbui — Suppoie  it  were  tequued  to  £uil  i)k  natural  number  coireipotuiing  witk 
4-6968155 

The  next  Irsa  logoiithm  in  the  table  ii .     .     .     .     6063584 
The  next  greater 69T2203 

IMfikrenc*  . .  872-8 

llie  p'Ten  loKarithn 696S4M 

Neitlen 


4S0I 
Now—Aa  S729  :  100  : :  4SB1  :  M 


WUcb  bnog  aiigoined  to  407,  the  three  figure*  fiHtod  in  tb*  labia  omwdta  to 
One  next  hm  lagaritfain,  eire  49756  for  the  nninber  oT  the  sivm  loguUhm. 

LOGWOOD.  AbMdMmpMtwood,whaBTyu  to  aink  io  watn^  of  a  Ah 
gtmin,  capable  of  bcin^  poliabed,  and  ao  diuaUe,  ai  to  be  icaredy  iuieeptibla 
of  decay.  Ill  predomtmint  colour  ia  red,  tinged  with  orange,  yellow,  and  black. 
It  yiels  ill  ctdoor  both  to  ipirituoua  and  watery  menstrua.  Alcohol  extract!  it 
more  readily  and  copiouily  than  water.  The  colour  of  ita  dye  is  a  fine  red, 
inclined  ■  tittle  to  Tiolet  or  Ptiiplc,  which  left  to  Itaelf,  becomei  yellowiib,  pur- 
ple, and  at  length  black.  Acida  turn  it  yellow,  alkalies  deepen  the  colour,  and 
give  it  a  purfJe  or  riolet  hue.  A  blue  colour  ii  obtained  from  logwood,  by 
ouzing  rerdigris  with  it  in  the  dye  bath.  The  great  consumption  of  logwood 
ta  for  blacki,  to  which  it  gives  a  lustre  and  velvety  cast ;  it  is  also  extensively 
naed  aa  a  red,  nir^e,  or  black  dye  to  beech,  and  various  white  woods. 

LONGIHJKrRT.  The  measuring  of  lengths  and  diitances,  both  acceulUe 
Bod  inaccenible.  Acceasihie  distances  are  measured  by  the  application  of 
aotne  lineal  meaMiie,  ai  a  foo^  a  chain,  &c.  Inaccessible  dutaucei  are  measured 
hy  taking  anglei,  3m.  by  means  of  proper  instruments  j  luch  aa  the  drcum- 
lerentor,  aoaorant,  and  theodolite. 

LOOM.  A  machine  for  weaving  cloth,  of  which  there  are  variou*  kind*. 
See  WaartNo. 

LOZENGES,  or  Tiocbes,  are  small  articles  of  confectionery,  sometiraes 
medicated,  and  usually  made  up  of  the  form  of  thick  wafeti.  The  basis  uf 
tbeiT  cotnpoaitiaii  is  refined  sugar,  which  is  finely  pulverised  and  sifted,  then 
mixed  op  in  a  mortar,  with  just  a  sufficient  quantity  of  thick  mucilage,  to  make 
a  Tcty  firm  paate ;  to  which  is  added  the  esaentisl  oil  or  other  flavouring  ingre- 
dient or  nedicameDt.  When  the  paste,  so  made,  is  of  the  right  ctHisisleuce 
to  be  roDeil  oat  into  a  solid  and  smooth  iheet,  that  operation  should  be  quickly 
perfbraied  by  a  cylindrical  roller,  the  ends  of  which  should  run  upon  dips  or 
frnactJaa*  above  the  board,  of  the  thickness  of  the  intended  lotenge.  Thus 
ralwd  oat,  tbe  loxcnges  should  be  quickly  cut  out  with  the  punch  or  cutter;  which 
iiOMMl^lbeboUov  frtutnun  of  a  G«ne,  with  sharp  edges  at  the  narrow  eiid,aBd 
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U  made  either  ot  dnned  plate,  iron,  or  steel.  Ai  loan  as  these  are  cut  out,  l1iu 
remaining  pieces  which  formed  the  interstices  between  the  lozenges,  ahouli  be 
rulled  up,  or  beaten  together  in  a  mortar,  Ih^n  railed  and  cut  out  again  f  anil  this 
operation  continued,  until  the  whole  material  is  used  up.  But  irfurther  quantities 
are  required  of  the  article  under  operation,  then  the  remnants  of  one  cutting  may 
be  added  to  the  succeeding  batch.  In  the  phariDacopeiaa,  gum  tragacaath  is 
recommended  as  tlie  mucilage  to  be  usedio  making  medicinal  lotengei.  Lozenge 
makers  liowerer,  rare!)'  use  this  gum,  as  besides  being  mucb  dearer,  it  is  incon- 
venient in  U9e,  and  doea  not  make  to  elegant  a  lozenge  as  gum  Arabic  or  Senegal. 
The  latter  when  in  proper  quantity,  (wiiich  is  about  one  ounce  of  very  thick  muci- 
lage to  a  pound  of  jinely  powdered  lugar,)  gives  to  the  lozenges  made  tbereirith. 
t,  semi-transparency  and  hardness,  which  is  regarded  in  the  trade  aa  a  test  of 
a  well-manufactured  article.  When  essential  oils,  (nich  as  peppermint,  rosea, 
cinnamon,  Sec.)  are  used  as  the  flavouring  ingredients,  they  should  not  be  added 
until  tlie  paite  is  otherwise  nearly  completed,  as  their  great  volatility  causes  a 
waste  of  their  eeaenlial  properties  when  long  imder  the  hands  of  the  operator. 
In  making  lozenges  containing  balsams,  iui:h  as  the  lalu,  the  balsams  may  be 
advantageously  mixed  with  the  mucilage;  and  those  in  which  powdery  such 
as  ginger  are  to  be  mixed,  the  manner  of  performing  it  in  a  matter  of  indir* 

LUTE,  or  LuTiNti.  A  mixed,  tenacious,  ductile  substance,  which  being 
applied  between  the  junctures  of  distillatory  and  other  vessels,  grows  solid  hj 
dryiuf,  and  effectually  stops  up  tlie  crevices.  Lutes  are  of  difTerent  kinds. 
according  to  the  nature  of  the  operations  to  be  made.  When  vapours  of  watery 
liquors,  and  such  as  are  not  corrosive,  are  to  be  contained,  it  is  sufficient  to 
surround  the  joiner  of  the  receiver  to  the  nose  of  the  alembic,  or  of  tlie  retort, 
with  slips  of  paper  or  of  linen,  covered  with  Sour  paste.  In  such  coses  also 
slips  of  wet  bladder  are  very  conveniently  used.  When  more  penetrating  and 
dissolving  vapours  are  to  be  contained,  a  lute  is  to  he  employed  of  quicklime 
(lacked  in  the  air  and  beaten  into  a  liquid  paste  with  the  whites  of  eggs.  Thii 
noite  is  to  be  spread  upon  linen  slips,  which  are  to  be  applied  exactly  to  the 
joinings  of  the  vessels.  This  lute  is  very  convenient,  easily  dries,  becomes 
solid,  and  sufficiently  firm.  Of  this  hite,  vessels  may  be  formed  hard  enough 
to  bear  polishing  on  the  wheel.  When  acid  or  corrosive  liquors,  are  to  be  eon- 
taiaed,  recourse  is  had  to  fat  lute ;  which  is  made  of  finely  powdered  clay, 
sifted  through  a  line  sieve,  and  moistened  with  water  j  this  paste  ii  then  well 
beaten  in  a  mortar  with  boiled  linseed  oil,  rendered  drying  by  litharge.  This  lute 
easily  takes  and  retains  the  forma  given  to  it.  It  is  gencially  ruUed  into  cylio- 
drical  sticks  of  a  convenient  siite  for  use.  They  ore  applied  by  flattening  them 
to  the  joinings  of  the  vessels,  which  ought  to  be  perfectly  dry,  because  the  least 
moisture  would  prevent  the  lute  from  adhering.  When  the  joinings  are  well 
closed  with  this  fat  lute,  the  whole  is  to  be  covered  with  slips  of  linen  spread 
with  lute  of  lime,  and  whites  of  eggs.  These  slips  are  to  be  fastened  with 
packthread.  The  second  lute  is  necessary  to  keep  on  the  fat  lute,  because  this 
tatter  remains  soft,  and  docs  not  become  solid  enough  to  stick  on  alone.  Fine 
porcelain  clay,  mixed  with  a  solution  of  borax,  is  well  adapted  to  iron  vessels, 
the  part  received  into  an  aperture  being  smeared  with  it. 

M. 

MACHIKE  signifiei  anything  used  to  aucment  or  regtdatc  force  or  motian. 
The  simplest  machines,  namely,  the  lever,  the  wheel  and  axle,  the  pulley,  the 
Inclined  plane,  tlie  wedge  and  the  screw,  are  usually  denominated  the  meclia- 
nical  powers,  since  all  machinery  is  nece.'UNirily  eompoiinded  of  some  of  them : 
bence  a  machine  is  a  couibination,  or  a  peculiar  moditicBtion  of  some  of  the 
mechanical  powers, 

MADDER.  A  substance  very  extensivelv  employed  In  dvein^:  it  is  the 
not  of  a  trDJtiiig  plant  that  grows  very  ahundanliy  in  the  south  of  Europe.  It 
fa  cultivated  in  Kiiglnud  and  Holland 'also;  but  the  best  is  said  to  be  lliat 
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doubt  placed  upon  n  moving  floor,  capable  of  iraiuting  the  hcsvingi  of  tbo 
waves.  The  rapid  descent  of  those  who  consulted  the  ancle  in  the  cave  of 
IVophoniua — the  moving  tripodi  which  Apolloniiw  saw  in  the  Indian  teniptei  of 
the  walking  stAliies  of  Antium,  and  in  tbe  temple  of  HierapoUi — and  tbe 
wooden  pigeoQ  of  Archylos,  are  specimens  of  the  mechanical  reeourcei  of 
ancient  magic 

But  of  all  the  icicncea,  opficf  is  the  most  fertile  in  marveiloiu  expedients.  The 
power  of  bringine  the  remotest  objects  within  the  very  grasp  of  the  observer, 
and  of  swelling  111(0  gigantic  magnitude  the  almost  invisible  bodies  of  the 
material  world,  never  fails  to  inspire  with  aatanishinent  even  those  who  under- 
(land  the  means  by  which  these  prodigies  are  accomplished.  The  ancienU, 
indeed,  were  not  acquainted  with  those  comblnationa  of  lenses  and  mirrors 
which  conslitule  the  telescope  and  the  microscope ;  but  they  must  have  been 
fiunUiarwith  the  property  of  lenses  and  mirrors  to  form  erect  and  inverted  image* 
of  tbe  objects.  There  is  reason  to  thbic  that  they  employed  them  lo  effect  the 
sppBTition  of  their  gods ;  and  in  some  of  the  descriptions  of  the  optical  dis- 
plays which  hallowed  their  ancient  temples,  we  recognise  tbe  transionnatjona 
of  the  modern  phantasmagnria. 

MAGIC  LANTERN.  An  optical  machine  employed  to  throw  a  magnified 
image  of  puntings  upon  glass  or  any  transparent  substance  on  a  white  screen 
in  a  darkened  chiirober.  It  has  generally  been  devoted  to  the  amusement  of 
children,  paintings  of  a  ludicrous  description  being  its  usual  accompaniments ; 
but  it  may  be  emploved  with  propriety  to  ill usi rate  the  principles  of  the  sciences, 
by  a  selection  of  suitable  dinp-amt.  Tbe  apartment  in  which  the  exhibition  i* 
made  should  be  completely  darkened,  and  no  light  allowed  to  escape  from  the 
lanlern  except  what  passes  through  tbe  glosses.  To  increase  tbe  ligbt,  a  con- 
cave reflector  is  frequently  uied,  of  such  a  curvature,  that  the  candle  is  in  !t« 
focus,  10  that  the  rays  proceeding  from  it,  fall  parallel  upon  the  glass  next  the 
candle.  Tbe  glass  sliders  ugion  which  the  pictures  are  made,  are  generally  of 
■ufficient  lenglh  to  contoin  severai  sets  of  figures ;  the  sliders  being  iniroiluced 
by  an  opening,  cut  in  each  side  of  the  tube  containing  tbe  lenses.  A  section 
Of  thia  machine  i«  shown  below. 


MAGNESIA.  One  of  the  primitive  earths,  having  a  metallic  base  called 
magnesium.  It  is  naofl  while  powder;  of  specific  gravity  2.3.  It  renders  tlie 
syrup  of  violets,  and  the  infusion  of  red  cabbage,  green ;  and  reddens  tur- 
meric. It  is  infuaihle,  eicepl  by  the  o»y-hydrogen  blow-pipe.  Il  has  scarcely 
any  taste,  and  no  smell ;  is  nearly  insoiubie  in  water,  but  absorbs  that  liquid 
with  tlie  production  of  heat     Its  chief  use  is  in  medicine. 

MAGNET,  oa  LOADSTONE,  is  a  ferruginous  stone  or  ore  of  iron  ;  il  lias 
the  proper^  of  attracting  iron,  of  pointing  itself  in  a  certain  direction,  and  of 
communicating  the  same  property  to  steel  or  iron. 

MAHOGANY,  The  beautiful  reddish  brown  coloured  wood  of  which 
bouscbold  Kimiture  is  now  chiefly  made.  It  is  a  native  of  tbe  warmefl  parts  of 
America  and  the  West  Indies.  It  thrives  in  moat  soils  in  the  tropical  climates, 
but  varies  in  texture  and  grain  accordmg  lo  the  nature  of  the  soil.  On  rocks 
it  ii  of  a  smaller  siie,  but  veiy  hard  and  weighty,  of  a  close  ^ain,  and  baau- 
IJfully  shaded;  while  tiie  produce  of  the  low  anil  richer  lands  is  obsewed  to  be 
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the  frie-pkce  lo  a  floor  ahovt,  on  which  Ihe  malt  i>  laid.  It  may  be  comparrf 
to  an  inverted  pyramid,  havine  a  Bre-placc  in  its  vertcl,  and  iti  Wo  covered 
by  B  floor,  on  wbicb  tbe  nuJt  ia  dried  bj  the  heat,  and  more  or  leas  smoke 
I  according  lo  the  nature  of  the  Tue]  and  management  of  the  fire),  which  ascends 
from  the  fire  beneath.  The  door  is  usually  formed  of  tiles  supported  upon  iron 
bars ;  the  tilei  have  large  holes  made  nearly  through  them  from  the  lower  side, 
and  then  very  small  holei  pricked  entirely  through  them.  In  some  kilns  webs 
of  wire,  covered  with  hair-cloth,  are  used'  instead  of  the  perforated  tilei.  Tho 
fiiel  commonly  used  is  either  coke  or  etone  coal ;  sometimes  wood,  and  the 
hot-air  tbat  passes  through  the  malt,  has  ptetioualy  passed  tlirough  the  naked 
fire.  An  improvement  in  this  respect  has,  however,  been  Utely  introduced, 
which,  by  means  of  a  caat-iron  lube,  open  eitemally  lo  receive  the  air,  Bnd 
extended  across  the  furnace  and  horiEoutuI  flue  lo  acquire  heal,  thus  deliven 
ihe  air  lo  tbe  malt  at  an  elevated  temperature,  and  free  from  smoke,  os  well  oa 
other  impurities.  Distillers  and  brewers,  whose  huildinn  are  so  relatively 
■itUBted,  may  ihui  lead  the  air  cyhnder  for  their  mall  kihiB  ihrough  the  ftir- 
nacea  of  their  stills  or  boilert,  and  thus  save  the  necessity  of  a  distinct  funiaca 
for  the  malt,  and  a  great  portion  of  the  cost  of  fuel. 

An  important  improvemem  in  malt  kilns  was  introduced  by  Mr.  Salmon,  ■ 
mallster  of  Stokeferry,  in  Norfolk,  in  1823,  and  for  which  be  took  out  lelten 
patent  This  consists  in  admitting  a  portion  of  the  hot-air  from  ibe  flue  into 
the  part  of  tbe  kiln  above  the  malt,  during  Ihe  process  of  drying,  inslend  of 
causing  all  the  hut  air  lo  pass  through  tbe  malt  according  to  the  customary 
practice.    Tbe  ol^ect  of  Ibis  arrangement  is  to  promote  the  evaporation,  and  to 

.1.  J  moist  ait  instead  of  allowing  it  lobe  again  condensed,  and  depo- 

urface  of  tbe  malt.     The  grain  Soor  of  (he  kiln  i)  made  in  the 


earn  away  th 
aited  on  tne  i 


therein ;  but  tbe  hot  air  is  admitted  into  the  upper  part  of  the  kilo  ihrjugh 
large  openings  furnished  with  tubes,  or  by  small  flues  which  extend  higher  than 
the  surface  of  the  mall  on  tbe  floor,  and  thus  h  portion  of  the  hoc  air  U  con- 
veyed in  a  dry  state  to  the  suace  above  the  surface  of  the  molt.  The  vapout 
tbat  arises  from  malt  when  drj'ing  in  the  kiln,  is  discharged  into  ihe  air  through 
a  hood  or  cowl,  which  turns  round  by  means  of  a  vane,  ao  that  the  opening 
•hall  alwaya  be  in  the  oppoute  direction  to  that  from  which  the  wind  blows: 
but  the  aperture  of  the  common  cowl  always  remain)  of  the  )«me  magnitude. 
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[j  let  on  ifoni  MddBg  lagli^diied  mah, 

Mr.  Pcrkim^  of  ScuMlaod,  a  HcrtJbnI- 

liaip(fovliieh  be  raeared  an  hnnnrerj  trdel 

■HOf  aD  the  edveatagctof  theeonuiioo  eowl,  wilk 

of  wgiiithig  ue  opcam^  and  conwqotndy  the  draft  and 

It  alw  cnlMj  eidndee  wet  when  the  wind  ia  alilLand 

in  ahowen^  whieh  ia  not  effwtaalfy  done  with  tlie 

of  the  nudt  Ijing  on  the  floor,  and  the  nMtiag 

tfHft  Mtnial  b  empbyed  far  the  floor.    /^  1  in  the 

IMhiipnHnlithetam-QBnaaandtheneekftftinaectiQn;  eo 


inni"QBnn 
uiroiign  a 


ifidtng  duoogn  a  iq[iiare  bole  in  the  middle  of  tlia 


fiOBtiielieamtf;ondie«uneaziiiaalaimpid^  with 
'Mif  and  tnm  wbidi  a  chain  and  wekbtj  liang%  aofficient 
to  baknce  the  wog^t  of  the  ifidinff  bar  c^  and  tnrn^i^  n  a.  By  nonng  the  we^t 
j  the  cap  ia  hiwered  and  iinaDy  umt ;  and  on  lowering  die  weight  the  cap  ia 
raiaed  qjuite  up,  or  bdd  at  any  intenaediate  beigbt  Fig.  2  ia  a  lection  of  the 
neck  between  the  ban  d  and  «.  11^  S  ia  a  top  Tiew  of  the  bar  d,  abowing  the 
bole  throiu^  wbicb  the  apindle  paaMa;  k,fl^Z,  u  a  dmilar  iron  bar  aeroai  the 
capftak  llie  cbain/abookL  be  attadied  qaite  doae  to  tbeborcc,  toleaien 
ita  tendency  to  lean  on  one  ode.  Mah  m^  be  dried  iqpon  the  tame  kfloa  aa 
are  need  fisr  diying  grain  generany ;  aee  die  article  Kilmb. 

MALTHA.  l%e  mineral  tallow  ofKirwan»8aidtobelband  on  the  ooaat  of 
Knknd,  abo  on  the  lake  Baika],  in  Siberia.  It  reaemblea  wax,  and  baa  benee 
been  denominaled  aearwaz.  It  ia  a  aolid  fobttance,  apec  graT.  0.77,  white,  britde, 


ataina  paper  like  oil,  mdta  with  a  moderate  beal^  and  bona  with  a  Uue  flame 
and  mncn  amoke ;  dimolrea  readfly  in  oil,  and  impetfeedy  in  hot  alcoboL  The 
term  majfha  waa  likewiie  ^pliea  by  the  andenta  to  a  qpeeiea  of  cemen^  of 
wbidi  there  were  two  kinda,  naSife  and  fiietitioiia;  one  of  the  latter  coniiated 
of  pttdi,  wax,  plaater,  and  greaae;  another  (wbicb,  it  ia  aaid,  tbey  itted  in  tbeir 
a^pedaeta)  waa  made  of  lime  flacked  in  wine,  and  incorporated  with  melted 
pitch  and  fresh  figa. 

MANDREL  ia  the  name  ^iren  to  a  kind  of  pulley,  forming  an  important 
part  of  a  lathe ;  there  ara  Tanoui  kinds, — see  Turnimo. 

MANG AN£S£»  ia  a  mfetal  of  a  dull  whitish  colour,  but  soon  changes  to  a 
daric  grey  by  ezposura  to  the  air.  It  ia  bard,  brittle,  rough  in  its  fracture ;  not 
puhremable,  but  fidls  to  powder  when  broken  to  pieces  by  spontaneous  oxida- 
tion. It  ia  so  difficult  or  fusion,  that  no  heat  yet  exhibitea  has  csAised  it  to 
run  into  masses  of  any  considerable  magnitude.  Concentrated  sulphuric  acid 
attacka  manganese,  at  the  same  time  that  hydrogen  gas  is  disengaged.  Nitrio 
add  dtssolrea  it  with  eflferrescence,  and  the  escape  of  nitrous  gas.  A  spongy, 
black,  and  friable  matter  remains,  which  is  a  carburet  of  iron.  The  oxide  is 
more  readily  aoloble  in  nitrous  add.  Maneanese  is  dissolved  in  the  usual 
manner  by  muriatic  add.  In  the  dry  way,  the  oxide  of  manganese  combines 
with  such  earths  and  saline  substances  as  are  capable  of  undergoing  fusion  in  a 
atrong  beat  Manganese  mdts  readily  with  most  of  the  c^er  metals,  but 
rdeets  mercury.  Gold  and  iron  are  rendered  more  fusible  by  a  due  admixture 
of  mamnnese^  and  the  latter  metal  is  rendered  more  ductile.  Copper  becomes 
loa  liinble,  and  is  rendered  whiter,  but  of  a  colour  subject  to  tarnish.  The  on 
of  manganeae,  known  in  Derbyshire  by  the  name  of  Mack  wadd,  is  remarkable 
lor  its  spontaneous  inflammation  when  thoroughly  dried  with  oil.  Manganese 
is  diiefly  used  by  the  elass  makers  and  potters,  but  since  the  discovery  of 
chlorine,  its  application  m  the  art  of  bleaching  has  much  extended  its  useful- 
ness.   Siee  Bleaching. 

MANGLE.     A  domestic  machine  of  great  utility,  employed  in  smoothening 
linen,  as  a  substitute  for  the  heated  irons  extensively  used  for  the  same  purpoae. 

In  the  common  mangle,  as  most  of  our  readers  well  know,  the  linen  or  other 
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mrticlei  to  be  mangled  are  wrapped  round  wooden  toIUtb,  wluch  are  placed 
upon  a  lolid  level  bed  or  floor,  and  upon  the  rollers  ii  placed  a  large  ohlong  box. 
wliich  ii  filled  with  Btone*,  or  oiher  heavy  luUwncet,  in  onler  ihat  tliey  may 
preu  with  great  force  upon  Ihe  roller.,  while  Uie  box  ii  moved  baotwarda  and 
forward*  upon  them,  by  meani  of  a  handle  attached  lo  an  upper  roller  or  wi.id- 
Ian,  to  which  itrapa  from  each  end  of  llic  moving  bos  are  attached.  l,y  tins 
Riachiiie,  the  operation  of  mangling  ii  very  well  done,  hut  the  labour  is  exeei- 
■ive  on  account  of  the  neeeasity  of  frequently  arroling  and  changing  the  motiim 
of  the  heavy  boi.  In  China,  mangling  i»  performed  in  the  most  perfect  man- 
ner bj  a  machine  of  the  aamo  kind  ai  our  common  mangle,  but  far  ainiplet. 
A  ooncavity  u  formed  in  Ibe  floor  of  the  apartment,  of  a  hard  and  polialied 


1,  into  which  ia  placed  a  roller,  with  the  cluth  intended  to  he  mangled,  around 
it.  A  heavy  atone,  (no  iliaped  as  to  rest  un  either  end  while  the  opcralor 
examines  hia  work.)  ii  tlien  glided  on  the  roller,  and  its  elevations  Rllemalcly 
pressed  by  hi«  feet,  so  that  the  article  iliall  receive  an  eijiial  presBure  on  every 
part  of  it.  The  man  supports  himself  by  bamboos  placed  in  ibe  floor  for  that 
purpose,  as  leprcBenled  by  the  above  eiieraving.  and  aAcr  a  labour  of  four  or 
five  minulei,  tlie  work  is  admirably  finished. 

Another  extremely  simple  machue,  delineated  in  the  engraving  on  p,  1 
~.    .        -     ..  -  Ij 


.  137.  hat 


been  applied  with  good  effect,  by  Mr.  l^lcher,  Tot  the  puipose  of  mangling  linen. 
It  coDsista  of  a  roller  about  4  inches  in  diameter,  and  30  inches  long,  with  a  piece 
of  the  thick  woollen  cloth  uaed  for  ironing,  firmly  fixed  lliereon.  The  roller  is 
turned  round  by  means  of  a  winch,  and  has  its  bearings  at  the  endi  in  two  ttoiit 
iron  plates,  screwed  to  the  sides  of  the  lahle.  Upon  the  roller  restx  a  board, 
of  the  length  and  width  of  the  table,  secured  to  it  at  one  end  by  hinges,  tuid 
has  at  the  other  end  a  weight  suspended  lo  it,  the  pressure  of  which,  upon  turn- 
ing the  winch,  winds  the  woollen  cloth,  and  the  damp  linen  articles  laid  upon 
it,  so  tight  upon  the  roller,  that  by  continuing  the  muliun,  the  linen  become*  as 
MDDotli  H  upon  the  common  unwicldr  mangle.     The  roller  rests  upon  tlie  lable^ 
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excellence,  and  at  •  verj  moderate  coat  Initead  of  the  top  and  botloin  rack, 
thin  manele  ii  provided  with  a  atout  mrt&llic  bar,  witli  a  row  of  pegi  along  the 
tniddle  of  one  aide  or  it ;  and  parallel  wiih  the  line  of  thn?  pcgi  there  ia  a  deep 
projecting  flanee,  desired  to  confine  a  pinion  in  its  hold  upon  the  pegi  as  the 
rack  traveraea  backwardi  and  forwards,  by  acting  eucce&sively  on  each  aiile  uf 
the  aeriea  ofpina;  and  the  rack  ta  lo  balanced  by  weighted  leven,  that  aa  the 
pinion  pasaea  round  the  endmost  peg,  at  either  end  the  rack  ia  altemalelj  raiaed 
and  dEprciied.  For  a  particular  deacription  of  thii  machine,  lee  Rtguler  of 
ArU.  Vol.  I.  New  Series,  p.  168. 

A  new  and  very  simple  tnetliod  of  producing  the  allemale  motion  of  a 
mangle-box,  by  llie  conlinuous  motion  of  the  handle  in  one  direction,  invented 
by  John  Thurrcl,  was  lately  communicati'd  Eo  llic  Society  of  Arts,  a  plan  of 
which  ia  represented  in  the  aubjoined  engravine.     a  a  is  the  mangle-box,  b  h 

Earls  of  the  rraine  which  support  the  axis  cc;  rflhe  cranked  handle,  e  and/ two 
arrela  iooae  on  the  axis  cr;  to  the  barrel  eare  fastened  two  cords,  one  of  which, 
after  making  aeveral  coila  round  the  barrel,  paaaea  from  its  under  aide  to  the 
eye  h,  where  it  la  aecured ;  while  the  other,  oiler  having  in  like  manner  coiled 
round  the  barrel,  is  also  delivered  from  ila  under  aide  to  the  eye  g.  To  the 
baTrel/  are  alio  fastened  two  corda.  which  being  delivered  from  the  upprr  side 
of  the  barrel  are  respectively  fixed  in  the  eyca  i  end/  The  part  k  of  the  axis, 
between  the  barrcla,  is  made  aquare,  and  ia  cut  out  longitudiDally  to  receive  the 
lever  I,  which  ii  aecured  in  its  place  by  a  pin,  hut  so  as  to  allow  of  lateral 
motion  between  the  two  barrels ;  each  of  theae  barrels  has  a  stud  n  and  n,  aa 
placed  that  t!ie  lever  may  be  ahifled  to  engage  either  of  tliem,  and  consequenttr 
to  oblige  that  barrel  with  which  it  may  be  engaged  lo  revolve,  together  with 
the  Biia;  0  and  p  are  two  alternating  irons,  each  with  an  eye  at  one  end. 
through  which  a  pin  o  paasea,  in  order  to  fasten  them  to  the  mangle  box ;  their 
height  above  the  box  la  auch  as  to  allow  them  iuat  to  clear  the  axia  when  paaaing 
unoer  it,  and  the  motion  of  each  u  limited,  but  on  opposite  sides,  by  the 
•justing  pins  rr. 


The  figure  represents  the  lever  /  as  engaced  with  the  atud  n,  and  coniequentlj 
as  being  fixed  in  the  barrel  e  ;  now  if  the  barrel  ia  turned  so  aa  to  wind  up  the 
cord  k,  the  cord  g  will  propottionably  unwind,  and  the  niangle-bax  will  mov« 
from  left  to  ri^ht  till  the  end  /  of  the  lever  comes  in  contact  with  the  oltenating 
iron  at  the  pomt  o.  By  continuing  to  turn  tlie  handle,  llje  end  of  the  levM 
ASAct  from  o  lo  the  end  of  the  iron,  and  ia  brought  into  the  poiition  shown  by 
dotted  lines;  the  stud  n  ia  consequently  diaengaged,  and  the  barrel  t  heromea 
loose ;  at  the  aame  time  the  lever  engagea  the  stud  m,  and  fixes  the  barrel  /. 
The  handle  being  still  turned  in  the  aame  direction  aa  at  firat,  begins  to  wind  up 
the  cord  i,  and  thua  mokea  the  box  begin  to  move  fi'um  right  to  left,  the  corij 
at  lh>  aame  time  imwiiiding  proportionally.  When  the  led  hand  allematidij 
iron  bM  begtin  to  come  under  tlie  axle,  the  end  of  the  lever  will  touch  it  U  a. 


vin  t&Se  along  it  lo  the  poinl  of  Ibe  anek,  mi  in  doing  lo  will  bring  It  to  the 
poutioD  ibown  in  the  figure,  the  barrel  *  being  now  filed,  and  the  ban«l  / 


being  loofe.     Thus  u  accompliBlied  x\ie  prodoction  of  an  alternating  a — 

the  box,  b;  coDtiauing  lo  luni  tiie  huiidle  alirayi  in  the  lainB  direction.  The 
tu^  of  the  lever  I  a  bevelled  off,  >o  tliat  if  the  handle  it  turned  in  a  wrong 
direction,  it  pu«cs  between  the  ^luila  in  and  b,  and  not  engaging  either  bairel 
producCT  no  motiao  ol  the  man|;!c-b<>Y.  Fig.  2  ia  one  of  the  barraU  w  -  ■  ' 
and  Ilff.  3  (be  iquare  middle  port  of  the  axia,  ahowing  tlie  ilit  L 

In  1823.  a  patent  was  taken  out  by  Mr.  Snowdon  for  an  erect  or  vertical 
mangle,  by  which  it  was  intendrd  to  obTiats  an  objection  sometimei  made  to 
the  common  horizontal  manglea  thai  wa  hare  been  deicribing ;  namely,  the 
gnat  tp»£e  they  occupy.  Several  patent*  have  indeed  been  taken  out  for 
maoglei  of  the  vertical  kind ;  hut,  for  reaioDi  that  we  are  not  acquainted  with, 
bare  not  been  much  patronised  by  puldie  adoption.  The  following  invention 
was  patented  in  1S28,  by  Mr.  Samuel  Wilkinaoo,  of  Holbeck,  in  Yorkshve, 
but,  as  slated  in  the  ipecifieatian,  the  ir     " 


■.  Cabi 


the  ipeci 
met  Siai, 


a  constructed  « 


The  annexed  figure  affiirds  a  side  vi 

if" 

□r  the  cheeks  supporting  Ae  lower  raBer  e;  tha  upper  roller  d 


vigles.       Ihe  annexed  ligure  attonls  a  side 
pTiucipal  parti  of  the  machine,  tbo«e  whidt  are  omitted  being  left 


rests  upon  the  lower  one.     Preiiure  ia  given  by  a  weighted  lever  t,  suspended 
by  the  13d/  Oom  anullier  Ecvcr^,  which  tunu  upon  a  fhlettun  at  h,  uia  baa  m 


mece  of  hardened  ileel  k  dovetailed  into  it,  against  which  the  axis  of  d  vorks. 
The  lower  roller  c  has  a  wheel  on  its  axis,  turned  by  a  pinion  on  (he  a\it  /  c.f 
the  fly  wheel  ss,  and  the  fly  wheel  is  made  to  revolve  by  a  handle  on  one  of  its 
anna.  To  imiae  the  upper  roller  to  place  under  it  the  article*  to  be  mangled, 
the  arm  j  is  connecteo  to  a  Nmilar  arm  on  the  opposite  side  by  a  cross  tMir  % 
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■utpended  by  a  chain  from  the  wheel  o,  whicli  being  turned  by  the  lerer  m, 
clevatn  the  arm  g,  and  with  it  the  upper  roller  d.  The  line  r  merely  repre- 
lenti  the  Eituation  of  the  mangling  cloth.  The  patentee  is  silent  in  bii  ipecifi- 
calion  as  to  the  mode  of  working  the  machine,  whether  by  continuous  or 
reciprocating  action.  Some  aiticlei  will  require  to  be  passed  under  the  rollers 
mote  than  once,  and  we  can  di-icover  no  method  in  the  present  machine,  of 
doing  this,  but  by  reversing  the  motion,  which  will  require  attention  on  the  port 
of  the  mangier,  who  must  watch  until  the  goodi  are  nearly  pait  the  rollers,  and 
then  reveriie  the  motion ;  wliilst  the  common  mnngle  pcrlorma  this  a(  ii^cir. 
If  the  mangling  cloth  were  an  endleaa  web  passing  over  other  rollers,  a  rotaUity 
tnotioD  alone  would  be  required ;  but  the  patentee  does  not  state  in  hia  apeci£- 
calion  that  he  usea  any  such  arrangement.  The  machine  seems  calculated  to 
obtain  a  conuderable  degree  of  pressure  in  a  convenient  manner. 

The  sketch  below  is  taken  from  a  small  model  of  a  mangle  that  was  exhi- 
bited amongst  others  at  the  National  Repository,  invented  by  Mewis.  Brook 
■nd  Webster,  of  Thonihill,  in  Yorkshire,  a  is  a  drum  or  cylinder,  at  one  end 
of  which,  and  on  the  same  axil  is  fixed  the  toothed  wheel  b,  which  is  turned  by 
the  pinion  *  by  the  revolution  of  the  winch  p.  daiid  e  are  two  rollers,  rounii 
which  the  cloth  to  be  mangled  is  wrapped ;  these  Toilers  are  placed  in  the 
curved  arms  shown,  which  turn  upon  centre  pins  sXfg;  h  and  i  are  levers,  the 
bended  ends  of  which  fit  into  locktU  in  the  curved  amu ;  (in  (he  model,  the 
levera  were  tiveltcd  to  the  arms,  which  the  editor  considered  to  be  inconvenient) 
e  o  are  weights  suspended  Id  the  levers  to  give  the  pressure,  which  can  be  in- 
creased at  diminished  at  pleasure,  either  by  altering  the  actual  quantities  of  the 
weights  or  changing  their  aituiHon  on  the  levers.  In  order  to  remove  the 
clotues  from  either  of  the  rollen,  or  to  put  others  on,  the  weights  must  be  taken 


off  the  lever,  the  lever  must  be  lifted  out  of  its  socket  or  be  lifted  up  with 
the  curved  arm  which  turns  upon  Its  end,  and  he  thrown  back  together.  With 
some  slight  modifications  (such  as  so  easy  mode  of  removing  the  load  fi'oni  tlie 
levers,  Sec.)  this  compact  mangle  may  be  made  very  convenient  and  efitclive. 

MANNA.  A  white  sweet  juice.  «rhich  oozes  from  the  trunk,  branches,  and 
leaves,  of  several  kinds  of  trees  ;  hut  the  ash,  the  larch,  and  the  olhagi  afford 
it  in  the  largest  quantities.  Sicily  and  Calabria,  are  the  countries  Irom  whence  ' 
it  is  chiefly  obtained  ;  where  it  flows  naturally  from  the  ash,  and  attaches  itself 
to  its  sides  in  ihe  (brm  of  white  transparent  drops ;  hut  the  extraction  of  this 
Juice  is  facilitated  by  incisions  made  in  the  tree  during  summer.  Its  smell  it 
atrone,  and  its  taste  sweetish,  and  slightly  nauseous.  Water  dissolves  it.  hot 
or  coli  If  it  be  boiled  with  Ume,  clarified  with  white  of  egg,  and  concen- 
trated by  evaporation,  it  aflbrds  crystals  of  sugar.  This  substance  forms  tit* 
buis  of  many  purgative  medicines. 
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MARQUETRV.  A  kind  of  inlaid  work,  compoaed  of  a  tasteful  varietj 
d  line  voods.  of  different  ihadei  and  colours,  clued  or  fastened  in  thin  slicos 
on  B  solid  ground ;  the  work  is  not  utifrcquently  cniichpd  with  silver,  brasb, 
tortoisetlitll,  ivory,  and  otber  beautiful  substancBs ;  and  the  pieces,  duly 
w^pared  beforehand,  are  niccesBively  laid  together  according  to  a  design  or 

dTBTlng. 

MASONRV-  The  art  of  hewing  and  preparing  atones  of  their  due  propor- 
tions and  figure,  and  of  joining  them  together,  in  building  houses,  and  other 

MASSICOT.    The  yellow  oiido  of  lead.    See  Lead,  and  Paiktiso. 

MAS1'.  A  long  round  piece  of  timber,  raised  perpetidicularly  on  the  keel 
of  a.  ship,  upon  which  are  attached  the  yards,  the  Bsils,  and  the  rigging.  A 
mut,  according  to  its  length,  is  either  formed  of  one  single  piece,  which  is  called 
a  pole  mast,  or  composed  of  several  pieces  joined  together,  each  of  which  retains 
the  name  of  mast  separately.  A  Imcer  mail  being  (.he  lowest,  is  accordingly  so 
called  ;  the  foot  of  it  rests  on  a  block  of  timber  called  the  step,  which  is  lixvd 
on  the  keelson.  A  /op  matt  is  raised  at  the  head  or  top  of  the  lower  nmst. 
through  a  cap,  and  supported  by  trestle  trees,  (See  the  article  Fid.)  The 
top-gaUani  tsait,  is  a  smaller  mast  than  the  preceding,  and  is  secured  to 
■t«  bead  in  the  same  manner.  1'he  tap-gaUaut  nyat  nuul  is  a  yet  smniler 
mast  sometimes  raised  above  the  last  mentioned  ;  but  in  some  ships  it  detiute^ 
B  continuation  of  the  lop-gallant  mast,  above  the  rigging:  it  is  then  called 
mpob  tDp-galliint,  to  distinguish  it  from  a  iltitap  top-gallant  mast,  which  lenni- 
•  nates  just  above  the  rigging.  The  maia-mait  is  tlie  largest  mast  in  a  ship,  and 
nda  nearly  in  the  middle,  between  the  stem  and  the  steni.  Tbe/or^niuif  is 
tt  which  stands  near  the  stem,  and  is  next  in  size  to  the  main-mast.  '1'he 
•stxen-noil  is  the  smallest  mast,  and  stands  about  halfway  between  the  main 
mast  and  the  stem.  Uade-vioil  is  a  tenn  applied  to  a  most  composed  of  several 
pieces  of  timbet  in  contradistinction  to  tliose  made  of  a  single  stick.  RougA- 
mait,  denotes  a  spar  fit  for  tnoking  a  matt.  Besides  the  ptuU  already  men- 
tioned, in  the  construction  of  masts,  with  respect  to  their  length,  the  lower 
masts  of  the  largest  ships  are  always  made  of  several  pieces  of  timber  firmly 
united,  by  stout  iron  hoops.  As  these  are  generally  the  most  substantial  pans 
of  various  tiers,  a  mast  thus  formed  is  esteemed  stronger  than  one  consisting 
of  only  a  single  timber,  the  strength  of  which,  by  internal  defects,  may  be  con- 
•idenbly  impaired.  Attempts  were  made  some  yean  ago  to  iotroduce  hollow 
masts,  the  invention  of  Mr.  George  Smart,  of  Vi  estminster  Bridge ;  and  they 
were,  we  believe,  pHrtiallj  adopted  for  small  vessels;  such  masts,  from  their 
c^lindiical  6gure,  being  stronger  than  solid  masts,  containing  a  similar  moss  or 
weight  of  materials.  Siir  Kobevt  Seppings  has  likewise  distinguished  himself 
unongst  hU  other  improvements  in  ship  building,  in  the  construction  of  masta, 
for  which  be  took  out  a  patent;  the  speciGcalion  of  which  infortns  us  that,  for 
ships  of  tlie  line,  frigate*,  and  large  merchantmen,  whose  masts  are  more  ibau 
S3  inches  in  diameter,  they  are  to  be  composed  of  twelve  principal  pieces,  in 
the  following  manner.  Four  pieces  of  small  sijuare  balk  timber  are  to  be  united 
diagonally,  so  as  to  form  a  hollow  square  in  the  centre.  Externally  on  each  of 
these  four  pieces  are  to  be  tree-nailed  two  addilionul  pieces.  The  twelve  piecea 
thus  united,  are  now  to  have  their  angular  edges  cut  away,  and  planed  down, 
•0  as  to  bring  the  whole  to  acimalar  ligure,  when  bu  iron  hoop  is  to  be  placed 
.  luund  them,  and  tlie  angular  spaces  filled  up  with  slips  of  wood.  In  connecting 
I  the  pieces  of  tiuiber  so  as  to  form  the  teijuired  length  of  mast,  bars  of  iron  are 
to  be  inserted  longitudinally  into  muriices  mode  in  both  to  receive  tbem;  and 
the  several  pieces  are  to  cross  each  otber  or  "  brcali-joint."  In  constructing 
the  masts  for  smaller  vessels  than  before  mentiujied,  only  eight  or  four  balk 
timbers  are  to  be  employed,  (according  to  ilielr  dimensions,)  which  are  to  he 
connected  longitudinally  and  transverscl)'  in  a  similar  manner  to  that  described. 
Hollow  masta  so  formed,  are  not  only  much  stronger  than  when  soUl,  but  they 
«lfect  a  great  economy  in  the  cost,  in  the  laciliiy  of  making,  and  of  transpor- 

A  patent  for  ■>  Impiovemeots  in  Moaiiug  Vetsols,"  vas  uken  out  in  1S26. 
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atry  at  a  ihip,  thai  feirer  honda  will  be  requireil  to  vnrk  it,  that  ihe  ninninf 
rigging  may  be  much  ■implifleil  and  curtailed,  and  tlic  near  and  tear  greatly 
reduced.  Tlie«e  improve  men  t«  are  considered  applicable  lo  open  boats,  deck 
boala,  and  small  craft  in  general  i  lo  vewels  employed  in  inland  navigation, 
couting  veiKli,   atid   porticiilarly  thoie   narigatiug   intricate   chanueU   and 


rivfra.  Bui  Mr.  Sliuliiham  does  not  consider  them  applicable  to  veiul*  of 
war  and  vauxli  ul'  oniall  tonnage,  iliat  carry  lumber  in  iheir  dcoki,  owing  to 
ihc  room  requited  for  tlie  revolvbg  basef  ol  the  maiU.  The  maats  are  vwioualy 
*upported,  accorduig  to  the  toiiUBge  of  the  vessels ;  in  decked  boats  and  small 


measuhk. 

Eurta  of  one  of  thero,  will  the  proposed  lolid  be.  Tlie 
;ng;lh  U  tenned  Ibteai  or  long  measure  :  tliat  for  tuTface* 
and  (hat  for  solids  or  capacities,  cubic  nr  solid  measure. 
n  passed  through  Parliament  for  altering  weights  aud  mea- 
ise,  ihe  preamble  of  which  states,  "  whereas  it  is  neevisary 
" id  for  the  good  of  the  CI  ■-     .1    .       ■  1. 


138 

feet,  yard,  8re.,  01 

luperficial  measure 

In  I82S  aBillv 

sures  previously  in 

for  the  lecurilj  of  ,  ^ 

and  measures  shoidd  be  just  and  uniform:  and  whereas  notwitfistanding  it  ii 
provided  by  the  Great  Cliarlcr,  tliat  there  shall  be  hut  one  measure  imd  one 
weight  throughout  the  realm,  and  by  the  treaty  of  union  between  England  and 
Scotland,  that  the  same  weights  and  measures  should  be  used  throughout  Great 
Britain,  as  were  then  esUtblished  in  England;  yet  different  weights  and  measures, 
some  larger,  and  some  less,  are  still  in  use  in  various  places  throughout  the  Uuited 
Kingdom  of  Great  Britain  and  Ireland,  and  llielruemeiuiireofUiepretaililandard 
it  nof  ctriiy  iaoum,  which  is  the  cause  of  great  confusion  and  of  manifest  fraud* ; 
for  the  remedy  aud  prevention  of  those  evils  for  the  future,  and  to  the  end  that 
certain  standards  of  weights  and  measures  should  be  established  throughout  the 
United  Kingdom  of  Great  Britain  and  Ireland,  the  new  standards  ate  denomi- 
nated impenai,  and  (be  rationale  of  (he  system  by  which  they  have  been  deter- 
mined is  thus  explained.  Take  a  pendulum  which  will  vibrate  seconds  in 
London,  on  a  level  of  the  sea,  in  a  vacuum ;  divide  all  that  part  thereof  which 
lies  between  the  aiis  of  suspension  and  the  centre  of  oscillation  into  3EI-1393 
equal  parts i  then  will  ten  thousand  of  those  ports  be  an  imperiul  inch;  ,12 
whereof  mijte  a  foot,  and  36  whereof  make  a  yard. 

The  ttandard  ijard  is  determined  to  be,  "  tliat  distance  between  the  cenlrea  of 
the  two  points  ia  the  gold  studs  in  the  straight  brass  rod,  now  In  the  cuslody  of 
the  clerk  of  tlie  House  of  Commons,  wherein  the  words  and  figures  '  Standard 
Yard,  17C0,'  are  engraved,  which  is  declared  U)  be  the  geniune  standard  of  the 
measure  of  length  called  a  yard :"  and  as  the  expansibility  of  the  metal  would 
cause  some  vanatton  in  the  length  of  the  rod  in  ditTerent  degrees  of  tempera- 
ture, the  act  determines  that  the  brass  rod  in  question  shall  be  of  the  tempera- 
ture of  62"  Fohr,  Tlie  measure  is  to  be  denominated  the  "  Imperial  Standard 
Yard,"  atid  to  be  tiie  osly  lUmdard  whmby  all  other  mfomrei  of  lineal  exlenmm 
ihaS  be  computed.  Thus  the  foot,  the  iuch,  the  pole,  tlie  furlong,  and  the  mile, 
shall  bear  the  same  proportion  to  the  imperial  standard  yard  as  they  have 
hitherto  home  to  the  yard  measure  in  general  use.  And  should  it  liappen  that 
the  aforesaid  brass  rod  of  17G0  be  lost,  defaced,  or  destroyed,  a  reference  to  the 
invariable  natural  standard  aiforded  by  the  pendulum  before  menLoned,  will 
enable  it  to  be  restored  with  the  utmost  eiaclness. 

The  itanilard  gallon  is  determined  by  the  act  to  be  such  measure  oi  shall 
contain  10  lbs.  avoirdupois  weight,  of  dis^Ued  water,  weighed  in  air,  at  tbe 
temperature  of  62*.  of  Pahr.,  the  barometer  being  at  30  inches,  to  be  used  as 
well  for  wbe,  beer,  ale,  spirits,  and  all  sorts  of  liquids,  us  for  dry  goods,  not 
measured  by  heaped  measure ;  and  ibat  all  other  measures  shall  he  taken  in 
parts  or  multiples  of  the  said  imperial  standard  gallon,  the  q'.iart  being  the 
fourth  part  of^such  gallon,  and  tlie  pint  one-eighth  part;  two  such  goJlona 
making  a  peck,  eight  such  gallons  a  bushel,  and  eight  such  buiihels  a  quarter  of 
corn,  or  oilier  dry  goods  not  measured  by  heaped  measure." 

Heaped  meanire. — "  That  the  standard  measure  of  capacity  for  ooida,  lime, 
culm,  nsh,  potatoes,  or  fmlt.  and  all  other  goods,  and  things  commonly  sold  by 
heaped  measure,  shall  be  tlie  aforesaid  bushel,  containing  80  lbs.  avoirdupois 
of  water,  as  aforesaid,  the  same  being  made  round  with  a  plane  and  even 
bottom,  and  being  1 9}  inches  Irom  outside  to  outside  of  such  standard  measure 
ai  aforesaid  :'*  and  goods  thus  sold  by  heaped  measure  shall  he  heaped  "  in  the 
form  of  a  cone,  such  cone  to  be  of  the  height  of  at  least  ax  inches,  the  outside 
of  the  bushel  to  be  the  extremity  of  the  base  of  such  cone;"  three  such  bushela 
shall  be  a  sack,  and  twelve  such  sacks  shall  be  a  chaldron. 

Stricirn  meaaure. — The  lost- men  tinned  goods  may  be  told  either  by  the  heaped 
measure  or  by  the  standard  weight  {see  the  article  Weiobt)  ;  but  for  all  other 
kindofgoodsnot  usually  sold  by  heaped  measure,  which  may  be  sold  or  agreed  for 
by  measure,  the  same  standard  measure  shall  be  used,  but  it  shall  not  bo  hc&ped. 


lid 


MECHANIC  POWERS. 


A  knowledge  of  the  comparatiTe  value  of  EngliBh  and  French  meattu'et 
being  indispensable  to  every  scientific  reader,  we  add  the  following  calculation 
of  diem  by  Dr.  Duncan,  jun. : — 

1.  FrfHch  Meaiuru  cf  Lenffth^  the  metre  being  at  32o,  and  the  foot  at  62^ 


Millimetre 

=               .03937  English  inches 

Centimetre 

=               .39371             „ 

Decimetre 

=             3.93710            „ 

Metre 

=           39.37100 

Decametre 

:=         393.71000            „ 

Hecatometre 

=       3937.10000            „ 

Kilometre 

=     39371.00000            „ 

Myriometre 

=  393710.00000 

2.  French  Measures  of  Capacity, 

Millilitre 

=               .06103  English  cubic  i 

Centilitre 

=               .61028                   „ 

Decilitre 

==             6.10280                   „ 

Litre 

=           61.02800 

Decalitre 

=         610.28000                    „ 

Hecatolitre 

=       6102.80000                    „ 

KUolitre 

=     61028.00000                    „ 

Myriolitre 

=  610280.00000                    „ 

For  the  comparative  value  of  English  and  French  measures  of  weight,  see 
Weight. 

MECHANICS  is  a  science  which  treats  generally  of  the  action  of  forces 
on  solid  bodies,  and  the  construction  and  use  of  machinery.  When  forces 
acting  upon  a  body  in  different  directions  produce  equilibrium,  it  is  investigated 
under  the  head  of  Statics  ;  but  when  the  acting  forces  are  so  applied  as  to 
produce  motion,  it  constitutes  a  case  in  Dynamics,  which  see. 

MECHANIC  POWERS  are  those  simple  machines  or  elements  that  enter 
into  the  construction  of  the  various  parts  of  machinery :  they  are  usually  con- 
tidered  to  be  six  in  number ;  viz.  the  lever,  the  wheel  and  axle,  the  pulley,  the 
inclined  plane,  the  wedge,  and  the  screw.  It  may  be  easily  shewn,  however, 
that  these  are  capable  of  being  reduced  to  greater  simplicity.  Thus  the  wheel 
and  axle  is  only  a  succession  of  levers,  and  the  wedge  and  screw  are  merely 
modifications  of  the  inclined  plane ;  hence  all  the  varieties  of  machinery  are 
reduced  to  these  three  simple  elements : 

1.  The  lever. 

2.  The  pulley. 

3.  The  inclined  plane. 

In  treating  of  the  use  of  simple  machines,  it  is 
usual  to  consider  all  bars  as  perfectly  inflexible, 
cords  as  perfectly  flexible,  and  surfaces  to  move  on 
each  other  without  friction,  and  afterwards  to  make 
allowances  for  these  disturbing  forces  to  the  weight 
raised,  as  1  to  2.  In  the  diagram,  a  eh  is  the 
movable  pulley  supporting  the  weight  at  e; 
e  aehp  is  a  cord  passing  under  the  movable 
pulley,  and  over  the  fixed  pulley  at  dL  Now,  as 
the  whole  weight  is  supported  by  the  two  portions 
of  the  cord  c  a  and  d  b,  each  of  them  sustains  one 
half,  and  as  the  passage  of  the  cord  over  the  fixed 
pulley  makes  no  difference  in  the  proportion,  it  is 
clear  that  the  power  p  if  equal  to  half  the 
weight 
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^  'Dilinilsr  must  be  noliveif.  Thu»  ihe  forco  acting 
in  the  dirpction  fc  niuit  be  rcHjIved  inlo  loo  olhera, 
one  polling  \n  the  direction  t  e.  snd  llie  other  in  fe. 
Now  the  force  in  <  c  doei  not  all  act  in  aupporling 
die  wrieht,  which  it  wholly  suitnhied  by  thai  'm/e. 
hcBce  the  power  i«  Id  the  weight  hi  ef  ii  to  twice 
r/l  tnd  u  cf  is  grraler  than  ef,  the  power  muet 
be  greater   than  one-hnlf  the  weight,  and.   conie- 

Sienlly,  there  ii  a  loss  of  power  by  the  obliquity  of 
e  cordi.     Sometimei  the  lower  or  movable  piiUey 
coniiiti  of  B  block  containing  leTeral  nniU  nheeii  or  theavea,  i 

the  appantnu  is  termed  a  block  and  fall.     The  power  with  «uc_   _     _ 

rauly  calculated,  by  observing  the  numher  of  cords  by  which  the  lower  block 
or  fall  is  supported.     If  the  rati  be  impended  by  six  ropes,  of  course  each  will 


n  which  case. 


a  1  to  the  number  of  cords  supporting  the  lower  block,  o 
number  of  sheaves  in  Ihe  foil. 

A  modification  of  this  arrangement  is  seen  in  the  following  diagram  (Fly.  I), 
of  White's  pulley  :  it  consists  of  a  number  of  concentric  grooves,  formed  in  a 
■olid  mass  of  brass.  &c.,  the  diameters  of  the  grooves  being  regulated  by  the 
quantity  of  cord  that  hu  to  pass  over  each.  As  these  all  move  on  a  smgle 
uis,  ooaaiderable  reduction  of  (rictioa  it  obtained  ;   but  the  great  dilTiculLies 


■uending  the  conitmction  of  this  apparatus  seem  insuperable  obstacles  to  its 
exuiinve  employment.  The  power  la  calculated  as  in  the  lust  example.  In 
the  diflerent  arrangements  hitherto  mentioned,  a  single  cord  is  employed 
puling  round  all  the  pulleys;  and  if  Bttcnilon  be  given  to  the  spaces  pained 
cnw  by  the  part  attached  to  the  power  and  llmt  affixed  to  the  weight,  it  will  h« 
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seen  that  Um  tame  law  obtains  a«  in  tbe  oditr  meehaaio  powen, — tht  wptn 
paned  oyer  by  the  power  exceeding  that  paesed  oyer  by  toe  weight,  as  much 
as  the  weight  exceeds  thepowes. 

In  thu  airangement  difierent  cords  are  employed  (as  in  JF^.  2  in  the  preceding 
page),  one  to  each  pulley ;  there  being  three  moYable  pullejrs,  the  power  is  to 
the  weight  as  1  to  8  :  thus  suf^pose  the  power  to  be  1  lb.,  the  cords  a  b  and  c  I 
will  each  support.  1  lb.;  hence  the  oords  supporting  the  puUey  «/  will  each 
sustain  2  lbs.,  and  the  cords  supporting  h  i  wul  each  bear  4  lbs.  Or,  sujqpose 
the  weight  to  be  sustained  by  Um  om  kih,  each  will  support  one-half ;  the 
cord  gj€  will  support  one-fourth,  and  elb  will  sustam  one-eighth.  In 
moYaUe  pulleys^  then,  with  separate  cords  to  each  pulley,  the  power  is  to  the 
weight  as  the  number  2  raised  to  a  power  equivalent  to  the  number  of  pulleys 
ei^oyed.  If  the  number  of  pulleys  had  been  four,  the  power  gained  would 
have  been  2X2x2X2al6. 

Another  combination,  somewhat  similar,  is  seen  in  the  next  figure  (Fig,  I), 
m  whidi  the  several  eords  are  attached  to  the  weight;  this  makes  a  little  differ- 
enoe  in  the  amount  of  power  gained.  A  power  ^  (^  lib.  will  sustain  a  part  of 
the  weight  eqpial  to  lib.  This  power  of  2  lbs.  actinc  at  d,  will  support  an  equal 
portion  of  the  weight,  which,  again  acting  with  double  ibroe  at  g,  will  sustain 
4  lbs. ;  hence  the  quantity  supported  isl-f2  +  4c=7  times  the  power. 


Fig.  2. 


Another  somewhat  different  arrangement  is  shown  In  Fig.  2,  in  which  the 
one  cord  passes  over  a  fixed,  and  the  other,  over  one  ci  the  movable  pulleys. 
A  power  of  1  lb.  si  p  would  support  a  weight  of  2  lbs.  at  w,  and  an  equal 
advantage  is  gained  by  the  attachment  of  the  cord  passing  over  the  fixed 
pulley  a  ;  the  power  is  therefore  one-fourth  of  the  weight.  Ouer  combinations 
sometimes  occur,  the  nature  of  which  will,  it  is  presumed,  be  understood  by 
reference  to  those  above  explained. 

MEPHITCC  is  a  term  often  aj^lied  to  carbonic  add. 

MERCURY  is  a  metal  distinguished  firom  all  others  by  its  extreme  fusibility, 
which  is  such  that  it  does  not'  take  tiie  solid  state  until  it  is  cooled  to  the  39® 
below  0  in  Fahrenheit's  thermometer,  and  is  therefore  always  fluid  in  the  tem- 
perate dimatrs  of  the  earth.  Fkom  this  circumstance,  and  its  resemblance  to 
•ilver  in  colour  and  metallic  splendour,  it  has  been  usually  denommated  guidb- 
tSher,  The  tenn  mereurg,  althouch  dmost  universally  employed  by  chemical 
authors,  is  strongly  objected  to  by  Mr.  Gray,  the  audior  of  Tht  OptraOM 
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meAU,  but  duneeron*  medirinei,  msn  hu  «Ter  discovered.  Mercur;  will  reBdil/ 
unite  vicli  lulphur.  Melt  sooie  sulphur  in  a  crucible  on  the  fire,  then  add  a 
littie  mercury,  and  itir  the  whole  well  loeether,  and  a  lulphuret  of  njercuiy,  or 
cinnabar,  will  be  formed.  That  beautiM  scarlet  pigmenl  culled  Termilion  (see 
tbe  separate  article)  is  also  prepared  from  mercury  and  sulphur,  and  is  called 
bj  cbemuts  tbe  red  sulphuretted  oxide  of  mercury.  The  property  of  mercury 
diiaolving  a  certain  portion  of  gold  and  Bilver,  enabled  alchymiKU  to  impale 
upon  mankind,  and  make  it  appear  as  if  tbey  had  succeeded,  in  a  small  degree. 
in  discoTering  the  secret  of  turning  metals  into  gold  and  silver.  In  iheir  opera- 
doni  they  employed  mercury  in  wbicb  small  portioni  of  these  metals  hod  been 
dissolved  ;  and  as  the  mercury  was  evaporated  by  great  heat,  and  left  the  eold 
and  silver  behind,  tbe  bye-slundera  were  made  to  believe  that  Ibeie  metals  had 
actually  been  produced  in  operation  by  the  skill  of  the  experimentalist.  Louking- 
glasses  and  mirrors  are  covered  on  the  back  villi  an  amalgam  of  tin,  and  (he 
glosses  are  afterwards  loaded  with  weights,  to  press  out  gTBduatly  the  superfluaiis 
mercury,  which  thus  exudes  from  tbe  amalgam.  Amongst  the  numerous  uses 
of  tills  valuable  metal,  the  application  of  it  in  the  construction  of  barometers 
and  thermomelers  is  not  the  least  importanL     See  those  inveulions. 

METALLURGY,  in  a  general  sense,  comprehends  tbe  art  of  working 
metals  from  the  state  of  ore  to  the  utensil;  audin  this  sense,  assaying,  smelt- 
ing, Tetining,  smithery,  &e.,  are  branches  of  metallurgy.  In  a  more  liiuited 
sense,  however,  it  incltldes  only  the  Bepatalion  of  metals  from  their  ores,  or 
other  combinations.  Few  metals  are  tound  in  a  pure  state ;  gold,  silver,  and 
copper  are  sometimes  exceptiDni ;  the  other  melals  are  generally  found  in  the 
■late  of  ores,  in  which  tliey  are  mixed  and  blended  with  other  substance?,  bo  aa 
not  to  have  tbe  ductility,  luslre,  or  other  qualities  of  metals.  Sometimes  tbe 
ore  is  only  a  pure  oxide,  and  requires  but  tbe  abstraction  of  the  otygeo,  by 
fusion  witn  inflammable  substances.  The  ores  of  melaU  ore  always  separated 
from  the  rocks  on  each  side  by  a  quantity  of  spar,  quartz,  or  sonielimes  soUer 
clay  or  earth,  called  the  matrix  or  rider.  Tbe  lirst  operation  in  metallurgy  is 
to  separate  the  ore  from  the  matrix ;  but  when  the  ore  is  found  in  large  masses, 
most  of  It  can  be  obtained  by  tlie  miner's  implement*  free  from  the  motrices, 
and  those  portions  that  adhere  are  knocked  off  by  hammers.  In  other  cases, 
when  tbe  ore  is  intimately  mixed  with  the  matrix,  it  becomes  necessary  to  resort 
to  diSerent  processes,  such  as  roasting,  pounding,  Olid  washing ;  the  latter 
operation  eSeeting  the  separation  by  the  difference  of  specihc  gravity  of  llie 
nixed  mitten;  the  earthy  parts  being  fioated  away,  leaving  the  metallic  ponion 
behind.     See  the  following  article. 

METALS.  Anumerousclassofundecompounded  bodies,  which  aredistbguish- 
■ble  by  their  lustre,  ductihty,  malleability,  tenacity,  opacity,  &c.  They  are  fusible 
by  heat,  and  in  fusion  retain  their  lustre  and  opacity ;  andllieyareBll,execpt  sele- 
nium, excellent  conductors,  both  of  electricity  and  caloric.  When  they  are  exposed 
to  the  action  of  oxygen,  chlorine,  or  Iodine,  at  on  elevated  temperature,  they 

Senerally  take  lire,  and  cambiniiig  with  one  or  other  of  these  three  elementary 
itsolveots,  iu  definite  proportions,  are  converted  into  earthy  or  saline-looking 
bodies,  devoid  of  melalnc  lustre  and  ductility,  called  oxides,  chlorides,  or  iodides. 
lliey  are  capable  of  combining  in  their  melted  state  witli  each  other,  in  almost 
every  proportion,  constituting  the  important  order  of  metallic  alloys.  From  their 
brilliancy  and  opacity  conjointly,  they  reflect  the  greater  part  of  the  light  which 
falls  on  their  surface,  and  hence  form  excellent  mirrors.  "Tbe  relations  of 
the  metals  to  the  various  objects  of  chemistry,"  Dr.  Ure  observes,  "  are  so 
complex  and  diverailied  as  to  render  their  classification  a  task  of  peculiar  diffi- 
culty. I  have  not  seen  any  arrangement  to  which  important  objectioni  ma^ 
not  be  offered ;  nor  do  1  hope  to  present  one  which  shall  be  exempt  from  criti- 
cism. The  main  purposes  of  a  methodical  dJBiribution  are  to  facilitate  the 
acquirement,  retention,  and  application  of  knowlciige.  With  regard  to  metal* 
in  general,  I  conceive  these  purposes  may  be  to  a  considerable  extent  attained, 
by  beginuing  with  those  which  are  most  eminently  endowed  with  the  charao- 
lers  ol  tbe  genus,  which  most  distinctly  possess  the  properties  that  constitute 
iheit  value  in  common  life,  and  wliich  caused  the  early  inhabitants  of  the  eanh 
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MiatOSCOPES. 

to  gire  ta  the  lint  metallurg^ats  a  place  in  mylhology.  Happy  had  Iheir  idolattf 
berni  always  GODfioed  to  bucIi  real  beDefacton  !  By  arranging  meUJi  according  to 
the  degree  in  which  theypossesa  the  obvioui  qualltiei  ofi]naltGrability,byconinioii 
annti,  tenacity,  and  litstre,  ne  olio  conciliate  their  most  inipartant  cheniicd 
rnatinQS,  namely,  ihoie  la  oxygen,  chlorine,  and  iodine ;  lince  their  metallic 
pre-eminence  is,  popularly  spelling,  inrerscly  at  their  offinitieit  for  theie  dit- 
Bolrenti.  In  a  etnctly  icientific  view,  their  habitudes  witli  oxygen  ahould 
perhaps  be  Icsi  r^arded  in  their  dauiiication  than  with  chlorine,  lor  thi« 
element  boa  the  mo>t  energetic  attraction  for  the  metali.  But,  on  the  other 
hand,  oxj'gen,  which  forma  one-fifth  of  the  atmospheric  vtdume,  and  eight- 
ninthi  of  the  aqueous  mass,  operates  to  a  much  greater  extent  among  metallic 
bodici,  and  inceauntly  modifies  their  form,  both  in  nature  and  art.  Now  the 
order  we  propoae  to  follow  will  indicate  very  nearly  their  rektiona  to  oxygen. 
As  we  progressively  descend,  the  influence  of  that  beautiful  element  progre*- 
'  'ely  increasea.  Among  the  bodies  near  the  head,  ill  powers  are  subjugated 
the  metallic  constitution  ;  but  aniODg  those  near  the  bottom,  it  exercises  an 

loat  despotic  sway,  which  Volla'a  magical  pile,  directed  by  the  genitia  of 
Davy,  con  unly  suspend  for  a  season.  The  emancipated  metal  aoon  relapsea 
under  the  dominion  of  oxjgen."    This  table  is  given  at  page  143. 

The  Hist  12  metals  are  malleable,  and  so  are  the  SDth,  Slat,  and  32d,  in  their 
congealed  state.  The  first  IC  yield  oxides,  which  are  neutral  salifiable  bases. 
The  metala  17.  13,  19,  20,  21,  22,  and  23,  are  acidifiable  by  combination  with 
oxygen.  Of  the  oxides  of  the  real,  un  to  the  30th,  but  little  is  knowtk  Tfas 
remaining  metala,  aodinm,  lithiutn,  calcium,  barium,  strontium,  magDeginm, 
yttrium,  glucmum,  aluminum,  thorinum,  ziiconium,  and  sDicium,  form,  with 
oxygen,  the  cdkaline  and  earthy  baaes. 

Mica,  a  mineral,  which  Professor  Jameson  divides  into  ten  species;  but 
the  term  is  generally  understood  to  imply  talc,  or  Muscovy  glass,  which  ia  one 
of  the  apede*.  Moat  of  the  mica  or  talc  of  commerce  ia  brought  from  Siberia, 
where  it  ia  used  as  a  substitute  for  window-gloss.  In  this  country  it  i>  employed 
for  simHar  purpoies  where  violent  agitation  or  great  heat  would  be  destructive 
of  common  glass.  It  is  also  used  for  enclosing  objecis  for  microscopes,  for 
which  it  ia  ^nirably  adapted ;  eonaiaiing,  aa  It  doei,  of  an  unlimited  series  of 
traosparent  laminte  odhenng  to  each  other,  which  eosQy  acparaic  into  Extremely 
thin  flexible  plates,  by  the  application  of  the  fine  edge  of  a  pen-knife. 

MICEOMETER.  An  mstrumctit  of  wliich  there  are  various  construe- 
tions,Jusua11y  applied  to  telescopes  and  microacopes,  for  the  purpose  of  mea- 
■urine  minute  bodies,  or  small  angles  formed  by  bodies  at  a  remote  distance, 
by  which  their  real  magnitude  ia  obtained.  To  the  modem  introduclioD  of 
this  instrument  for  the  use  of  the  astronomer,  and  to  (he  improvement  of  the 
telescope,  may  be  attributed  our  preaent  accurate  and  extensive  acquaintance  with 
the  imiverse  of  matter ;  while,  from  the  perfection  to  which  the  microscope  has 
been  brought,  an  equal  acquaintance  with  the  organization  of  minute  bodies  may 
be  expected.  By  the  application  of  the  micrometer  to  the  Utter  inalruinenl,  the 
power  of  the  naturaliat  ia  materially  extended;  while  the  micrometer  ia  of  the 
utmost  value  for  trigonometrical  surveys,  and  in  mihtaiy  and  naval  operations. 

MICROSCOPE ,-  from  two  Greek  words,  signifying  iraail,  and  to  oino.  Ad 
i^tical  instrument  for  viewing  small  objecta,  rendering  those  visible  which  can- 
not be  distinguished  by  the  naked  eye,  and  magnifying  thoie  that  can.  The 
forma  of  microscopes  are  very  numerous,  hut  they  may  all  he  included  in  threa 
diatjnct  daises,  namely,  tinglt,  compoumi-refractiiig,  and  compound-rrpecO^ 
microscopes.  A  simple,  or  single  microscope,  ia  that  which  coniisU  of  a  dngle 
lens  or  amgle  spherule.  Most  persona  may  have  ohaerved,  that  when  the  &»• 
tanee  of  au  object  ia  decreased,  we  are  enabled  to  define  its  parts  more  readily, 
and  that  it  appears  larger ;  thus,  if  we  look  at  (wo  men,  the  one  at  200  f«et, 
and  the  other  at  only  100  feet  from  ua,  the  former  will  appear  only  half  the 
height  of  the  latter ;  or  the  angle  which  the  latter  forms  with  the  eye  of  the 
observer  will  be  twice  that  of  the  former.  Hence  the  neaiet  we  con  bring  an 
object  to  the  eye,  the  larger  it  will  appear.  If  we  have  to  examine  a  venr 
minnte  object,  and  in  order  to  render  lU  paiti  distinguishable,  if  we  bring  it 
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ir  to  Aeeye,  (supp««e  one  or  ttra  inchea.)  i(  will  become  wtrj  indiitinct 
Eiiaed.  ThU  effect  ii  produced  by  the  great  divergency  of  th«  ra;«  of 
m  ibe  object,  and  the  power  of  the  cryiUlIine  teni  of  the  eye  not  being 
It  to  collect  the  rays,  whereby  an  image  of  the  object  mBV  be  formed  on 
It  the  proper  diitADce  at  the  back  of  the  eye.  Hut  if  we  employ  k 
Ib  micrascopc,  which  consists  of  a  convex  lens,  usually  made  of  kIbss, 
txfa  it  would  have  tlie  power  of  magnifying  or  increasing  the  angle,  if 
if  any  other  tnuuparent  substance,  hut  in  a  dilTerent  degree,)  mounted  or 
a  fanus,  and  place  it  between  the  object  and  the  eye,  the  foi-mer  being  in 
M  of  die  glasi,  the  dicerging  rays  from  the  object  will  be  refracted  and 
d  parallel  by  the  leni,  and  we  &hall  thus  obtain  a  near  and  distinct  view 
ilriect.  The  quantity  of  light  necessary  to  be  employed  in  using  a  micro- 
dependant  on  the  nature  of  the  object  under  examination,  and  on  Lba 
^ing  power  of  the  lenses  necessary  for  its  developemeot. 
:  annexed  figure  is  a  single 
i»tbe> ■—■ 


cdl  containing  the  lens  c,-  at  d    iere 

U  sttached  an  arm  t ;  this  arm,  oeing 
jointed  at  d,  is  capable  of  lying  flat, 
et  being  altered  to  any  convenient 
poutioD  for  viewing  the  object,  m 
•hown  by  the  dotted  lines ;  on  the 
mind  arm  e  is  a  sliding  cube/,  fixed 
to  another  tube  at  riglit  angles,  which 
carries  the  forceps  h,  movable  in 
every  direction  with  respect  to  the 
lens  c  ;  the  handle  i  is  screwed  to  the 
stem  a  when  in  use.  Thia  is  the 
mo<t  convenient  form  of  a  single 
micToicope. 

A  compound  rrfTactiiig  Microieope 
it  an  initrument  consisting  of  two  or 

an  enlarged  image  of  the  object  is 
formed,  and  then  by  means  of  the 
other,  employed  as  an  eye-glaas,  a 
magnified  representadon  of  the  en- 
Urged  imaee  is  obtained.  The  dis- 
Unee  at  wbich  the  two  lenses  of  a 
compound  microscope  are  placed  from 
each  other  must  always  exceed  the 
nun  of  their  focal  lengthi,  in  order 
that  the  image  may  be  formed  by  the 
object-glass  in  the  exterior  focus  ot 
the  eye-glaia.  The  great  distinction 
between  single  and  compound  micro- 
tcopea  is,  that  in  the  latter  we  only 
view  a  magnified  tmoye  of  the  object, 
while  in  the  former  we  see  the  v^rct 
Ht^.  From  this  it  must  be  evident, 
that  mled  the  image  formtd  by  the  object-glan  be  a 
of  the  object   in  every  pRrticular,  its  imperfections,  I 

iacreased  by  the  eye-glass,  in  the  same  ratio  as  it  magnines  tne  image,  un 
account  of  this  disadvantage,  the  compound  microscope  had  been  entirely  laid 
•side  by  the  most  distinguished  naturalists  and  philosophers  tit  ver^  htelj. 
For  general  purposes  it  is  prefered,  on  account  of^  the  extent  of  field  obtained 
bjit,  which  IS  far  greater  than  that  obtained  by  ordinary  xjngle  glass  lenle*  of 
•qnal  power.  For  these  purposes,  there  is  usually  introduced  a  third,  or  field- 
naa,  by  which  the  extent  of  view  is  itill  further  increased  by  the  layi  baing  bent 
X^  thit  lens,  M  that  a  greater  portion  of  them  may  be  re&aeted  bj  tb  •](•- 


r  small,  will  be 
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glttt.     The  annexed  figure  ii  a  lection  ot  a  compaund  mEcroKOpa;  r  u  iLa 

object  intended  In  be  magnifieili 

which  U  placed  in  the  t'ocua  of  £ 

Ihe  objecl-plaM  a;  by  thb  lena, 

an  enfuiged  and  inverted  imago 

is  fanned  at  ■■.  in  tlie  focui  of    < 

(he  eye-glaw  c  ; /U  a  field-gl«M, 

by  which  the  axlenl  of  the  view  ^ 

it  increiaed  from  [lie  diverging 

dotted  lines  to  I  i,  by  the  rayt  being  bent  by  this  leni.iotbel  agreaterpottioD 

of  them  ia  refracted  by  xhe  eye-glaas  c. 

The  Solar  Mieroacope  coniisis  of  a  common  microacope,  connectnl  to  a 
Tefleelor  and  condeneer,  ihe  former  being  used  lo  throw  llie  bud'h  light  on  the 
latter,  by  which  it  is  condensed  to  illuminate  the  object  placed  in  ici  fociu. 
This  microscope  ia  sometimes  called  the  Camera  Obaeura  Microacope,  but  it 
■till  more  nearly  resembles  the  magic  lantern  in  iti  efl'ect.  Tlie  exhibition  it 
sfibrdi  ia  tnade  In  b  durkened  room,  and  it  can  only  be  uted  when  ihe  sua 
shines.  Tliis  instrument  usually  conaisls  of  one  plane  mirror  and  two  lenaea. 
The  mirror  i a  must  be  without  the  window  ahutler  du;  the  lena  a  b  fixed  in 
the  abutter  ;  and  the  lens  n  within  tlie  room.  The  lens  a  bit  inclosed  in  a braM 
tube,  and  the  other  in  a  smaller  lube,  which  slidea  in  the  former,  for  the  pur- 
pose of  B<yuiting  it  lo  the  proper  diatanco  from  the  object.  The  mirror  can  b« 
so  turned  by  adjuaiing  tcrewi,  that  however  obliquely  the  incident  rnys  £  F  fall 
upon  it,  they  can  be  reflected  into  the  dark  rnom  through  the  illuminating  lena 
n  i  in  the  abutter.  This  lens  collects  those  rays  inlu  a  focua  near  the  object, 
and,  passing  on  through  the  nhjecC  eg,  they  are  met  by  the  magnifier  n;  here  ^« 


tnya  crosa,  and  proceed  divergently  lo  a  vertical  while  screen  prepared  lo  receive 
thetn  :  on  which  screen,  the  image  or  shadow  f  r  of  Ihe  object  will  appear. 
The  magnifying  power  of  ihla  instrument  depends  on  the  distance  of  the  white 
screen,  and  in  general  bears  a  certain  proportion  to  the  distance  of  the  ol^ect 
eg  from  the  magnifier  n ;  that  is,  if  the  acrecn  be  at  ten  times  that  distance 
from  the  lens  n,  the  image  will  he  ten  times  ol  long,  and  ten  limea  as  broad  oa 
the  object.  About  ten  or  twelve  feet  ia  the  best  diEtance;  for,  if  Ainber  ofl^ 
tlie  image,  though  larger,  will  be  obscure  and  ill  defined.  The  apparent  magni- 
tude of  objects  u  meaauted  by  the  angle  under  which  they  are  seen  by  the  eye, 
and  Ihoie  angles  are  reciprocally  as  the  distances  from  the  eye.  If  eight  inches 
be  assumed  as  the  nearest  limit  of  a  distinct  viaion  lo  the  naked  eye,  and  by 
JDlerpoting  a  lens,  ve  can  see  with  equal  dislinctaeas  at  a  nearer  distance,  the 
object  will  appear  to  be  aa  much  larger  through  Ihe  lens  than  to  the  naked  eye, 
aa  its  distance  from  the  eye  is  less  than  the  distance  of  unassisted  vision.  If 
the  focal  ditlance  of  a  convex  lens  be  one  quarter  of  an  inch,  or  the  thirty- 
second  part  of  the  common  limit  of  vision,  or  eight  inches,  the  lineal  dimen- 
■ions  of  an  object  examined  with  it  will  be  magniHed  thirty-two  tlmei,  and  it* 
nirfacc  1024  Umes,  or  the  square  of  32. 

He  eimpleat  microacope  which  con  be  employed  to  any  useful  purpose,  \» 
that  which  ia  made  with  a  drop  of  water,  suspended  in  a  very  small  hole  in  a 
thin  slip  of  braas,  or  any  similar  material.     A  spherule  of  water,  howerer,  uf 
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Milk,  uconiiitg  tu  lUe  uialytii  of  Berxeliiu,  coiuuti  of— 

Water 928.7S 

Curd,  with  a.  Uule  cremm 28.00 

Sugar  of  milk 35.OO 

Muriate  of  potaih 1,70 

Phoapbate  of  potaih 0.35 

Laclii:   Bcid,   Hcctale   of  potash   with  a  trace   d' 

lactate  of  iron g.oo 

Earthy  phosphates .30 

1 000.00 

The  Mine  chemiit  found  creBin  of  «pec.  grav.  1.0244  by  aoalysi*  to  co 
buttra  4,5,  cheeic  3.5.  whey  92. 

MILLS  are  machines  for  tritun 
reduced  or  pulverized  by  their  action.  Those  employed  ft 
Sour,  by  rubbing  it  between  two  hard  surfaces,  ni 

tpeoiea  of  milla  were  of  a  very  rude  and  simple  construe  lion,  consiiling  of  two  But 
■tones,  one  placed  on  the  other,  and  the  uppermost  turned  by  hand,  resembling 
he  figures  shown  in  the  following  engiaving,  which  represents  a  hand-mill  in 


ig  all  kinds  of  lubstances  capable  of  being 
Those  employed  for  convertiue  grain  into 


The 


mill  a,  bul  It 


B  central  pivot.  Muls  of  this  descripiio 
^it  the  Egyptians,  Hebrews,  Romans,  and  other  nations  of  antiquity, 
and  continued  in  use  in  the  Highlands  of  Scotland  unlil  a  very  recent  dale ; 
ncMe  is  indeed  the  same  aa  that  of  our  most  modern  and  improved 
■■'  ■'  is  only  adapted  for  grinding  small  quantities  of  grain  at  a  time.. 
unaer  ine  bead  Hand-mills  we  have  described  two  mills,  which  wen 
desiKned  to  illustrate  a  mode  of  applying  manual  power  to  such  machines,  that 
has  been  deemed  by  various  eminent  writers  on  mechanics  as  the  most  e^cient; 
namely,  that  of  nwino.  But  however  energetic  that  action  may  be,  it  doel  not 
appear  to  have  itood  the  teat  of  experience ;  probably  on  accouut  of  it  not 
Iwmg  ID  convenient  at  all  times  as  that  of  the  winch,  which  is,  hciidca,  much 
more  compact,  and  requires  for  its  use  no  previous  initiation.  The  ordinary 
'kind  of  small  hand-mills  resemble  closely  (boss  metallic  coflee-grinders  wbicn 
almost  every  person  has  in  his  possession,  or  may  see  in  constant  requisition  in 
the  ghops  of  grocen.    A  f'w  words  will  describe  the  whole  of  this  class. — Thlqf 


MILLS.  iw 

consial  of  one  cenCrtl  lalid  Ihistrum  of  a  cone,  the  outer  ciMnlw  mriM  if 
wWch  u  cut  spirally  into  fuirrws,  to  aa  lo  preienl  M  the  upper  «dga  of  Ac 
Utlcr  B  continuout  Mries  of  angular  teeth.  On  ibe  outside  of  the  Utter  ii  find 
coDcentrically  a  boUov  frUBtrum  of  another  cone,  limilariy  cut  into  groom,  ^ad 
■o  proportianed  lo  the  former,  that  al  one  extremity  the  oppoied  gioovM  almM 
touch  each  other,  and  al  the  other  they  are  to  far  apart  ai  to  admit  the  arti^f 
lo  be  ground,  whole.  These  concentric  conical  grinden  are  filled  up  in  »  vaiictjr 
of  ways.  In  the  lillle  bos-milk  the  aiei  of  the  conce  are  u&uallj  Tf^'  -■  •  - 
in  the  fixed,  or  poM-milU,  the  cones  ace  boriiontal ,  in  both,  they  are  i 
with  hoppers  to  convey  the  materials  lo  the  griiidlnf;  surfaces,  and  the  pi  .  . ._ 
of  the  Iriluralion  are  received  iiilo  eitlitr  fi\td  or  luu'.c  rccf[.Mdei  beneitth.  9f 
the  roTolution  of  the  inner  cone,  the  mbttancee  are  flnt  broken  in  the  widert 
part  of  the  aunultr  crevice,  and  being  thni  reduced  in  aiie,  they  gndttaUy  link, 
or  are  forced  into  narrower  and  nairower  meet,  nati]  tliey  emerge  from  the 
Krinden  in  a  atale  more  or  leu  cranminated,  according  la  the  adjuited  apaq* 
between  the  gtinden,  which  ii  titoally  pciferined  bj  *  acrcw  puong  thrDogh  k 
traTcne  bar,  with  ita  end  bearing  againat  one  end  of  the  revolnng  grinder,  •« 
•a  lo  limit  the  extent  of  ita  aeparalioD  €a  diitanee  from  the  fixed  grinder.  MiUa 
conatructed  upon  the  aame  prindpl*  are  aliiMat  unirciwllj  appfied  to  •  great 
variety  of  mend  pnipotea ;  ud  Ibe  manu&ctnr*  of  them  if  <me  of  conodndik 
extent  in  Birminghani  and  other  places.  But  bowerec  TiltiaUe  tbeir  applic*- 
tiMi  generally,  they  are  hot  ill  ad^ited  to  the  grinding  of  corn  adTantueonaly, 
becanae  the  perfeetkin  of  that  art  coniiita  in  an  exact  aepaiation  of  the  ntuk,  er 
bran  and  poDard,  frxnn  the  pure  floor ;  and  the  opnalioD  cannot  be  mcccM- 
fidlj  perfonned  if  ibe  com  be  much  ctit  to  piece*,  which  miDa  of  the  kind  jnit 
deecnW  almoat  invariably  do  when  they  are  in  order,  or  iharp;  and  when  th^ 
are  dull  from  wear,  the  miUa  soon  doe,  if  let  cla«e,^4)r  if  let  open,  a  very 
waitelid  quanti^  of  flour  it  left  upon  Uie  bran  or  other  offiU.  Tbeie  defect* 
ariw,  in  our  opinion,  from  an  erroneoui  mode  of  eonitruction.  Corr  -"^  ~-i- 
generaJly  ate  extremely  eolid  compact,  bodiet,  and  when  reduced  ti 


n  our  opinion,  from  an  erroneoui  mode  of  eonitruction.  Com  and  erain 
]|y  ate  extremely  eolid  compact,  bodiet,  and  when  reduced  to  powder  or 
meal,  they  occupy  a  much  larger  apace  than  previoualy ;  coniequently,  a*  the 
grinding  progreaaei,  the  apace*  ^  the  reception  of  the  comminuted  matter  ihonld 
be  proportioDally  miaryed;  but  it  will  be  observed,  that  the  annular  erevicet 
between  the  concentric  conei,  where  the  grinding  takn  place,  are  rapidly  am- 
traettd  into  a  very  acute  angle.  Here  ue  dogging  neceMarily  occura;  and 
imlen  the  grinden  bo  let  contiderahly  wider  apart,  lo  ai  to  let  the  meal  pea* 
out  in  an  extremely  coane  itote,  the  meal,  1^  the  continued  attrition  (or 
kneading  aa  it  were)  becomee  converted  intoauaty,  blackened  maaa.  From  a 
aeriea  of  experimenti  made  with  conei  of  vanoui  inclinationa  by  the  writer, 
evidence,  coodurif  e  to  his  mind,  waa  afforded  of  thia  fact,  that,  in  proportion 
aa  the  concentric  conee  were  reduced  in  their  height,  (Ud  the  flour  improve; 
and,  finally,  when  he  brought  the  iurfacea  down  to  a  perfect  jCof,  the  product* 
of  Uie  grinding  were,  in  the  languue  of  the  miller,  more  Viv^,  and  of  a  httttr 
colour,  than  in  any  previous  expermienta.  From  the  aingularly  beautiful  and 
ingenioui  device  of  concentric  conical  grinden,  and  their  compactness,  it  i» 
almost  lo  be  lamented  that  they  do  not  succeed  better  with  wheat.  There  ia, 
however,  another  defect  attached  to  these  mills,  which  we  ought  not  to  forbear 
noticing  ;  this  consists  in  the  spiral  grooves  forming  a  series  of  continuou* 
cutting  edges,  which  dip  the  grain  to  pieces,  and  cause  much  of  the  huik  to  bo 
ground  fine,  and  he  inextricaUy  mixed  with  the  flour;  whereas,  the  action  ought 
to  be  that  <^  aimple  crushine,  m  the  first  part  of  the  operation,  which  flBllens 
the  btisk,  and  permils  the  floor  to  be  afterwards  rubbed  and  scraped  from  its 
nrface,  without  incurring  much  subsequent  minute  nibdivision  to  the  detriment 
of  the  flour. 

A  very  dmnt  and  compact  corn-null  was  constructed  in  France,  and  wai 
adopted  by  Buonaparte  for  the  uses  of  his  v*«t  army  when  he  invaded  Russia 
in  1812.  Hence  it  was  called  the  French  military  mill,  and  it  waa  introduced 
aobaequently  into  thii  conutty  on  account^of  ila  portability  and  convenience. 
It  CMttitted  of  two  circvlar  caat-iron  platea,  about  1 2  inehea  in  diameter,  placed 
m  a  vortical  poaition,  ma  of  wluch  wai  fixed,  and  the  other  rotatiTe,  upon  a 


horiioatal  aiti,  turned  by  a  winch.  Tlie  plntei  were  indented  all  over  with 
radiating  eroore* ;  the  com  wm  conducted  la  the  centre,  or  eye,  by  meuu  of 
a  lateral  boppcr,  and  the  meal,  as  it  vas  ground,  wai  projected  from  anmnd 
the  periphery  by  the  centrifugal  force  of  the  revolving  pfatc. 

In  1824,  Messrs.  Taylor  and  Jones  toot  out  a  patent  for  some  improved 
append*^!  or  adjustmenU  to  this  mill ;  but  there  ia  reason  lo  believe  tbst  the 
nndertakine  fuled  &om  an  inherent  defect  in  the  conairuciion  of  the  original. 
The  nrlicM  poution  of  the  platca  is  unqueationably  disadvantageous,  ai  the 
cdect  of  gravity  ii  always  counteracting  the  centrifugal  action,  aud  neceHsrily 
CMuei  a  larger  portion  of  the  meal  to  deacend  from  underneath  than  from  the 
■idei  or  the  top;  and  thia  tendency,  we  suspect,  must  have  rendered  it  expe- 
dient to  work  very  close,  to  prevent  the  meal  dropping  out  in  a  coane  itate  : 
and  from  the  greater  reaiitance  of  the  meal  on  the  lower  side  thun  on  the  upper, 
the  plates  were  liuhle  to  ipring  or  separatf  more  underneath  ;  or  if  unyielding, 
by  reason  of  their  solidity  and  perlecl  centering,  a  deterioration  of  the  meal 
seems  to  be  the  necessary  resulL 

Many  attempts  have  been  made  to  grind  wheat  by  stones  running  vertically, 
both  here  and  in  America,  but  a  litue  experience  in  their  working  hai  gene- 
rally led  to  their  abandonment,  A  variety  of  machines  have,  likewise,  been 
constructed  for  domestic  use,  wherein  the  dressing- machine,  or  boiler,  has  been 
annexed  to  the  mill,  so  that  the  two  procesaes  shall  be  conducted  consecutively 
vrithin  the  lame  framing.  Such  mBchines,  therefore,  represent  the  apparatus 
of  the  great  public  inillj  in  miniature  ;  but  tbey  confer  no  advantages,  because 
they  are  equally  complex,  and  are  put  together  m  an  inferior  manner.  Viewing 
(he  subject  in  this  light,  the  writer,  a  few  months  ago,  directed  hU  thoughts  lo 
the  simplification  of  the  millering  apparatus ;  and  he  bo  far  succeeded,  as  lo  per- 
itinuous  surface,  which  appears  lo  be 
9  the  principle   is  c  .      .~ 


following  a 


cemed.     Tha 
it  of  this  machine  h  extracted  &om  the  Mcdiania'  Magezine, 


i  perspective  on  tiie  following  page, 
perusal  of  the  inventor's  specification,  it  appears  to  ua  I  ' 
■truct  flour-niiUs  of  the  utmost  aimplicily  aliil  durability 


befa» 


>l  only  I  he 

, _j  ^ _ t,  however,  lo  be  understood 

that  these  combined  operaliono  ore  efFi-clcd  by  the  mere  armexalion  of  a  dress- 
ing-machine to  a  mill,  and  diiung  ibem  both  together;  for  in  such  an  arrange- 
ment there  would  be  neither  nomty  nor  economy.  Uul  the  combined  operatiuni 
of  finding  and  dressing  are  in  tbis  new  patent  mechanism  lo  simplified,  and 
■o  mtimate,  that  Ihey  are  continuously  gomg  on,  ujjoa  one  eonlimiout  tarface. 
The  essential  members  of  the  macliine  are  thereby  reduced  lo  only  ttco!  one 
•lationarjr,  the  other  rotative.  This  remarkable  !>iniplicity  conduces  to  many 
advantages,  which  our  mechanical  readers  will  at  once  appreciate,  without  our 
entering  upon  tlie  detoDs.  The  inventor  has  shown  in  his  specification,  and 
has  actually  put  into  beneficial  practice,  several  modificalious  of  the  prin- 
cipie  10  OS  lo  adapt  the  scale  of  their  operations  to  any  required  magnitude. 
We  have  selected  for  the  present  article  what  the  patentee  denominates  his 
patent  domatie  flour-mukcr,  which  is  adapted  to  the  nianuot  force  of  one  man ; 
Init  the  power  requisite  to  work  this  may  be  diminished  or  increased  at  iba 
pleasure  of  the  operator,  by  a  corresponding  reduction  or  augmentation  of  iha 
/ttd,  at  quanlily  of  com  permitted  to  pass  under  the  operation  of  the  grindera 
in  a  given  time.  In  a  subsequent  number  wejjurpose  inserting  a  description 
of  one  of  the  same  kind  of  machines,  which  is  m  use  at  the  workhouse  of  All 
Saints,  near  Hertford,  where  it  is  worked  by  any  number  of  men,  from  two  lo 
ten,  (by  a  suitable  alteration  of  the  feed,)  and  is  capable  of  properly  grinding 
and  dreasing  as  much  corn  in  a  given  time  aa  other  mills  will  grmd  only ;  the 
esumaled  power  lequired  to  work  it  efficiently  being  that  of  one  horse,  wbethar 
worked  by  that  animal,  or  by  wind,  water,  or  steam. 

"  We  shall  now  proceed  to  describe  the  'hand-mill,  with  leferenca  to  tlta 
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vbile  the  bran  and  pollard,  which  cannot  pan  the  wire-eauze,  Are  coDlinually 
being  freed  fii>m  their  odheiing  flour  by  the  action  of  the  bnube),  milil  they  an 
driven  through  an  aperture  at  the  outer  circumference  of  the  wire-gouze,  on  ti 
an  inclined  screen  of  coane  wire-work,  where  the  oflkl  aeiuiratea  itielf,  in  the 
mere  act  of  falling,  into  pollard  and  bran,  both  of  wlilch  deposit  themielTCt 
intr  separate  compartinenti  made  in  the  drawer  n.  Al  Hs  a  icrew  for  regu- 
lating the  admiuioD  of  the  com ;  and  at  o  ia  a  lever  over  an  engraved 
plate,  which  directs  the  operator  which  way  to  move  it,  according  as  he 
may  desire  to  regulate  the  grinding,  whether  coarser  or  liner  tliun  it  was  pre- 
viously aet.      Tiieac   adjusimctita   are  obvious  Ui  the  sight,   and  uncinng  in 

"  Amongst  the  advanlagea  which  this  machine  preienta  to  tlie  economist  may 
be  listed  its  convenience,  portability,  and  perfect  cleanliness,  and  there  beln^ 
no  duat  or  waste  of  any  kind.  It  U  particularly  adapted  for  the  use  of  domestic 
families,  vrho  are  desirous,  not  merely  to  make  their  own  bread,  but  to  be  sure 
that  tlie  fiour  which  they  uae  ia  a  genuine  product  of  good  wheat.  Aa  reipect*  its 
utility  to  emigrants  and  distant  settlers,  we  have  reason  to  believe  that  its 
merits  have  already  been  very  Botiafaciorily  leiied  ;  the  durability  of  the  grind- 
ing surfaces  being  such  aa  to  render  a  renewal  of  them  apparently  unnecessary 
for  a  series  of  years.     A  roill  of  this  kind  may  be  seen  at  No.  20,  Pater- 

Since  the  foregoing  account  appeared  in  the  Kfechanic's  Magazine,  sever  nl 
valuable  improvementa  have  been  made  in  the  maehiiie.  The  wire  gaute 
through  which  the  metal  is  lifted,  ia  now  rendered  capable  of  being  easily  with- 
drawn, so  aa  to  convert  the  machine  into  a  simple  mill,  the  whole  or  gross 
produce  being  at  once  deposited  in  the  large  drawer:  its  utility  ia  tlius  much 
extended,  as  there  are  many  substances  that  do  not  require  silling. 

Owing  to  a  miatake  made  by  the  draftsman,  the  pedestal  of  the  mill  in  the 
foregoing  cut  ia  repreaented  aa  diaproportionally  amalL  With  reference  to  the 
larger  class  of  machines  conatructed  on  the  same  principle,  and  alluded  to  in 
the  foregoing  extract,  as  being  in  operation  at  Hertfurd,  we  may  bo  permilted 
to  observe,  that  one  of  the  prominent  disadvantogea  of  the  working  of  mills 
and  dreuing~machinea  of  the  ordinaiy  construction  in  a  workhouse,  ia  the 
necessin  of  employing  a  void  servant  to  superintend  and  direct  their  operations : 
to  which  may  be  added  the  frequent  atoppages  in  the  work,  for  taking  up  the 
itonea  to  recut,  or  dresa  their  auifacea  anew,  a  proceaa  which  requires  great 
millering  skill  and  practical  experience  to  execute  in  on  efficient  manner;  and 
however  ably  it  may  be  performed,  it  unavoidably  entails  a  great  waste  of  time, 
much  labour,  and  wear  and  tear  of  tools  and  machinery.  But  the  extraor- 
dinary simplicity  of  this  patent  machine,  (which  ia  now  being  introduced 
into  several  of  the  workhousea  conducted  under  the  new  ayalem  of  poor  laws,) 
renders  the  management  of  it  so  easy  and  obvious,  that  the  master  of  the  work- 
house can,  without  any  difficulty  or  inconvenience,  superintend  its  operation,  or 
depute  any  unskilled  lahaiver,  in  whom  be  can  confide,  to  occasionally  look 
to  ita  performance ;  aa  the  machine  requires  no  active  duty,  but  continue! 
to  perform,  uniformly  for  months  together,  all  its  operaliona  of  grinding, 
dressing,  and  aeparating  its  various  produets  of  flour,  pouard,  bran,  Sec.  without 
any  interference,  but  that  of  keeping  it  clean  and  properly  oiled. 

The  mechanical  arrangements  of  this  new  machine  equally  adapt  it  to  the 
production  of  every  quality  of  flour  and  meal  that  may  be  required ;  to  griud 
and  dress  finer  or  coarser,  at  the  pleasure  of  tlie  operator;  to  grind,  break,  or 
crush  only,  without  dressing ;  to  dreaa  only,  without  grinding ;  and  may  be 
equally  well  worked  by  any  number  of  men  or  boya,  from  only  one  up  to 
twenty,  the  quaUty  of  the  products  being  the  aame,  and  the  difference  only 
in  the  quantity.  A  machine  of  thie  kind  has  now  been  in  active  operation 
for  several  months,  at  All  Saints'  Workhouae,  of  the  Hertford  Union,  the  giiar- 
dians  of  which,  as  well  aa  the  master,  Mr.  Booth,  have  testified  to  the  facts  just 
■"'itloned.     The  framing  of  this  machine  is  made  partly  of  oak,  but  all  those 


(ince  constructed  are  entirely  of  raetol,  and  combine  other  improvementa,  which 
add  to  their  practical  convcnieDce  ;  one  of  which  may  be  seen  in  operation  at 
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t  hai  not  l)p?n  lliaugtit  rrquiBitc  to  ihov  the  hopper  and  other 
leodngei,  u  vitli  ^eie  every  country  mechanic  i«  «d1  acqiuunled. 
le  diameter  of  the  circle  in  which  the  horee  Irareli  the  betKr   but 


It  ibogld  on  no  account  be  ten  than  18  feet ;  th«  proportioD  oT  the  large  nd 
mail  druina  must  be  related  by  the  liie  ot  the  iloiies  and  the  diameter  of 
the  horse-track ;  and  il  would  in  man  cases  be  found  best  to  pWe  the  hopper 
and  ilones  under  cover,  ai  in  the  corner  of  a  bam,  and  the  lutgf  gin  oulside, 
by  which  means  s  large  hoise-lraclc  miglit  be  formed,  and  the  mill  might  like- 
wiie  be  driven  in  wet  weather.  In  tlie  mill  previously  noticed  at  Dt.  Allen's, 
the  U9ub1  necessity  of  a  horie-wheel  is  entirely  obviated. 

The  largest  docription  of  coni-niills  in  the  present  dny  are  driven  either  by 
water,  wind,  or  steam.  Watennillt  were  in  use  amongst  the  Romans,  who 
Mlablisbed  several  of  them  in  ihii  island  ;  the  mill-courte  of  one  of  lliese  was 
discovered  some  years  back  near  Manchester.  Windmills,  we  believe,  were 
likewise  known  to  them ;  but  the  application  of  steam  to  this  purpose  is  of  very 
recent  date,  the  flnt  steam-niilU  esiBbliihed  in  this  or  an^-  other  country  being 
those  erroted  by  Bolton  and  Watt,  near  Blackfriars'  Bridge,  and  named  the 
Albion  MiUi.  Whatever  be  the  nature  of  the  driving  power,  the  grinding 
•pporatiu  is  nearty  ahke  in  sll  their  mills ;  and  as  both  windmills  and  watei^ 
mills  are  employed  for  valious  purposes  besides  that  of  grinding  corn,  we  pnniose, 
nnder  the  head  Watehuill  and  Winduill,  to  notice  the  methods  of  applying 
the  power  derived  from  these  sources,  and  shall,  in  this  place,  give  a  descriptiou 
o(  a  mill  of  modem  construction,  as  driven  bv  steam :  we  should,  however, 
observe,  (hat  under  the  head  Baeiee's  Mill,  the  reader  will  find  a  water  corn- 
mill  of  a  simple  descripdon. 

We  shall  preface  our  description  of  the  mill  by  a  short  account  of  the  forra 
and  the  manner  of  facing  the  millstones.  In  order  to  cut  or  grind  the  com, 
both  the  upper  and  under  millstones  have  channels  or  furrows  cut  in  them, 
proeeeding  obliquely  from  the  centre  to  the  circumference,  as  shonn  in  the 
figure  on  p.  155.  The  furrows  are  cut  perpendicularly  on  one  side,  and  ob- 
liquely on  the  other,  into  the  Hone,  whiuh  gives  to  each  furrow  an  inclineil 
plane,  up  which  the  com  is  forced  by  the  revolution  of  the  upper  stone,  which 
crushes  il  and  bruises  it  so  as  to  make  it  grind  easier  when  il  falls  upon 
the  spaces  between  the  furrows.  These  are  cut  the  same  way  in  both  stones, 
where  they  lie  on  their  backs  (as  above  represented),  which  makes  them  run 
crosswaya  to  each  otiier,  when  the  upper  stone  □  is  inverted,  and  its  furrowed 
nde  applied  to  the  furrowed  aide  of  b.  When  the  furrows  become  blunt  and 
shallow  by  wearing,  the  running-stone  must  be  taken  up,  and  both  stones  new 
dressed  with  a  chisel ;  and  every  lime  that  the  stone  is  taken  up,  a  small 
portion  of  tallow  should  be  applied  to  the  bush  of  the  spindle. 
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the  lievea^Iaeeil  ovrr  tlie  hoppers,  for  preventinf;  atone*  and  other  extraneamid 

atan«<  entering  the  hopper;  ji'are  theuppermillstDnes;  ititlhelowermillitoiM 

II  ill*)  hnppen,  tVum  which  the  corn  descends  into  a  swinging  kiod  of  hnpner, 
eoUpd  the  nlioe,  which  U  continually  shaken  by  a  short  bar  of  iron  icreired  into 
the  upper  end  of  ihe  Bjiindle,  and  liaving  four  prong*,  which,  >triking  the  ihoe 
from  aide  to  side,  dialiibules  the  corn  equally  over  the  ej-e  of  the  milt  atone. 


The  spindles  of  the  mill-stone  are  aupported  on  the  iron  levers  m  m,  which 
can  be  raised  or  lowered  to  adjust  the  itonea,  by  means  of  regulating  acmra 
at  n  n;  do  are  ecren-s  to  raise  tlie  piniona  e«,  and  cut  them  out  of  geer.  The 
under,  or  bed  atones,  are  partly  sunk  into  circular  holes  in  the  ptatfonn,  and 
firmly  wedged  therein,  and  a  circular  case  incloaea  each  pair  of  stunea,  leaving 
a  space  of  about  two  inchea  all  round  thcni;  and  the  com,  reduced  to  the 
state  of  meal,  is  thrown,  hy  the  cenlnliigal  force  of  the  stones,  out  in  all  direo^ 
lioDB  into  [lie  case,  from  whence  it  is  conveyed  to  the  bolting  machine,  which  ^ 
driven  by  a  band  from  the  drum-wheel  (,  The  boiling  machine  ta  not  shown,  ■ 
the  reader  will  Gnd  a  description  of  an  improved  one  under  the  word  Bolti 

In  grinding  wheat,  it  is  usually  the  endeavour  of  millers  to  separate 
flour  Jrom  the  husk  without  pressing  it  so  hard  as  to  kill  it,  and  witho 
riorating  its  colour  by  making  minute  grt^i.  This  they  have  not  been 
to  eflecl  in  a  desirable  mannerwith  the  mills  constructed  on  the  usual  ph 
by  any  form  of  construction  that  has  liilhetto  appeared.  The 
oovious ; — if  the  stones  be  brought  lo  close  together  as  is  necessary  It 
the  firmly  adhering  portions  of  the  flour  from  the  husk,  the  whole  ofil 
ID  a  great  degree,  iUled  and  discoloured  by  the  violent  rubbing  neci 
clean  Uie  bran ;  on  the  other  hand,  if  the  stones  are  kept  further  apart. 
grmd  high,  much  of  the  flour  will  be  left  in  the  offali  and  bran. 
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over  a  greater  extent  of  nirroce  tlian  is  necesaaiy,  Ihiu  iinuring  it  by  n 
fiuoiu  rubbing,  bealdei  miieniploying  the  motive  power  lor  (he  purpose],  Aie 
pragreuire  mill  is  provided  with  two  pair  of  Monei,  of  smiiller  diameter ;  and 
underneath  tbe  tint  pair  (sbowu  b  the  li^re,  as  in  ths  case  at  a)  ii  luspended 
and  agitated  a  circular  iieve  b,  nhicb  receives  the  product  as  it  falls  freely  from 
the  stones,  and  separating  that  ^rtion  of  tbe  flour  which  is  sufiiuienlJj  reduced, 
ur  lofioKd,  it  delivers  the  unfinished  portion  into  the  eye  of  the  second  pair  of 
■tones  underneath,  shown  at  c  c,  with  their  case  removed,  as  well  as  one  of  (he 
external  shutters,  which  inclose  the  whole  machine  when  at  worL  This  second 
pair  are  set  closer  together  than  the  first,  to  complete  the  softening  of  llie 
remainder  of  tbe  meal,  which,  in  consequence  of  the  hulk  of  the  flour  being 
separated  from  it,  will  be  much  more  easdy  operated  upon,  and,  at  Ihe  lune 
time,  effect  a  saving  of  power.  Underneath  this  pair  of  stones  is  placed  at  J, 
iucloied  in  iu  cue,  a  dressing-machine,  with  brushes,  which  receives  the  meij 
from  the  stones  as  it  is  ground,  and  separates  tbe  remuning  flour,  as  well  ai 
difierent  qualities  of  offals.  When  sever^  progressiFe  mills  are  employed,  the  m 
resulting  from  the  second  pair  of  stones  in  each  mill  may  he  advantageo 
conducted  into  one  dressbg- machine,  common  to  them  all.  In  consequeot 
this  division  of  the  gnnding  operation  ioto  two  alagei,  and  tlie  small  size  of  tha 
■tones  employed,  tbe  meal  ii  not  heated.  This,  together  with  tbe  importnnt 
circumstances  of  the  bulk  «f  the  flour  being  separated  from  it,  in  the  first 
instance,  without  brushing,  renders  the  remainder  fit  for  dressing  up  as  fast  as  it 
is  ground.  By  this  arrangement,  therefore,  it  will  be  readily  perceived,  that 
the  original  colour  and  strength  of  the  flour  is  preserved  ;  that  oil  the  flour  is 
separated  from  the  bran  without  any  injury  to  the  bulk  of  it ;  and  that  (be 
whole  process  of  griuding,  dressing,  and  clearing  up  the  offiJi,  is  one  con- 
tinuous operation,  performed  in  one  compact  maclune,  without  waste,  and  with 
little  manual  labour. 

The  progressive  mill  is  mode  principally  of  iron,  and  so  arranged  and  put 
together,  that,  while  the  nicest  accuracy  in  its  adjustments,  and  certainty  in  its 
opcra^oDi^  are  insured,  the  stones  may  be  taken  up  to  be  dressed,  and  put  duwu 
again  with  the  utmost  facility  and  ease.  Its  ports  are  readily  taken  to  [* 
BO  aa  to  raake  it  easy  of  conveyance ;  and  in  consequence  of  aU  of  them  c< 
together  with  metallic  faces,  it  can  be  properly  re-connected  by  the  comn 
workman  ;  and  from  its  compactness  and  portability,  it  is  pcculiailv  adaptM 
for  exportation,  as  the  entire  mill  can  be  packed  in  s  strong  case,  and  the  ti  ~~ 
weight  of  it  is  very  little  more  than  the  stones  alone  of  a  common  i 
the  same  work. 

MINE  AND  MINING,  Mine  is  a  term  applied  to  works  carried  on  unda 
gro'md.  for  obtaining  minerals  generally,  but  chiefly  for  metallic  on 
internal  parts  of  the  earth,  as  far  as  they  have  been  investigated,  ci 
various  strata  or  beds  of  substances,  extremely  diflerenl  in  their  appearance%ifl 
specific  gravities,  and  chemical  qnalilies,  from  one  another.  Neither  arc  tliew 
strata  aimtlnrto  one  another  in  different  countries;  and  in  one  district,  theslralB 
vanes  considerably  in  its  nature,  at  very  short  distances  apart  Rocks  of  mo 
kinds  are  traversed  in  every  direction  by  cracks  or  fissures,  having,  in  man 
instances,  the  appearance  of  those  forini>d  in  clay  and  mud  while  gradualT 
becoming  di;  in  hot  weather.  These  fissures  arc  in  general  filled  with  si 
stances  tormed  of  materials  differing  from  the  rocks  In  which  they  are  situat 
When  tliey  contain  minerals  partly  composed  of  any  kind  of  metal,  they  oi 
colled  metallic  Keinl,  ladti,  or  courtei.  Metallic  veiiu  ore  only  found  In  * ' 
are  called  the  primitive  rocks,  as  ^anile  and  alale ;  and,  in  general,  t 
is  from  east  to  west.  A  vein  rarely  consists  of  metal  in  a  pure 
lie  state,  but  is  almost  always  found  in  chemical  combination  with  olh 

ibstonces ;  in  this  Rtate  it  is  called  an  ore,  the  metal  of  which  is  separated  ^ 

called  imrllmg,  which  u,  iu  fact,  a  melldng-out  of  the  metal  fro 

IS,  Dsiially  effected  by  the  addition  of  such  foreign  subsianci 

will,  by  their  chemical  aflinilies,  assist  in  the  separation  of  the  metal. 

thickness,  extent,  and  direction  of  a  vein  of  metal,  depends  on  many  cir 

general,  its  course  downwards  is  in  a  slanting  direction,  mo 
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Im>  incliueJ ;  if  Jl  continues  id  a  Mruight  line,  and  of  a  unirorm  ihickncu,  ft 
u  calUd  a  rate  ;  if  it  nccuionally  snelli  out  in  plocea,  4nd  ngnin  contra 
ii  termed  a  pipe-vfin,  and  the  wider  parta  uf  the  rein  are  called  floora  ; 
timet  the  vein  divide*  ilaclf  into  braiicliei,  and  then  it  is  said  to  late  hatit ;  u 
other  catei  a  cron  grain  will  inlerfeie  with  it,  and  heave  or  lift  it,  as  it  were, 
from  10  to  20  feet  out  of  it*  couiw.  At  times  it  vill  be  reduced  to  a  mere 
thrrad,  and  at  lait  become  completely  obliterated,  appearing  agma  at  a  dis- 
tance. Id  many  of  liiese  ciuei  the  dilHcutty  of  tracinjr  tliese  precious  depouia 
through  their  locky  labyiintha  mmt  be  erident.  In  dl  pTObabQitj,  bowever, 
the  mctali  vere  at  first  procured  from  detached  ftagments  of  the  ore*,  auch  u 
had  been  separated  from  lite  iip|wr  parta  uf  the  veini  in  nrhich  tliey  were  origi- 
nally depoaited;  and  lu  thb  manner  is  gold  yet  procured,  by  washing  the  saiida 
of  certain  rivers.  'I'he  pursuit  of  ihcie  icatterMl  pieces  of  ore  would  naturally 
conduct  the  peraona  thus  employed  to  the  beds  from  which  they  had  been 
detarlied,  and  in  turning  over  the  soil  to  procure  the  looie  (raiments,  the  backs 
of  the  *eina  would  he  laid  open  and  djacorered. 

The  tin  of  Cornwolt  was  the  hrsl  metot  sonehl  after  in  Britain  of  which  «• 
haTe  ui  historical  account;  hut  the  traces  of  the  moat  aacieul  tin-works  exhibit 
no  symptoms  of  their  having  been  pursued  but  in  situations  where  the  soil  with 
which  it  waa  mixed  could  be  easily  removed,  or  where  the  ore  could  be  laid 
ban  by  conducting  over  it  atreams  of  water  to  cany  off  the  lighter  parta  of  tlie 
toil.  Lead  it  often  found  near  the  surface  of  the  earth,  and  us  the  ores  gene- 
ndly  exhibit  a  metallic  appearance,  that  metal  was  probably  ui  early  object  of 
pnisntt  i  but  it  was  not  until  machines  were  invented  to  pump  away  the  waters, 
and  until  gunpowder  had  fumialied  (he  meant  of  splitting  the  hardest  rocka, 
enabled  to  penetrate  strata  of  every  deicripllou  that  opposed  hii 
^  lese  invcnliDiiA,  tlietefure,  farm  most  important  epochs  in  the  his- 

tory of  mining.  The  hammer  and  wedgei  were  probably  (he  first  instrumenia 
employed  for  splitting  rock*,  and  the  pick  followed,  which  is  used  both  aa  a 
lumnier  and  a  wedge.  Previously  to  the  use  of  iron,  wedges  at  dry  wood  were 
made  ii«e  of  by  driving  them  into  clefti  of  the  rock,  and  then  wetting  them,  to 
H  to  cause  them  to  swell  and  force  tlie  parts  asunder.  The  meana  employed 
for  railing  up  the  minerals  to  the  surface  were  at  first  eitremelv  rude.  The 
windlaas  and  bucket  may  be  reckoned  nn  improvement  which  took  place  id  a 
later  ilsge  of  mining.  This  simple  mechanism  hud  its  origin  in  Germany; 
and  before  it  was  introduced  into  this  couiiiry,  the  mode  adopted  here  wa*  by 
ntUng  successive  atagea,  upon  each  of  which  men  were  placed,  who  raised  the 
excavated  matter  &om  one  to  the  other  until  it  reached  thi-  Uxo,  in  the  tame 
manoer  as  ia  now  commonly  practised  in  digging  out  the  foundations  for  hoi.'B>s, 
or  for  making  deep  drains.  In  South  America  the  ores  are  for  the  most  part 
carried  up  by  the  Indiana;  and  where  the  situotiou  admits  of  iloptng  roods,  on 
the  backs  of  mules.  To  Germany  may  alao  be  traced  the  inuoduction  of 
hydraulic  machine*  for  raising  the  water  constantly  collecting  in  the  mines. 
Pumps  were  adapted  to  the  shaft)',  and  their  constant  action  secured  by  giving 
ntotloii  to  their  pistons  by  wheeb  turned  by  descendiitg  streams  of  water.  To 
EuglaDd,  however,  belongs  the  merit  of  having  greatly  impToved  the  pump- 
Work  and  the  waier-engines  to  their  present  effective  condition ;  and  by  the 
tubtcqurnt  application  of  the  steam  engine  to  this  purpose,  the  mining  procetsei 
ef  otir  countrymen  liHve  to  far  sur|>as>ied  those  of  other  countries,  as  to  render 
tkeir  Adoption  indispensable  in  most  liluaiiona. 

Allhongb  copper  it  now  the  greatest  metallic  product  of  the  county  of  Corn- 
wall, K  u  comparatively ,  to  the  other  melnls,  uf  modtcn  dijcovcty.  not 
having  been  worked  longer  than  a  century.  The  reason  aligned  Tiir  ila  having 
10  iaag  remained  concealed,  i*  the  assumed  fact,  that  copper  generally  occurs  at 
•  much  greater  depth  than  tin ;  and  thai,  const'qiieutly,  the  ancicnia.  for  want 
of  proiwr  machinerj-  to  drain  off  the  water,  were  compelled  to  relinquish  the 
UetalUc  veil)  before  tliey  reached  the  cupper.  It  it  stated  by  Pryce  in  his 
Uinrralwiia  Camulmiua,  as  a  general  rule,  that  tin  seldom  continued  rich  and 
wgrth  working  lower  than  50  follioins ;  but  of  late  years  the  richest  tin  mii.es 
■f  Comwall  hare  been  much  deeper.      Xrevenen  mine  w»a,  ISO  ;    Hewa* 


Downi,  HO ;  Paldicc,  130 ;  and  hen\  Vur  Is  now  upwards  of  130  fatliom*  in 
depth.  Upon  ibe  lint  discovery  of  copper  ore,  ttie  minnr,  to  whom  its  itBiure 
WW  tnlirely  uiiknonn,  gave  it  the  Dome  ofpodfr;  and  it  will  be  hnrdly  creditad 
ia  these  time^  wlien  it  is  Ktated  that  he  recrarded  it  not  only  ai  nseless,  but  U]>oii 
ill  aiipearsnce  nasi  actually  induced  to  abandon  the  mine:  thecomnion  expreuioD 
upon  such  an  oecaaion  voa,  "  that  the  ore  came  id  and  spoilt  the  tin."  About  llie 
J-MT  1735,  Mr.  Colter,  a  mineralogial  of  Biiato],  obierved  this  laidpoder  among 
the  lieaps  of  rubbish  j  and  seeing  that  the  niinen  were  nliolly  unacquaiuled 
with  its  value,  he  formed  the  deiign  of  convening  it  to  his  own  advantage,  and 
accordingly  entered  into  a  contract  to  purchane  ai  much  of  it  na  could  be  nip- 
plied.  The  scheme  suceeeded.  and  Coster  long  continued  lo  proGt  by  Ccmish 
Ignorance.  Besides  tiu  and  copper,  lome  of  tlie  Cornish  mines  yield  cobalt, 
lead,  and  silver.  The  ores  are  in  veins  or  lodes,  the  most  important  of  which 
Tun  in  an  east  and  west  direction  :  during  their  coune  they  vary  considerable 
in  width  from  that  of  a  barley-corn  to  thirty-iix  feet ;  but  the  average  may  he 
stated  at  from  one  to  four  feet  The  number  of  mines  usually  at  work  in 
Cornwall,  is  estimated  at  about  130. 

The  mines  of  Cornwall  and  Devon  are  generally  worked  by  a  company  of 
Droprietort,  called  adventurers,  who  a^ec  with  the  owner  of  the  land,  or  the 
lord  of  the  soil,  as  he  is  usually  denominated,  to  work  the  mine  fur  a  certain 
number  of  years,  paying  him,  by  way  of  rent,  a  proportion  of  the  ores  raised, 
or  on  equivalent  in  money.  The  grant  tlmi  made  to  the  adventurers  is  called 
m  tet,  and  the  lord's  rent,  if  paid  in  ore,  is  said  to  be  the  lord's  diik  ;  if  paid  in 
money,  his  dua.  The  adventurer?  divide  their  undertaking  into  shares  of  dif- 
ferent magnitude,  the  smallest  usually  held  being  one  sixty-fourth  part  Any 
Eart  of  the  concern  held  by  one  person  is  called  a  dolt,  and  its  value  is  known 
J  its  being  denominated  an  eighth-dole,  a  sixteenth- dole,  &c.  The  bounds  or 
limits  of  B  mine  are  marked  on  the  surface  by  masses  of  stone  pitched  ut  equal 
distances;  but  the  property  of  the  soil  above  ia  entirely  distinct  from  that  pait 
of  the  mine  beneath  it;  the  miner,  however,  has  tlie  privilege  of  making  open- 
ings or  shails  at  slated  intervals,  for  the  purpose  of  raising  the  ore,  and  admitting 
Bir  lo  tlie  works.  In  opening  a  new  muie,  considerable  knowledge  of  the 
country,  and  of  the  most  likely  situation  of  tlie  metsJIic  veins,  is  of  coiin« 
necessary  to  avoid  the  chance  of  useless  labour.  The  spot  for  commencing 
operations  having  been  selected,  a  perpendicular  pit  or  thaft  ia  sunk,  and  at  the 
depth  of  about  sixty  feet  s  horutontal  gallery  or  Irvel  is  cut  in  the  lode  by  two  *eti 
of  miners,  working  in  opposite  directions,  tlie  ore  and  materials  being  raised  in  the 
first  instance  by  a  common  windlass.  As  soon  as  the  two  sets  of  miners  have 
cut  or  driven  the  level  about  100  yards,  they  find  it  imposuble  lo  proceed  for 
want  of  air ;  this  being  anticipated,  two  other  sets  of  men  have  been  sinking 
from  the  surface  two  other  perpendicular  shaAs  to  meet  them  ;  from  these  the 
ores  and  materials  may  also  be  raised.  By  thus  rinking  perpendicular  shafU,  a 
hundred  rardi^from  each  other,  the  first  level  or  gallery  may  be  carried  to  any 
extent.  While  this  boriioutal  work  is  going  on,  llie  original,  or  as  it  ia 
termed,  the  engiiu  ihajl,  is  sunk  deeper ;  and  at  a  second  depth  of  60  feet,  ■ 
second  horixonlsJ  gallery  or  level  is  driven  in  the  same  diieclion  ns  the  &ri^ 
and  the  perpendicular  shads  are  all  successively  sunk  down  to  meet  it;  in  this 
manner  galleries  continue  to  be  fmuied  at  different  depths,  as  long  as  the  stata 
of  tlie  lode  renders  the  labour  profitable.  The  engine  shaA  in  the  mean  lima 
is  always  continued  to  a  greater  depth  than  the  lowest  level,  for  the  purpose  of 
keeping  the  working  shaAs  free  from  water.  The  object  of  these  perpendicular 
ahatts  is  not  so  mucn  lo  get  at  the  ores,  which  are  directly  procured  from  tllem, 
as  to  put  the  lode  into  a  state  capable  of  being  worked  by  a  number  of  men  )  in 
short,  to  make  what  is  termed  a  mint.  It  is  evident  tliat  the  shafU  and  galletiei 
divide  the  rock  into  solid  right-angled  masses,  each  300  feet  in  lengtli,  and  60 
in  depth.  These  musses  are  again  subdivided  by  small  perpendicular  shafii 
into  three  parts;  and  by  this  amtigement  the  rock  is  filially  divided  into 
masses  called  jiifi;A«,  each  00  feet  in  height,  and  about  100  feet  in  length. 

In  the  Coniisli  mines,  the  sinking  the  shafts,  and  driving  the  levels,  is  paid 
Ibr  by  what  is  termed  ItU-itork,  or  tosk-woik,  that  it,  so  much  per  fathun;  in 
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a^tiim  lo  this  the  minen  receive  a  imall  per  cenliige  nu  tlie  nre),  in  order  to 
wducc  them  to  keep  ths  valuable  portions  si  lepwate  u  poHJhle  fVom  ihe  dtadi, 
or  rocky  part*  of  ihe  mm. 

Id  addition  lo  these  horiionlaJ  and  perpendicular  ihafu,  anafher  deeeription 
ef  gtSitty  la  rormed,  called  an  aJit;  the  use  ot  thin  diaft  it  tci  drain  the  water 
from  the  lower  pnrts  of  the  niiue.  Where  the  mine  is  formeii  in  an  expored 
TOfk,  aa  in  the  Botallick  mine,  in  Conmalt,  the  adit  can  carry  off  the  water 
withoot  the  aid  oT  machinery,  as  long  ai  the  lowest  ihafl  i>  above  the  level  ot 
the  sea ;  biit  aheo  the  shafts  are  sunk  below  that  level,  or  that  of  the  adit  ilieir, 
recourse  must  be  bad  to  the  aasistance  of  iteaio-engines  lo  pump  up  the  drainuge 
lo  a  sufficient  height.  The  great  Comiih  adit,  which  commences  in  a  valley  near 
Camon,  receivea  bianchn  nvm  Rftj  different  mines  in  the  parish  of  Guennap, 
fbrmiiig  altogether  an  excavation  nearly  thirty  milei  in  lenvth.  Tlie  tongeil 
continued  branch,  is  Irom  Cardren  mine,  live  and  a  half  miles  in  length  ;  this 
•IDpcndous  mine  empties  itself  into  Falmouth  harbour. 

'rhe  lode,  when  divided  as  above  described,  is  open  to  tlie  inspection  of  all  the 
■eighboiuing  miners  in  the  country,  and  each  mass  or  compartmeiil  is  let  by 
pnfalie  competition  for  two  months,  to  two  or  four  minen,  who  may  work  it  as 
Um7  cbooie.  These  men  undertake  to  break  the  ores,  and  raise  them  lo  the 
■WBoev  OT  as  it  il  termed  lo  graii,  and  pay  for  the  whole  proceia  of  drettiiig 
Aa  orei,  that  is,  preparing  them  for  market.  The  men  by  whom  llie  mines 
arc  worked  in  this  manner  are  called  tribnlert,  and  their  share  nf  ihe  value  uf 
ibm  ore,  which  varies  according  to  its  richness  in  melal,  is  named  Iribule.  This 
tribute  is  paid  over  to  them  every  week,  Ihe  mineral  being  disposed  of  at  a 
^dMrng,  ot  weekly  sale.  In  addition  to  the  working  miners,  a  set  of  men, 
vhoae  experience  entitle  ihem  lo  the  office,  are  engaged  at  a  slated  salary,  to 
0el  aa  overlookers,  and  direct  llie  labours  of  the  rest ;  those  whose  business  lies 
is  the  mines,  are  called  under-ground  caplana,  and  those  employed  above  ground 
I  ta^amt.  The  weekly  produce  of  the  mine  being  made  up  by  tlie 
Iters  into  heaps  of  about  odc  hundred  tons  each,  samples,  or  little  bags  from 
•ach  bcap,  are  aeni  to  the  agents  for  the  different  copper  companiee.  The  agents 
jWie  these  to  the  Cornish  aasayers,  a  set  of  men,  who  (strange  to  relate.)  are 
4ratinUe  of  the  moat  distant  notion  of  the  theories  of  chemistry  or  metallurgy. 
t  vbo  nevertheleH  con  practically  determine,  with  great  accuracy,  the  value 
__  cacfa  nmple  of  ore.  As  soon  as  the  agents  have  been  informed  of  Ihe  auay, 
dtcy  detenmne  how  much  a  ton  they  wdl  oficr  for  each  heap  of  ore  at  ine 
ve*Uy  ticketing.  At  this  meeting,  all  the  mine-agents  ai  well  as  the  agents 
fiir  the  several  copper  companies,  attend,  and  it  is  singular  lo  see  the  whole  of 
the  ores,  amounting  to  several  thousand  tons,  sold  without  the  utterance  of  a 
•in^le  word.  The  agents  for  the  copper  companies,  seated  at  a  long  table,  hand 
Itp  lodiridually  to  the  chairman,  a  ticket  or  tender,  staling  what  sum  per  Ion 
tliey  ofikr  for  each  heap.  As  soon  as  every  man  has  delivered  his  ticket,  they 
are  all  ordered  lo  be  printed  together,  in  a  tabular  form.  The  largest  mm 
offered  for  each  heap,  is  distinguiahed  by  a  line  drawn  imdcr  it  in  the  table,  and 
Ihe  ^ent  who  has  made  this  ofler  is  the  purchaser. 

Id  ordec  to  prepare  copper  ores  for  market,  the  first  nrocess  is  to  throw  aside 
the  rubbish,  with  which  they  are  unavoidably  mixed;  this  task  is  performed  by 
children.  The  largest  fragments  of  ore  are  then  cobbed,  or  broken  into  small  pieces, 
by  vomen,  and  after  being  again  picked,  iliey  are  given  to  what  the  Comish 
minera  term  maidrm,  lUat  in,  young  girls.  These  maidens  iuci  the  ores,  that 
is,  with  a  Inicking  iron,  or  flat  hammer,  they  break  ihcm  into  pieces  not  exceed- 
ing half  an  inch  in  tiie-  The  richer  parts  of  the  ore,  which  are  mote  easily 
bnk«n.  arc  now  crushed  smaller  in  a  tind  of  mill,  the  principle  of  the  construc- 
liMiof  which  is  shown  in  the  diagram  on  p.  162;  where  a  represents  a  weighted 
Sim.  by  the  dipreaiion  of  which  tlie  ore  between  it  and  the  roller  b  becomes 
IBIiahed:  and  on  llie  raising  of  tba  lev«,  the  crushed  ore  falls  nway,  and  a 
feeah  portion  of  ore  is  thrown  into  aposilion  lo  receive  the  pressure  upon  Ihe 
■tcc«eding  depreinon  of  the  lever,  The  coaner  portions,  which  are  the  hardest, 
■n  bnusfd  in  a  ilumptng  mill,  in  which  heavy  weights  or  hammeta  are 
lifted  by  cams  on  a  revolving  shaft,  and  allowed  to  faU  upon  the  ore,  a  sHean 


oF  watef  consUntlv  paiiing  through  the  mass,  and  washing  o 
which  is  suffioieDtT^  reduceil  to  pa»  through  llie  holes  made  ii 
which  tonat  one  tide  of  the  box  in  which  the  itompen  work. 
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Tue  next  operation  is  that  of  jii^iNjp;  tliisaeed  to  be  perTarmeJ  ( 
boya,  aad  conuiti  in  ihakiug  a  qiiunllty  of  bruised  ore  in  a  kind  of  irev 
an  iron  i>oltoiii  lo  it,  while  under  water.  Thia  occaHuna  Ihe  hearier  pnru,  which 
contist  almost  entirely  of  metal,  to  ibk  to  Ihe  bottom  ;  while  the  earth;  inattct 
is  waahed  away,  and  the  small  fragmf  nts  of  stone,  being  lighter  than  the  metali 
aiid  coniainiDg  little  or  no  ore,  are  left  on  the  surface  in  the  sieve ;  these  are 
carefully  ikimmed  off  with  the  hand,  slid  the  remainder  ia  piled  up  tn  heap* 
for  aale.  This  process  has  been  recently  considerably  improved  by  Mr.  Thomu 
Petherick,  a  mine-agent,  of  Penpellick,  who  look  out  a  patent  in  IB30,  "  Tar 
machinery  for  separating  copper,  lead,  and  other  area  from  eartha  and  other  sub- 
stancea  with  which  they  are  and  may  be  mixed,  and  is  more  particularly 
intended  lo  supersede  the  operittion  now  practised  for  that  purpose,  commonly 
called  jigging.  This  machinery  is  thua  composed  |  namely,  a  large  vat  or  tub, 
with  a  Rxed  cover,  in  which  cover  are  apertures  and  receptacles  adapted  lo  the 
form  and  size  of  a  number  of  tieves,  such  as  are  used  in  the  operation  of  sepa- 
ratine  copper,  lead,  and  other  orca.  from  the  aubsUncea  with  which  they  art 
uiuaUy  mixed.  The  vat  is  filled  with  water,  and  the  sieves  with  the  mineral* 
in  them  are  placed  in  their  receptaelei,  so  aa  to  be  immersed  in  the  water  con- 
tained in  the  vat ;  Ihe  interior  capacity  of  which  comtnunicates  with  the  interior 
capacity  of  a  hollow  cylinder ;  into  this  a  plunger  or  piston  ll  fitted,  which  ia 
moved  alternately  up  and  down  within  i^  so  as  alternately  to  diaplace  waUt 
there&om,  and  force  the  tune  into  the  vat,  and  then  withdraw  water  from  the 
vat  into  the  hollow  cylinder  ;  thus  causing  a  sudden  flux  and  reflux  of  the  water 
through  the  sieves,  which  is  continued  until  the  required  degree  of  separation 
of  the  eartha  from  the  ores  ia  effected. 

In  the  speciAcalion  of  a  second  patent,  granted  in  1833,  to  Mr.  Petlieriek,  in 
conjunction  with  Mr.  Kingston,  of  hlington,  in  Devonshire,  fur  impravementi 
in  the  patent  machinery  just  described,  it  is  directed  that  the  aforesaid  cylinder 
is  lo  be  provided  with  a  bottom  plate  and  foot  valves,  opening  outwards  to  aUuw 
tlie  escape  of  the  water  into  ihe  vat,  but  not  to  permit  ita  return  ;  and  the  pi«- 
tou  ia  furnished  with  valves  opening  downwards  to  allow  the  water  to  pats 
through  it  in  that  direction,  ao  that  the  motion  of  the  piston  shall  cause  the 
water  to  pasi  through  the  cylbder  the  same  ua  in  a  common  lifting  water- 

Siunp.  By  this  improvement,  the  water  instead  of  being  made  to  pas*  up  and 
own  tlirough  the  neves,  containing  Ihe  minerals,  as  in  (he  previous  plan,  is 
forced  through  the  sieves  by  a  leries  of  impulaea  varying  in  exient  and  iolciiaily 
with  the  proportion  of  the  area  of  the  piston  to  the  areas  of  the  sieves,  and 
the  extent  and  rapidity  of  the  motion  communicated  to  the  piaton.  The  finl 
mover  of  thia  machinery  may  be  itaam,  or  water,  or  horse,  or  man  power,  u 
circnmalancea  may  demand.  It  u  propoied  by  the  patenteea  as  one  modifica- 
tion of  their  plans,  to  carry  a  shaft  from  a  flrst  mover  over  a  aeriea  of  separating 
vat*  placed  in  a  row,  and  in^de  to  actuate  eucli  piston,  hy  means  of  a  jiisioo 
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a  detailed  deMriplion  of  liia  apparalua,  prefnclng  our  account  wilh  [he  ob*er- 
vHiian,  that  it*  applicalian  ia  not  confined  to  the  more  precious  metaJi,  but  maf  be 
advantageously  em  pi  ojed  in  the  separation  of  other  lotid  subntonceB  of  diuimilar 
■pecilic  gravities.  If  the  matricca  in  which  metali  are  found  are  of  a  hnd  and 
■tony  nature,  they  must,  in  (he  lint  iiiaMncc,  be  reduced  by  hammers,  or  bj 
the  operation  of  an  ordlDsiy  glamping-mill,  to  powder  or  duit ;  for  the  amalleT 
tlie  particUj  are,  the  more  cffeciually  will  they  he  aeparaled  by  the  subaeauetit 
proceai.  The  materials  so  prepared  are  put  into  a  deep  conical  or  cylindrical 
luu,  with  a  quantity  of  water  sufficient  to  permit  the  whole  of  the  ore,  aoil,  or 
otlier  powdered  materiali,  to  Boat  about  in  ■  perfectly  free  and  liquid  tUCe 
whenever  the  water  Is  sirred  round  hy  the  agitators,  which  we  shall  pmently 
describe  ;  and  with  a  force  and  vclocitj'  so  aa  to  drive  the  nater  up  the  side*  uf 
the  tub  in  such  mannei;  (hat  a  hallow  space,  in  the  thape  of  an  inverted  cone, 
inny  be  formed  in  the  water  within  the  tub.  J^.  1  of  the  previous  etigravingi. 
ia  B  aide  view  of  the  apparatus ;  fig.  2  a  plan  of  the  tame ;  and  Fiff.  3  a  aee- 
tioii  of  the  tub,  to  show  the  futro  of  the  ugiiaior,  and  the  means  med  lu  suspend 
and  move  it ;  the  tame  letters  of  referente  are  iiaed  to  denote  the  same  parts  in 
uli  the  ligures.  A  ia  the  tub,  quite  siimolh  in  the  inside,  auppoited  upon  a 
platform  B,  forming  a  part  of  the  frame  of  the  machine,  and  Irom  whico  the 
two  Itandards,  C  C,  rise  that  support  the  horiiontal  cross-frame  D  D,  wliicii 
cUHh  the  agitator  F  G  H  1.  Thia  agitator  may  be  mode  of  Kood  or  iron, 
according  to  the  magnitude  of  the  machine,  and  conaisti  of  four  double  arms 
F  F  F  F,  which  support  and  carry  the  stirrers  i  1 1  I,  which  hang  vertically. 
These  stirrers  may  he  screwed  or  morticed  into  the  double  arms  P  F  T  F.  which 
are  in  like  manner  screwed  or  morticed  into  the  strong  central  block  G ;  through 
the  centre  of  tliii  block  (which  is  alao  the  centre  of  the  agitator),  the  iran 
spindle  H  passes,  being  fixed  by  a  nut  and  screw  beneath  the  block,  and  ter- 
minating at  its  tipper  end  in  tlie  handle  i,  which  serves  to  Ciun  the  agitatot 
round ;  on  which  account  the  aplndle  has  two  turned  bearings,  which  ran  in 
brosB  boxea  a  a.  A*  the  power  and  velocity  of  tiie  winch  K  would  not  be  suf- 
ficient in  large  machines,  a  ri^er  is  hung  at  L,  upon  the  iron  spindle  U,  to 
that  the  agitatdr  ntay  be  turned  by  a  bond  passing  round  it;  and  round  a  Urge 
rigger  moved  bv  a  hone-wheel  (or  any  au9ieient  power)  as  ihawn  in  Fyt.  1 
and  2,  where  M  is  the  band,  and  N  tlie  large  rigger  fixed  upon  the  vertical 
shaft  O,  the  bevel  pinion  of  which  at  P  tnkea  into  the  teeth  of  a  large  hune- 
wbeel,  not  alinwn  in  the  drawings  because  it  does  not  eonatitute  any  part  of  the 
invention.  By  this  mode  uf  working  any  rr[|ulred  number  of  macliiues  can  be 
placed  round  Uie  horae-wbeel.  and  be  worked  at  the  same  time.  The  eitenial 
Dan  of  the  stirrers  I  I  come  very  nearly  in  contact  with  the  sidea,  and  their 
•xtremitie*  very  near  to  the  llat  Itoiioiu  uf  tlie  tub,  so  as   to   iniure   llw 
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agilalion  oT  tb«  whole  i]iianlit_v  at 
nuterUl  that  may  be  mined  silh 
tlic  water,  and  prerent,  as  Tar  b> 
pottlble,  Ihe  deposit  of  any  part  of 
(be  wme,  either  on  (he  bollnm,  ot 
on  the  lidet  of  the  tub;  and  (ot 
the  due  adjurtment  of  the  end>  of 
Ibe  atiireti  lo  the  bottom  of  the 
tub,  the  borizoDtal  croas-frame  D  U 
it  movable  up  and  doirn  in  long 
morticed  grooves,  made  fur  that 
purpose  St  Q  Q,  near  the  lops  of 
(be  two  ttaodarda  C  C,  (as  dia- 
linctly  leen  in  Fk)i.  1,  3.  and  6,) 
•Dd  is  Gied  at  the  required  height 
by  mean*  of  the  iron  icrew-boiu 
R  R,  which  pass  into  any  of  ibe 
lerie*  of  holes  made  io  the  side  of 
the  standarda,  Figt.  3  and  5.  A 
teniporii'y  elevation  of  the  agitator 
lOMj,  Bi  tinei,  be  neceuary  in  tint 
Mtting  the  machine  lo  n-ork.  if  the 
poirdered  ore  or  und  put  into  the 
water  ii  of  tuch  a  dense  or  heavy 
a  prevent  the  agitator 


ting  it  in  motion,  and  aftenratds 
lowering  it  gently  while  in  motion. 
it  will  gradllally  lay  hold  of  the 
materiau,  and  toon  put  them  into  a 
vhiiting motion.  Intheundemeath 
J^.  4,  a  perspective  figure  ii  given 
of  the  agitator,  detached  frotn  the 
other  parts  of  the  macliiiie ;  and 
fat  the  purpose  of  so  detaching  it, 
the  croas-frame  D  D,  together  willi 
iu  bran  boxes,  are  made  lo  lake 
uunder  loneitu  din  ally,  as  seen  in 
IJgt.  1  aai  2,  but  aru  bulled 
together  whilst  the  machine  Is  in 
nie.  S  is  a  cock,  or  spigot  and 
fkuet  for  drawing  off  ihe  waler 
from  (be  tub  whenever  it  may  be 
neceisary ;  in  addition  to  this,  llie 
centre  of  ihe  hotlom  of  the  tub  is 
£imished  with  a  peculiar  valve, 
the  use  and  construction  of  which 
fiirrol  one  of  the  leadinf;  features 
of  this  invention.  This  valve 
of  difTerent  eonntructions, 
^  will  appear  when  its  use  has 
been  described.  One  form  of  it  is 
■bown  in   section  at  Fig.  3,   and 


which  must  be  bored  in 
c  like  a  pump  barrel,  in  ori 
diat  the  piston  d,  which  is  pad 
vitb  b«mp,  leather,   or  other 
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material,  may  move  in  a  water-tight  mamier  within  it ;  « /  is  an  iron  lever, 
turning  on  the  fulcrum/ for  the  purpose  of  moving  the  piston  with  which  it  is 
connected  by  the  rod  g ;  and  h  is  at:  iron  loop  or  guide,  which  not  only  causes 
the  lever  ef  to  move  up  and  down  without  external  action,  but  also  regulates 
and  restrains  its  quantity  of  motion,  which  is  necessary,  because  when  the  end 
e  of  the  lever  is  drawn  up  to  its  highest  possible  elevation,  the  piston  d  should 
be  at  the  top  of  the  barrel  c  e,  with  its  convex  upper  surface  just  projecting  into 
the  tub,  as  shown  by  tlie  curved  dotted  line ;  and  when  the  end  e  of  the  lever 
is  at  its  greatest  depression,  the  piston  must  be  at  the  bottom  of  the  said  barrel, 
but  must  never  move  out  of  it ;  and  when  the  said  piston  is  in  its  lowest  situa- 
tion, as  shown  in  the  figure,  its  upper  surface  must  be  just  below  a  row  of  larfi;e 
holes,  which  are  formed  round  the  said  barrel  as  at//;  consequently,  while  the 
piston  is  in  its  oosition,  any  fluid  that  may  happen  to  be  in  the  tub  will  flow  out 
of  it,  through  these  holes,  into  a  shallow  tub  £,  placed  underneath  to  receive  it; 
but  if  the  piston  is  raised  rather  more  than  its  own  thickness,  it  will  cover  all 
the  said  hole//*,  and  prevent  the  discharge  of  anjrthing  from  the  tub,  although 
it  will  leave  fdf  the  upper  part  of  the  barrel  c  c  open,  as  a  well  or  receptacte  to 
receive  anything  that  may  fall  into  it;  and  this  well,  or  receptacle,  may,  in  a 
moment,  be  annihilated  by  pushing  the  piston  upwards. 

The  other  form  of  the  valve,  shown  in  Fig.  5,  is  similarly  placed  in  the  centre 
of  the  bottom  of  the  tub,  and  for  the  same  purpose,  though  rather  more  simple 
in  its  construction.  It  consists  merely  of  a  conical  brass  or  other  metal  stopper, 
turned  and  ground,  or  packed  so  as  to  fit  tightly  into  the  hole  of  the  metal 
plate  1 1,  which  is  let  into  the  bottom  of  the  tub :  this  stopper  is  moved,  as  in 
the  former  valve,  by  the  iron  or  metal  lever  ef,  and  attached  to  the  plug  or 
stopper  by  the  iron  rod  g,  so  tliat  the  valve  may  be  opened  or  shut  at  pleasure, 
by  applying  the  hand  to  the  epd  of  the  lever.  It  will  be  observed  in  all  the 
above  figures,  and  particularly  in  the  perspective  view  of  the  agitator  at  Fig.  4, 
that  there  are  no  stirrers  1 1 1  in  the  centre  of  the  aeitator,  but  that  a  certain 
space,  fully  equal  to  the  size  of  the  central  valve,  is  left  free  for  them,  not  only 
for  the  purpose  of  permitting  the  valve  to  rise  between  the  stirrers,  but  also  to 
prevent  the  same  degree  of  motion  being  given  to  the  central  part  of  the  con- 
tents of  the  tub,  that  is  given  to  the  sides  of  it  Having  so  far  described  the 
Seneral  form  and  construction  of  the  apparatus,  we  shall  next  proceed  to 
escribe  the  manner  of  using  it,  for  the  purpose  of  extracting  the  gold,  silver, 
or  other  metals  or  materials,  from  the  sand,  earth,  or  other  matrices  with  which 
they  may  happen  to  be  mixed.  For  this  purpose  the  tub  A  A  must  be  about 
half  filled  with  water,  or,  what  is  better,  may  communicate  by  a  pipe,  shoot,  or 
trough,  with  water,  which  can  at  pleasure  be  permitted  to  run  into  the  tub,  or 
may  be  stepped ;  the  cock  S  and  central  valve  being  of  course  closed  at  this 
time.  The  ore  and  matrice,  or  other  material  to  be  operated  upon,  reduced  to 
a  state  of  powder,  must  now  be  thrown  in,  in  such  quantity  that  it  will  not 
exceed  in  weiglit  more  than  about  half  the  weight  of  tne  water  in  the  tub  at 
any  one  time ;  but  a  greater  or  less  quantity  may  be  added,  according  to  its 
density,  which  will  be  easily  ascertained  by  practice.  The  agitator  is  then  to 
be  put  into  motion,  beginning  slowly  at  first,  but  quickening  it  untQ  the  whole 
quantity  of  water,  and  the  materials  that  have  been  thrown  into  it,  are  put  into 
rapid  motion,  and  the  whole  of  the  ore,  or  other  material,  however  heavy,  has 
become  completely  incorporated  with,  and  floats  in,  the  water.  It  will  soon  be 
found,  that  the  water,  by  its  centrifugal  force,  will  rise  against  the  sides  of  the 
tub,  and  leave  a  hollow  space  in  the  middle  of  it,  in  the  form  of  an  inverted 
cone,  as  shown  by  the  dotted  lines kkkk,  in  the  section  of  Fig,  3.  This  eflTect 
takes  place  to  such  an  extent  (if  the  height  of  the  tub  and  the  size  of  the 
agitator  are  properly  proportioned  to  one  another,  and  the  motion  is  sufficiently 
rapid),  that  the  central  valve  at  the  bottom  of  the  tub  can  be  distinctly  seen 
from  above,  and  may  even  be  opened  without  danger  of  dischar^ng  much  of 
the  water ;  and  if,  fliter  continuing  this  rapid  motion  for  two  or  Uiree  minntes, 
it  is  eraduallv  abated,  and  the  agitator  is  brought  to  a  state  of  rest,  it  will  be 
found  that  all  the  gold  or  silver,  or  other  metius,  so  mixed  with  the  water,  will 
be  deposited  in  a  neap  in  the  centre  of  the  tub,  immediately  over  the  central 
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nln^viftntyEiaaabiElaKofthenuid  or  earth  tbitt  «»  pnvioualjr  mixrit 
wbb  it;  mai  llwiilfMilllj.  if  tlis  putoD  J  of  the  tub-vaive  in  /^.  3  is  lowered), 
W  M  to  Ibfm  Aa  duwBbf  or  eanly,  at  the  *«me  time  tliat  the  motion  of  the 
igimw  h  JmIcwwJ,  weh  Iwtj  mtteriil  will  be  deposited  in  the  uid  chiunber 
«*  cwrf^,  Mtd  majr  be  &*«n  ^  with  a  liltle  at  the  land,  euth.  and  water 
■uuwuuMiJMg  i^  nt*  Aa  reeeinDg  tube  E,  bj  loverinf!  the  tnid  piaion  belo« 
Om  Mm  awgihJ  at///m  the  figure ;  but  if  the  dueharge  iliould  b«  followed 
W  (M  audi  MB^  •nti^  aid  water,  it  auj  initoiitly  be  itopped  by  railing  tfa* 
■Nian  »kan  Aa  halaa.  Sheold  the  ore  <h-  other  materiiil  uot  bs  luSdently 
Mm  to  itfoA  {tadf  ni  Aa  eeatra  at  the  tub,  then  the  (tapper  vaUe,  ihown 
ia  jff.  5,  b  to  ka  aaad  in  nnference,  whkh  ii  not  to  be  opened  until  the  fluid 
■  Aa  tab  baa  baan  marcd  (bi  a  minute,  and  the  cenml  hollow  cnne  ia  furmed 
M  Aa  miUJB,  vboQ  Aa  Mapper  may  be  raited,  and  the  ipeed  oT  tiie  t^ialor 
tatUitmi,  ^riS  Ae  «aft»  M^>  to  flow  gentlj  fWim  the  valve,  when,  in 
— — t-fl.  it  vfll  bfn^  Aa.Me,  or  other  bear;  roateriaU  with  it,  and  mu>t  bs 


permitted  to  nm  eo  long  a*  thu  ii  the  can ;  the  vnlve  is  then  to  be  closed,  nnd 
tbe  agitator  again  put  into  rapid  motion;  ^ler  which  the  valve  ii  to  lie  agnin 
opened,  and  w  in  niccenion,  until  the  whide  of  the  urt,  or  other  heiTj-  male- 
rial,  ia  abtuncd,  which  wUl  be  known  by  iu  cewlng  to  run  from  the  lower  cen- 
tral ralve,  when  the  lemaining  reftixe  i«  to  be  drawn  off  by  opening  the  valve 
and  tpf?*  S,  having  pTeriontTy  idaced  another  tub,  called  the  waite-tub,  under 
A>  machine  f<w  the  purpoM  ol  receiving  it;  and  while  so  running  off,  tbe 
acitalor  moit  be  kept  in  nMilion  la  Kit  it  up  and  wa*h  out  the  contenli  of  the 
tdk.  When  empty,  the  waate-tnb,  with  iti  contenti^  must  be  removed,  and  Ae 
tab  A  A  mitet  be  nipplied  with  a  freah  quantity  of  water  and  ora,  nv  oAer 
'  .    -  .   .      jgqnie  the  operatiun. 


isa 


MIN'ING. 


Prom  llie  iaregoinc  dt«cri)ition  of  tliii  miclime  in  i 
appear,  lliat  a  much  Ust  prnponianDU  quantity  of  n 
cenlre  of  tbe  agilalor,  than  near  it<  ouUide,  patticuUrly  vhen  the  machine  i* 
nude  on  a  large  icale,  on  which  accnimt  it  ia  neceasaty.  in  lerge  machinei,  lo 
conatmci  a  double  agitator,  that  is  to  aay,  one  in  which  the  central  pari  tunii  iir 
movea  with  ereatcr  velocity  than  the  exlertiat  part,  as  shown  io  section  at  Fig.  5, 
where  1 1 1 1 F  F  show  the  agitator  conatnicled  ai  before,  except  that  ita  amti 
and  itirrera  are  more  extended  from  the  centre,  lo  as  to  make  room  tut  the 
iiDallec  central  agitator  liii  which  may  l>e  constnicted  in  the  same  Way  as 
before  descrihed,  or  may  have  iu  stirrers  fixed  into  the  circular  blocit  of  wood 
or  metal  jj,  and  the  iron  axel,  initead  of  beinV  fixed  into  the  central  block.  C, 
now  psHes  through  it,  and  ii  fixed  to  the  amaH  or  internal  agitator.  Fat  ihia 
purpose,  the  central  block  G  of  the  agitator  ihoald  be  lined  with  a  bran  box, 


D  D,  to  auist  in  supporting  it :  and  on  accouol  of  the  greater  weight  that  now 
hangs  on  the  aaid  iron  tpjnille  H,  two  Miction  wheels  are  fiied  to  its  upiier  end, 
a)  at  0  0,  which  run  upon  the  top  of  the  brass  bearing  p,  and  materially  dimi- 
nish the  friction.  When  the  double  agitator  is  used,  two  riggers  will  be  npce»- 
iary,  as  at  L  and  W,  and  the  one  at  W,  which  communicates  with  the  lai^ 
external  agitator,  is  made  double  the  diameter  of  the  smaller  one  L,  which  ii 
fixed  upon  the  iron  axle  H,  in  order  that  the  smalt  internal  agitator  may  move 
with  double  the  velocity  of  the  large  exlernal  one.     In  every  other  respect,  this 


nadune  ia  the  lame  aa  Hie  one  already  deseriiied.  Fh.  6,  is  an  elevation  of  » 
e,  with  a  double  agitator  introduced,  merely  to  Bbow  how  such  a  machine, 
"Jl  scale,  may  be  moved  by  hand,  iand  w  are  the  two  riggers  of  th* 
md  external  ogitutors,  as  in  tlie  last  figure,  and  motioi 
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to  ihcm  b;  tite  bandi  m  n,  irliich  pB«3  round  tli«  two  riggen  e  snd  n, 
both  of  the  fBine  diametrr,  and  both  6xeil  upon  ihe  upright  iron  shaft  xr, 
which  abo  carrici  (he  bevellMl  nheel  y,  which  ii  driren  by  the  larger  vhvel  Y, 
bang  upon  the  main  shaft,  which  alio  carriea  a  heavy  fly  wheel  ■  t,  and  lh« 
*inch  at  handle  by  which  lb?  whole  ia  turned.  The  timber  framing  (  C,  for 
corryiag  (he  said  wheel  and  riggen,  U  too  obvioui  to  need  description,  and  may 
be  varied  in  form,  to  tuil  llie  convenience  of  the  place  in  which  the  machinery 
n  filed ;  and  when  a  horie  b  adopted  for  machinery  of  magnitude,  it 
ii  almoat  needjesi  to  obierre,  that  it  muit  take  into,  and  drire  the  wheel  v< 
which  fi>r  this  purpoie  may  be  fixed  higher  on  iti  shaft,  when  the  wheel  y,  with 
iti  By  wheel,  sbatl,  and  handle,  will  be  iiiuieceissry.    In  the  uie  of  this  machine, 

ain  to  expect  to  get  the  ore  or  other  heavy  material,  leparaled  from  tha 

earth,  or  other  material,  with  which  it  may  be  mixed,  in  a  clean  and 
ptifett  Uale,  by  one  operation  aa  hereinbefore  described,  because  a  coniiderable 
poitioa  of  sand  and  earth  will  inevitably  run  off  with  it  in  the  water,     Tha 

_. .  1 pj  jjy  (jjg  patentee  therefore  is,  to  save  all  the  first  portions  that 

the  central  valve  at  the  first  washing,  in  a  tub  or  other  receptacle  by 
themselves ;  and  when  a  sufficient  quantity  is  tlius  accumulated,  it  is  to  be  agsia 
put  into  a  machine,  which  may  be  smaller  for  this  purpose,  and  it  is  to  be  treated 
crrcisely  in  the  game  manner  as  the  crude  material*  m  the  first  instance,  when 
It  irill  ba  further  cleansed  and  purified :  but  if  not  in  a  suSlcienily  clean  suie 

'  'i  aecond  washing,  it  must  undergo  a  third,  or  even  fonnh,  \a  the  same 
ti  hand  machines,  according  to  the  purity  required ;  which  by  due  and 
care  to  the  direclions  herein  given,  and  a  little  practice,  may  be  carried 
extent  required.  It  is  also  necessary  to  observe  that  the  operation  of 
and  separating  ores,  or  other  heavy  maleriab,  by  the  machinery  befora 
I,  may  be  e&cted,  (though  tn  a  iesi  convenient  manner,)  withoat 
the  adoption  of  either  of  the  bottom  central  valves,  or  any  valves  at  all;  because 
■uch  beavji  materials,  if  not  permitted  to  escape  by  the  valves,  wilt  accumulate 
ia  a  he^  in  the  centre  of  the  tub,  and  will  be  found  upon  carefully  removing 
ibe  sand,  earth,  ot  matrice  from  around  about  it ;  or  another  process  may  Im 
tlMd.  audi  aa  the  apparatus  delineated  in   the  subjoined  I'lg.  7,  is  adapted  for. 


B  aballow  tub  I 

_j|  Ihe  blocks //to 

[   hinei  tab  may  b*  fixed  in  >  _ 

1  MnUbuiaBy  into  «nd  out  of  it.  When  the  apparatus  i 
\  A*  renting  motioo  of  the  agiuior  F  F  I  I  will  bai 
U  tf  tbe  wwar  lh»»  i*  introduced  with  the  ore  into 


may  be  made  to  run 
I  arranged  In  this  form, 
■e  the  effect  of  throwing 
the  shallow  tub,  over  its 


'""- 


iiiiiing  stream,  (as  llie  cote  miiy  be.) 
arly  ail  (lie  lund,  earth,  <ir  mituicc  hiU  be 
tLrowa  over,  ao  at  to  leave  the  ore,  or  other  heavy  nuilerinl.  In  B  oeiuly  de*ii 
■ttte  Bt  the  boltom  uf  tlie  tub,  particularly  if  a  sufficitiut  qualility  of  water  Ihu 
been  used  during  die  proceia. 

The  whale  agitator  is  Dovr  to  be  removed,  for  taking  ciit  tlie  clenn  are,  and 
when  an  accumulBtiun  of  Tefiiae  has  taken  place  in  the  outer  tub,  (if  lucb  a 
one  be  med,)  ibe  inner  one  is  to  be  removed,  and  the  agilulDT  hiweicd  into  tba 
other  large  tub  for  stirring  up  the  uiid  refuse  and  water,  tt'Iiilt*  it  it  drawn  otf 
fay  the  plug,  or  ipigol  and  fauset  at  S ;  after  which  lucli  refuse  and  water  are 
to  be  egab  passed  through  a  machine  by  war  of  examiiialion.  to  lucertain  if 
any  ore,  &c.  had  i^saed  over  with  U;  and  if  so,  it  will  be  obtained  at  tbii 
second  washing.  Tlie  refuse  and  water  might  be  led  over  coone  Satmel 
or  cloth,  in  which  the  heavy  material  would  deposit  itself  if  there  be  any  Irlt 
in  the  refuse.  It  may  likewise  happen  iu  some  case*,  that  the  ore,  or  other 
heavy  mbstanoes,  CBiinot  be  cDnveuienlly  broken  down  and  reduced  to  powder, 
but  may  contain  diamonds,  precious  stones,  lumps,  or  fragment*  which  would 
be  too  large  and  heavy  to  be  put  into  inotiou  with  the  water,  ai  before  deuribeil; 
whenever  this  is  the  case,  the  construction  of  the  agitator,  shown  in  Fig,  7,  it 
recommended,  which  in  effect  is  the  same  as  those  already  described ;  but 
instead  of  intersecting  the  arms  FF,  which  carry  the  stirrers  II II  into  tlie  central 
block  of  wood  already  described,  a  ciicularkind  of  funnel  or  hopper  is  oonilructed 
as  shown  in  section  at  gggg,  of  iron,  and  the  spindle  revolves  Into  transversa 
[Heces  ta  m  within  the  said  hopper ;  such  pieces  being  placed  with  ibeir  ibinnut 
dimensions  upwards,  so  as  to  cause  as  lilUe  oluliuctii>n  a*  pouihte.  This  ba|>- 
pet  is  to  be  fed  with  ore  (previously  broken  into  unall  pieces],  by  means  of  tlie 
■hoot  n  n,  which  may  be  shook  by  joegles  at  r,  like  a  cornmili,  or  be  fed  by  any 
other  convenient  method.  Fig.  7  also  shows  another  form  of  the  agitator ;  a 
double  set  of  arms  to  carry  the  slirreis.  is  not  esseiiliul ;  all  that  is  uecessarj 
is,  that  it  should  possess  sutlicient  strength  and  substance  to  put  the  whole  of 
the  WRter  and  heavy  materials  mixed  therewith,  iiiTo  a  sulttciently  rapid 
motion,  to  produce  tbe  conical  hollow  space  shiiilar  to  tii.  Fig.  3,  as  before 
described. 

In  addition  to  the  several  modes  of  working  the  apparalm  explained,  it  ia 

Cuposed  to  work  the  same  in  streams,  or  ponds,  where  gold-dust,  ores,  &:c.  niay 
found,  or  suspected  to  exist,  withuiil  using  a  tub,  in  whicli  cane  the  ogitacor 
onlv  is  to  be  used,  and  must  be  supported,  as  before,  by  its  crosa-bcurers  D  D, 
and  standards  CC.  Figi.  1,  2,  3,  6,  6,  being  either  lixed  to  the  bottom  of 
a  boat  or  punt,  or  supported  between  two  buala  or  punts,  the  same  beina 
immovably  moored  or  hxeil  upon  the  water ;  nr  'he  machinery  may  be  placva 
upon  a  stage  with  legs,  adjustable  to  ihe  depth  of  tbe  water,  so  that  the  agitulor 
may  he  put  into  rapid  circular  motion  as  before  described ;  ut  us  near  as  poa- 
(ible  to  tbe  bottom  of  such  river  or  stream,  when  it  will  soon,  by  such  molioD, 
remove  the  soil  {provided  it  is  not  too  liard  or  strong),  and  will  form  itself  into 
a  circular  hollow  space  equal  to  its  own  diameter,  into  which  space  it  is  to  be 
gradilally  lowered  as  the  earth  u  washed  away ;  when,  if  any  guld-dust,  ore,  or 
hrBvy  metals  are  present,  tliey  will  be  brought  to  the  ciiilre  thereof  as  ellcc- 
tually  as  if  the  lirsl  a^tator  had  been  worked  in  a  tub ;  which  dune,  Ihe  post' 
tion  of  tbe  central  spindle  of  the  agitator  is  to  be  worked  as  accurately  a* 
possible,  eitlier  upon  tlie  stage  that  supports  it,  or  by  placing  uptight  straight 
rods  in  the  ground  round  about  it,  when  a  light  metal  tubr,  uf  tinned  or  ptata 
iron,  open  at  both  ends,  and  of  eqiinl  diameter  to  about  one-fourth  of  the 
agitator  that  has  been  used,  is  to  be  Towered  over  the  said  oenira!  sjiot,  for  the 
purpose  of  coiitinitig  and  covering  whatever  may  have  been  so  brooght  to  the 
centre,  wliich  may  then  be  raised  in  the  tube,  by  inserting  a  pump  therein  till 
it  reaclies  the  sand :  and  after  having  made  with  it  a  partial  vacuum  by  raisini; 
tills  pump,  the  whole  tube  is  brought  out  with  it ;  or  by  means  of  proper  ladlex, 
augers,  screw-Korms,  nr  other  implements  used  for  boring  the  eartn,  and  bring- 
ing up  the  same  through  lubes  for  well-sinkitig,  and  other  well-known  pur- 
poses;  or  the  implement  sliown  at  Wj.  8  may  be  used  to  advantage.  1( 
CODsistt  of  an  hexagonal,  or  other  polygonal  pipe  of  iron  made  nearly  to  fit  m 
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61!  up  llie  inaide  of  ilic  light  pipe  Wfure  ttiFnU'Dnrd  (dJrecUit  (o  be  lowered  for 

niTirrins  and  iKciirinf:  the  niHteriaU) ;  ili  tower  end  ii  lo  be  ruimed  into  hi 

many  poinli  lu  the  firii  p(ilyj>i>nBl  liai  sides,  la  at 

aaaa  m  Fig.  8;  ihetc  pomta  ahouliJ  be  of  iieel.  iint 

only  for  tlurabilily,  but  tliat  idey  mny  bend  inwsrda 

Mil  ipriug  open  again  in  the  funn  iliawn  si  X,  in 

vhieh  ital«  the  pipe  ii  to  be  lovered  into  llie  tube 

abmre  mentioned,  sad  it  must  be  putlied  through  the 

•oil,  or  whatever  the  agitator  may  have  broiifrht  tu 

ik  erotre,   by   ilackeDitig   and   turning  it   round  ; 

vtilc:,   at  the  same   time,  the  centcRl  chain  nhicb 

eeoimunicalei  by  branch  chaini  with   earh   of  thu 

fint  points,  ai  seen  at  Y,  is  to  be  strained  with  siiKi- 

cienl  force,   either   by  the  Ici'er  Z  or  in  any   oilier 

««y.  to  bnng  all  the  tint  point*  a  a  a,  &c.  together,  iti 

wbich  state  they  wiU  be  retained,  until  tlie  contenls 

thus  confineil  to  the  pipe  are  brought  up  out  of  tile 

water,  and  diKhurged  on  the  hoot  or  plalfotm. 

Haring  now  described  a  variety  of  proceura  for 
obtuning  the  ore*  of  copper,  lead,  tin,  gold,  ^ilke^, 
■ndaome  other  meta]i,  we  will  refer  the  reader  to  the  " 

aMiele  Co«i.,  (Vol.  I.  pp.  374  and  375,)  where  a  leclional  eneravinE  uf  a  coni 
Biaiic  and  iron  mine  is  given,  with  an  accurate  dricripdon  of  ihe  mode  of  work- 
ing the  nine.  It  is  an  astonishing  and  highly  Interesting  sight  to  a  sirnngcr  in 
tbe  neighbourhood  of  Blrminghain,  and  in  other  cool  and  iron  diftricti,  <o 
bc'bold,  at  one  view,  a  great  tiumhet  of  iteam  engines,  with  all  their  niHisivc 
machinery  and  apparaTus,  simultaneously  at  work  in  tbe  open  air;  some  employed 
in  drawing  up  the  iron  ore,  others  coal ;  which,  as  they  emerge  from  the  earth, 
ate  BOmeliines  lifted  upon  an  elevated  rail-road,  from  whence,  by  their  own 
fTsvitj,  or  by  the  aid  of  machinery,  they  are  conveyed  with  rapidity  to  llieir 
deatiDation ;  tbe  contents  are  instantly  discharged,  and  the  emptied  skip  brought 
back  in  coniionous  lucceiiion. 

MINIUM.  A  name  which  was  eiven  to  what  is  now  called  cirmaiar  ;  it  ii  a 
native  mineral,  of  a  shining  red  colour,  out  of  which  quickeilver  t>  extracted. 

MINT.  Tlie  place  in  which  tiie  king's  money  ii  coined.  Formerly  minia 
■listed  in  almost  every  country,  for  notwithstanding  the  coining  of  money 
appears  at  all  times  to  have  been  considered  a  special  preTOgative  of  the  crown, 
ue  SasDn  princes  ceded  the  privilege  to  their  ■ubjecls  to  a  great  extent,  reserv- 
ing al  the  same  time  eight  lulnls  for  tbe  City  of  London.  This  arrangement 
waa  continued  by  the  Norman  kings  with  little  alteration  until  ihe  period  of 
Richard  I.,  who  procured  from  tbe  east  of  Germany,  persons  well  skillGd  in  the 
art,  tor  the  purpoie  of  improving  the  coinage.  From  this  time  to  the  acceuion 
of  Edward  II.  t.o.  1307,  but  small  progress  appears  to  bare  been  made. 
TliU  prince  however  endeavoured  by  inlroducine  many  alterations  ii 
MitulioD  of  tbe  mint,  to  improve  the  coinage.  From  this  period  a 
lime  appean  to  have  elapsed,  without  any  material  cbangca  taking  place,  until 
Ihe  appointment  of  a  Committee  in  IT98,  to  consider  the  establishment  and 
eomiitiition  of  hia  Majesty's  mint,  the  result  of  which  was  the  erection  of  the 
present  mint  on  Tower  Hill,  between  1803  and  1810,  with  highly  improved 
machinery,  and  increased  facilities  for  carrying  on  the  process  of  coining  exten- 
•ively  and  advantageously.  The  various  chemical  manipulation*  necessary  for 
reducing  the  metal  lo  its  due  degree  of  purity  previous  to  coinage,  it  is  not  our 
province  lo  enter  mto ;  ve  shall,  theiefore.  proceed  t  ■  a  description  of  the  dif' 
frrenl  processes  of  coining,  after  tlie  melal  has  been  received  in  tbe  melting 
house.  The  usual  mode  was  lo  melt  the  silver  in  black  lead  pots,  and  a  conol- 
derabie  cuioage  of  tokens  for  the  Bank  of  Ireland  was  produced  in  this  man- 
ner.  The  imporlatione  being  entirely  Spanish  dollar*,  and  tbe  tokens  of  the 
same  standard,  the  mvller  cuuld  easily  melt  them  in  quantities  of  60  [bs.  tioy, 
which  was  done.  But  ihe  inconvenience  of  this  mode  was  ultimately  severdy 
felt,  because  ingots  of  silver  of  different  qualities  could  not  be  used  for  coinage, 
from  the  difficulty  vt  blending  atveral  together  in  one  pot  to  produce  the  prajx^r 
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■Mndard  of  our  nionc;.  Thi«  obttBole  <vfts  ao  tevextly  fell  lllB^  in  1777, 
Mr.  Alchome,  then  principal  assay  niBiter,  wu  cDTnmiraioned  by  Gavernmentto 
viiit  tlie  minU  of  Paris,  Biussela.  Rouen,  and  Lille,  for  the  purpose  of  collectine 
infonnacioD  with  leipect  to  the  art*  of  coining  aa  practised  in  those  minti,  and 
more  particular! J  the  most  approved  mode  of  mollmg  silTer  in  large  quantities. 
Alchonie'i  inlimste  knowledge  of  the  English  mint,  together  with  his  ^reat 
acquirements  as  a  practical  chemist,  eminently  fitted  him  for  the  undertaking ; 
and  his  observations  on  the  coin  and  coinage  of  France  and  Flanden,  ara 
alike  creditable  to  his  judgment  and  kDowledge. 

[l  is  recorded  in  the  documeiiti  of  the  mint,  that  at  <he  recoinage  «r 
William  III.  the  pot*  of  ^Iver  weighed  400  pounds  troy,  and  upwards,  and  it 
is  aomewhat  extraordinary,  that  no  trace  of  the  process  by  which  this  wat 
accompliihed  hai  been  found ;  it  is,  therefore,  mere  matter  of  conjecture  that 
pots  of  wrought  iron  were  used. 

In  1T&8,  some  trials  for  melting  silier  in  wrought  iron  pots  took  place,  hf 
means  of  a  blast  furnace,  but  they  were  found  so  iueonvenicnl,  laborious,  and  pn>- 
filless,  as  10  came  the  process  to  be  abandoned.  In  1787,  some  new  eiperimeDts 
were  tried  by  Mr.  Morrison,  (then  deputy  master  end  worker,)  who  conducted 
the  meltings.  A  blait  furnace  was  again  tried  and  again  abandoned.  He  next 
attempted  to  melt  the  silver  in  large  black  lead  pou,  coDtaining  from  100  lbs.  lo 
1 20  lbs.  troy  ;  but  the  repeated  breaking  of  these  pots,  although  guarded  on 
the  outside  with  luting,  proved  a  great  interruption  to  the  busin«s,  and  serious 
loss  to  the  metter.  Trial  waa  likewise  made  with  cast  iron  pots,  but  these  were 
found  subject  to  melt,  and  the  iron  consequently  got  mixed  with  the  silver. 
The  work  too  was  continually  slopped  by  the  king's  assayer,  the  metal  not  being 
of  the  proper  standard,  in  consequence  of  being  refined  by  the  procen  of  melt- 
ing, and  lading  it  with  ladles  from  the  poL 

Great  difficulties  likewise  were  experienced  in  blending  ingots  of  different 
qualities  »o  as  to  produce  the  proper  standard,  the  pots  not  being  sufficiently 
targe  to  contain  the  lai^r  ingots  of  80  to  80  lbs.  troy,  when  blended  together. 
]1  was  therefore  obvious  that  this  mode  of  conducting  the  silver  meliings  was 
exceedingly  defective,  and  was  in  consequence  abandoned.  Experimenta  were 
then  tried  with  a  reverberatory  furnace,  built  afler  ihe  model  of  those  used  in 
the  Litle  mint,  but  with  no  better  success;  and  the  process  was,  as  in  former 
cases,  abandoned.  The  principal  obstacle  here  appears  to  have  been  the  great 
refinement  of  the  silver  in  the  melting,  by  Ihe  oxidution  of  the  allu}'.  In  1 765 
and  1798  further  trials  were  made  by  Mr.  Morrison,  for  the  purpose  of  ovei^ 
coming  this  apparently  iosurmounloble  difficulty.  In  these  experiments  he  tried 
three  Airnaces  of  different  conslruclions,  and  although  be  accomptlsbed  much 
towards  his  object,  there  remained  still  b  serious  imperfection,  arising  from  the 
process  of  dipping  out  tlie  metal  from  the  pots  with  ladles,  which  in  addition  to 
chilling  the  metal,  was  exceedingly  laborious,  and  fraught  with  many  disadvan- 
tages. In  1803  Mr.  Morrison  died,  without  bringing  the  process  of  melting 
silver  la  thai  decree  of  perfection  which,  had  he  survived,  by  the  ftclivily  of  his 
intellect,  great  knowledge  of  hb  subject,  and  unwearied  perseverance  in  its 
prosecution,  lie  would,  doubtless,  have  accomptlihed.  His  son,  who  succeeded 
to  his  illuaiian,  appears  to  have  inherited  his  father's  octiie  and  inlellieent 
mind ;  for  in  a  short  period  he  so  successfully  exerted  himself  for  the  accomplish- 
ment of  the  object  sought  to  be  attained,  that  by  the  conslruclion  of  a  furnace 
adapted  (br  the  use  of  cast-iron  pots,  the  use  of  pots  of  a  sixe  capable  of  melting 
from  400  to  500  lbs.  troy  at  one  charge,  the  adoption  of  such  machinery  as  would 
supersede  the  clumsy  and  wasteful  process  of  lading  the  silver  from  Ihe  pots 
when  melted ;  and  lastly,  the  inlroduction  of  Ihe  use  of  moulds  made  of  cast 
iron,  in  place  of  those  then  used,  which  were  made  of  sand,  the  process  of  mail- 
ing silver,  so  far  from  being  a  laborious,  troublesome,  and  expentive  process, 
became  simple,  and  efficient  in  oiieration,  and  capable  with  ease  of  melting 
lOiOUOlbs.  troy  of  silver  dully.  I^e  illustration  opposite  exhibits  a  perspective 
view  of  the  furnace  at  present  in  use.  A  A  ore  the  fiimacesin  which  the  metal 
is  melted.  1'heiie  are  the  air  (timaces,  built  of  Ore  brick,  in  the  usual  manner 
of  metiing  fbmaces,  but  to  render  them  more  durable,  the  brickwork  is  cased 
in  iron  pUte^  which  are  put  together  by  acrewi,    £  i  are  the  covers  to  (he  fii^ 
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.I...W,  tfMjr  iMlidliaMm  tote  template  by  a  liiifflewrtw  pill  fo 
fm  te  uwiiiii  riJa  «f  tfweofvr  a  handle  «,kixed:  by  piMhiiig  ^k  hndK 
te  €Of«r  MflMffiNllrilfliirqfa  tqpoB  iti  eentre  pin,  wUdileaTM  tlie  tenaeeepen; 
aidkr  k  fitted  to  dift  ^orar.  to  vun  npon  the  top  pbte,  and  render  the  notioa 
aaif.  The  mtitior  of  «mIi  Ibnaee  k  ekcnlar,  30  inchee  deM%  and  21  in 
dkiMler;  te  bottnoi  k  «  gnte  of  cast  kon  ban,  moviMe  far  the  um  pees  of 
ndmilthig  ak.  UjfriMi  &m  gtttit  k  nlaced  a  pedeital  or  itand  of  eaitlron,  ef  a 
eoocava  ihipe^  i»wtod  m  imk  mkk  with  eoke  or  duuneoal  dwt,  npon  trhidi 
titetelrhifpntk  placed-}  dte  pedeital  k  nearly  two  inches  Akk,  and  k  1^ 
tvo  indiee  brenis^  m  dinaater  than  the  pot,  theobjeetof  which  k  to  prated 
te  kb  of  die  pot  from  iShtt  Intense  heat  whkh  the  current  of  air  asoendiiif 
teo^gh  te  giate'wheii  dto  tattaoe  k  at  work  createi,  and  which  might  edier> 
wiseadtft.    On  die  top  er  tUDHlh  of  the  pot,  k  placed  a  nmffle,  wUchka 

aof  dM4M%  dz  indlMi  deep^  node  to  fit  nendy  urto  the  poti  the  nse  of  thk 
b  k  Binlhor  to  diat  and  hi  nwltii^  gold,  to  gtre  a  greater  dqpdi  of  fiiel  in 
te  fimaee  diaa  dw  SMto  iMgtb  of  the  pot,  ana  which  adda  materkHy  in  ntr- 


fiMtingdieproceeB.  lliemniBefikewise,  by  rising  abofv  die  not,  enables  iunte 
of  sflver  to  DO  diarged,  which  are  longer  than  me  depdi  oi  its  interior.  The 
top  of  the  muffle  k  covered  with  a  plate  of  cast  iron,  to  prerent  the  ftid  from 
laOinff  into  the  pot,  and  seeore  the  metsl  fit>m  the  action  of  the  atmonhcric 
air  when  in  fusion.  Each  furnace  k  provided  with  a  flue,  whkh  proceed  in  a 
horisontal  direction^  and  extends  to  the  flue  e  which  k  carried  up  in  a  sloping 
Erection  to  die  stack  or  chimnev. 

When  the  furnace-covers  &  6  are  dosed,  the  cmrrent  of  ak  which  cnttvs 
at  die  grate  aseends  diroogh  the  body  of  the  furnace,  and  causes  the  ftieL  which 
k  ooke^  to  bom  with  great  intend^  around  the  meltiiig  pot  The  degree  of 
beat  k  aconrately  regulated  by  a  damper,  ^xitd  in  the  flue  of  each  furnace. 
When  the  furnace  k  put  to  work,  it  k  lighted  by  some  ignited  charcoal  being 
pot  imon  the  grate,  and  around  the  pot,  (for  the  melting  pot  k  always  in  ite 
place  oelbre  the  firo  k  lighted ;)  upon  the  charcoal  about  three  inches  depth  of 
ooke  k  placed ;  the  cover  h  k  shut,  and  the  damper  k  withdrawn  about  two 
inches.  When  the  coke  k  ignited,  a  similar  ouanti^  k  added«.and  so  continued 
nntO  the  furnace  k  filled  wiUi  ignited  coke.  The  ooject  of  thk  precaution  k  to 
prevent  the  cracking  of  the  melted  vessel  by  boiu^  too  simdenly  heated. 
Before  the  silver  k  charged,  the  pot  k  heated  to  a  briffht  red :  it  k  Uien  care- 
fhlly  examined  to  ascertain  iJT  it  has  successfbUy  widistood  the  action  of  the 
furnace,  or  cracked  during  the  operation.  The  nlver  k  then  placed  in  the  |»ot, 
aecompanied  by  a  small  quantity  of  coarsely  grained  charcoal  powder, — which 
by  coating  the  niner  surface  of  tiie  pot,  prevente  the  silver  fitim  adhering  to  it. 
when  the  sflver  has  attained  the  fusing  point,  the  quantity  of  charcoal  k 
incressed,  until  about  hdf  an  inch  thick  on  the  surface  of  the  sflver,  which 
preserves  it  in  a  great  measure  from  the  action  of  the  atmosphere,  and  prevenu 
that  destraetion  St  die  alloy  which  was  found  so  great  a  difficulty  in  the  earlier 
processes  of  coining.  When  the  silver  k  completely  and  properly  melted,  itk 
0dR«d  w^  Ml  inn  stirrer,  in  order  that  the  whole  may  be  of  one  standard 
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quality.     The  ^ttatl  conbuniog  tbe  mollen  silver  ia  ihen  lifted  from  tlie  fua 
by  nicnliB  ul'  a  powerful  cnme,  to  nhich  are  suspended  hookt,  or  claws,  wtS 
firmly  duicli  lUe  rim  of  the  pot ;  which  brine  raised  a  sufficient  lieii-lil  from 
ihe  furnace,  i*  swung  round  by  the  gib  of  the  crnne,  (hat  it  may  be  brought 
over  the  pouring  machine,  of  the  principal  portion  of 
wliith  the  following  engraving  will  convey  an  adeijuale 
idea.     A  IB  an  axia  lo  which  is  affixed  a  crodlc,  which 
reeeivet  the  pot.     The  cradle  ia  ao  conatrucled  aa  to 
open  and  shut,  and  the  screw  b  drawa  the  paru  together 
till  ihey  fit.     Forming  a  continualion  of  the  principal 
bols  of  the  cradle,  it  the  arched  rack^  C.     When  the 
cradle  ia  in  itt  place,  tlie  raek  is  engaged  by  a  pinion, 
and  can  thereby  be  elevated  to  pour  the  met^  by  means 
of  a  lip,  or  spout,  made  in  the  edge  of  the  pot  for  that 
purpose,  into  the  ingot  moidda.     U  is  the  melting  pot, 
firmly  embraced  by  tlie  cradle,  preparatoi^  to  filling 
the  moulda,  which  me  composed  of  cast  iron,  llie  upper  edge  of  the  moulh 
icing  alipliily  enlarged,  to  facilitate  (he  reception  of  the  metul.      A  row    uf 
these  moulds  ere  placed  in  a  carriage,  and  screwed  tightly  togetlier,  at  llie  latoe 
lime  retting  on  a  plate,  which  can  be  iiuaed  or  lowered,  as  the  difference  of 
aixe  in  moulds  may  require.    The  carriage  is  supported  upon  four  wheels,  and 
runs  upon  a  railway,  by  which  means  (he  nioidds  are  brought  in  rigidar  nic- 
cession  under  the  melting  pot,  which  by  means  of  the  arched  rack  C,  it  lowered 
lo  allow  the  molten  metal  to  escape  freely  until  the  moulds  ore  filled. 

Tlie  next  process  to  which  the  ulver  h  subjected  slier  being  taken  from  (he 
moulds,  is  that  of  flattening,  rolling,  or  latninatine  in  the  rolhng  mill.  For  the 
purpose  of  fflcilitaling  this  process,  the  bars,  or  plates  of  metal,  are  heated  to 
redness,  by  which  a  much  greater  degree  of  extension  la  obtained  bj-  the  aame 
amount  of  power  than  could  be  oiherwiee  aceompliahed.  Gold  bar*  do  not 
require  to  be  >o  treated,  ihey  being  rolled  out  white  cold  with  great  ease,  to  tho 
thinness  of  a  holf-sovereign,  without  the  least  symptom  of  crackings  this  ia 
easily  accuiiiited  for  by  the  difierence  in  the  constituent  particles  of  the  two 
tnelUa—gold  and  silver.  The  rolling  mill  is  put  in  motion  by  a  powerfiil 
steam-engine,  which,  by  a  judicious  and  beautilill  arrangement  of  mechanism, 
causes  two  rollers  to  revolve  in  opposite  directions,  and  then  their  adjacent  nir- 
faces  will  move  together,  betwecD  which  tlie  silver  lo  be  rolled,  or  flattened,  it 
iiitruduced.  Coimected  with  the  mill  there  it  also  a  gauge,  or  scale,  tn  ascer- 
tain the  thickness  of  the  plalea  which  have  undergone  extension  by  means  of 
the  tollers.  It  consists  of  two  steel  rulers  fixed  fast  together  at  <me  end,  Ihe 
other  end  being  a  certain  distance  asunder,  forming  an  opening  between  them 
gradually  diminishing  lo  noiliing ;  ihe  sides  of  the  nilera  are  divided,  end  in 
uhing,  to  determine  the  thickness  uf  a  piece  of  plate,  the  edge  of  the  metal  is 
applied  lo  the  opening  between  the  rollers,  and  the  engraved  divisions  atifv  the 
distance  it  will  go  into  the  opening  before  fitting  light.  Afier  the  completion 
uf  this  process,  it  becomes  necesary  that  ihe  metal  should  be  cut  into  uniTorm 
■lips,  of  a  convenient  width  for  culling  out  the  circular  ^lieces  or  blanks,  which 
are  to  form  the  coin ;  this  width  being  generally  that  of  Iwo  crowns,  two  half- 
crowns,  and  two  thillingi.  This  is  accomplished  with  accuracy  and  preciaioti, 
by  passing  the  metal  between  two  cuttei^  ' 

ulieels,  as  exemplified  in  (he  annexed  illua- 
ttalion.  A  and  B  are  the  circular  cutters, 
the  edge*  of  which  lie  in  dose  contact  late- 
rally, and  overlap  each  other  a  little ;  they 
are  turned  very  truly  circular,  and  are,  on 
the  whole,  eonstructed  with  great  care  and 
nicety.  'Ihe  edges  are  formed  of  hardened 
steel,  and  whilst  revolving,  if  the  edge  of 
any  niece  of  metal  be  presented  to  them,  it 
will  be  cut,  or  divided,  in  the  same  manner 
aa  by  a  pair  of  shears.  C  is  a  narrow  shelf, 
opca  wUch  the  plate  is  supported  when  pushed  forward  to  be  ci 
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giiUc^  fijcid  Upon  tlie  thalf,  agaiiiBt  which  the  edge  of  the  plate  of  metkl  ii 
applied  whikt  it  it  mored  forward  to  the  circular  cutten,  and  which,  hy  being 
noraUe,  determiiie^  by  the  dirtance  which  it  stands  back  from  the  cutting 
c^;ety  or  line  of  contact  of  the  cutters,  the  precise  breadth  of  the  slip  of  metal 
which  will  be  cut  off.  To  sive  these  slips  of  metal  the  exact  thickness  requisite 
before  being  eot  into  b]an£s»  they  are  sulriect  to  a  more  delicate  rolling,  or  are 
drawn  between  dies^  by  an  ingenious  and  efficacious  modification  of  the  great 
roUen^  invented  l^  Mr.  Barton,  the  present  comptroller  of  the  mint 
•  Mr.  Barton  hasy  likewise,  brought  into  successful  operation  a  new  machine 
lor  drawing  the  metal  between  dies,  in  a  similar  manner  to  that  in  which  wire 
^mwiag  ia  aeoomplishedy  by  which  a  greater  degree  of  accuracy  and  uniformity 
ia  obtained  in  the  thickneea  of  the  m^aL  It  is,  however,  necessary*,  before  this 
cncratioo  can  be  aocomplieliedy  that  the  ends  of  the  slips  of  metal  should  be 
tuued,  that  they  may  enter,  with  ease,  the  drawing,  or  elongating  apparatus : 
Ibr  which  pqrpose  tfaev  ara  PMsed  between  rollers,  the  construction  of  whieh 
iSkt  •ttM^^'l  %inre  will  tzplam.  A  is  the  upper  roller i'  B  the  lower,  which  has 
tittneflat  sides;  C  is  the  piece  of  metal  placed  between 
the  rollers ;  D  is  a  stop,  adiustable  in  the  line  of  the 
motioo  of  the  slip  of  metal  C,  which  is  presented  to 
the  rollers  when  they  are  in  such  m  position  that  one 
of  the  flat  sides  of  the  lower  roller  is  opposite  the 
upper,  then  the  piece  of  metal  can  oe  poshed 
nnrard  between  the  two  imtil  prevented  by  the 
stop  D ;  as  the  rollers  then  revolve,  and  the  flat 
side  passes  by,  the  cylindrical  parts  will  take  the 
metal  between  them,  and  roll  it  thinner  at  the  end 
which  is  between  the  stops  and  the  point  of  contact 
of  the  rollers.    This  thin  portion  of  the  slip  of 

metal  is  then  introduced  between  the  dies,  whidi  are  two  steel  cylinden  made 
very  hard  and  true.  These  dies  are  attached  to  one  extremity  of  the  drawing, 
or  elongating  machine,  which  is  provided  with  endless  chams,  to  which  are 
attached  tongs  similar  to  those  used  in  wire-drawing,  which  grasp  the  metal 
slip  with  great  force,  drawing  it  through  the  dies  as  the  endless  chain  performf 
its  revolution.  This  machine,  although  important  in  its  result,  and  apparently 
exercising  a  great  power  of  action,  is,  with  but  little  labour,  rendered  available 
for  the  purpose  for  which  it  was  intended,  by  the  trifling  muscular  energy  exer- 
cised by  two  boys,  who  conduct  itb  operations.  At  the  mint  there  are  two  of 
these  machine^  by  means  of  which  the  pieces  of  metal  are  brought  more  nearly 
to  the  standard  weight,  which  is  an  object  of  considerable  importance. 

The  next  process  to  which  the  silver  slips  are  subjected,  is  accurately  and 
efficiently  performed  by  Mr.  Bolton *s  cutting-out  press,  for  which  he  obtained  n 
patent  in  1790.  This  press  dlfiers  not  materially  from  those  in  use  at  most 
foundries.  Tweh'e  of  them  are  at  the  Royal  Mint,  arranged  in  a  circle  arourd 
a  large  wheel,  which  is  turned  by  a  steam  engine,  and  has  a  fly-wheel  fixed  on 
the  same  axis,  just  above  the  wheel,  to  regulate  the  motion,  the  whole  presenting 
a  pleasing  and  commodious  arrangement  of  machiner}'.  The  rouna  pieces  of 
silver,  or  hlanks,  are,  after  beine  cut  out  by  the  Bolton  press,  carried  to  the 
sizine-room,  where  each  individual  piece  is  adjusted  to  its  standard  weight. 
The  light  pieces  are  selected  for  remelting,  and  tne  heavy  ones  (if  not  consider- 
ably beyond  weight)  are  reduced  to  their  standard  weight  by  raj<ping  their  rui^ 
faces  with  a  rasp,  or  file.  The  accuracy  and  efficiency  of  Mr.  Barton's  machine 
for  drawing  the  metal  between  dies,  has  considerably  abridged  the  labour  of  this 
inelegant  and  unmechanical  process,  llie  pieces  thus  adjusted  are  in  a  state  of 
great  hardness  from  compression  by  the  rolling  and  drawing  processes,  and  by 
which,  in  fact,  a  great  portion  of  their  latent  heat  has  been  squeezed  out  They 
attain  their  sofbiess  again  by  being  heated  to  a  cherry  red,  in  a  reverberator}' 
furnace ;  after  which  they  are  boiled  in  dilute  sulphuric  acid,  which  makes  them 
very  clean,  and  of  a  white  colour.  When  dried  either  m  warm  saw-dust^  or 
over  a  very  slow  fira,  they  aro  in  a  fit  state  for  the  two  next  procestci,  wUch  are 
the  milling,  and  the  coining,  or  stamping. 


The  op«ntion  of  milling  ii  performed  round  ihe  edges  of  the  plecei  of  raopcy 
lo  prennt  their  beiog  clipped  or  liled,  vhich  wu  a  fraud  commonlj  pnctited 
upon  the  tndent  money,  made  before  the  introduction  of  milling  or  lettering 
ruund  the  edge*.  Theconiinicticn  of  the  milling  machine  is  simple,  bat  efficaciou*. 
It  eoniiatiof  two  rulen,  or  ateel  ban,  which  are  accurately  cut,  oi  fluted,  and, 
by  ibe  aid  of  a  aimple  combination  of  mechnnicnl  contrirancei,  90  placed  that 
although  the  lower  one  ii  immovable,  the  upper  haa  ■  horizontal  motion,  earnr- 
ing  the  piece  of  money  with  it,  which  ii  placed  edgeways  between  the  two,  tba 
gn>ove>,  or  flutea,  in  the  ateel  ban,  forming  corresponding  indentatiuna  and 
•levatiooi,  on  the  edge  of  iJie  coin. 

The  neit,  and  laat  operation,  which  remains  to  be  performed  to  complete 
the  proceaa,  is  that  of  itumping  the  efiigy,  or  iinpreasion,  upon  the  hitherto 
Uanlt  piece*  of  tilver.  Thit  i>  acc^miplidlied  by  the  coining  preai,  of  which 
there  are  eight  in  the  Royal  Mint.  They  are  worked  by  a  ateam  engine,  wfatch 
communicaiea  iia  power  from  an  adjoining  room,  by  meant  of  connecting 
mechanical  arrtngementa.  Both  aide*  of  the  piece  of  money  are  itamped  1^ 
one  ftroke  of  the  preaa.  The  blank  piece  of  metal  being  placed  flat  upon  the 
lower  die,  which  1*  immovable,  is  then  forcibly  atruck  by  the  upper  die,  which, 
at  one  stroke,  produces  the  impression.  The  piece  of  blank  earn  ia  contained 
within  a  iteel  ring,  or  collar,  whilst  being  atamped,  whieh  preserves  its  circular 
figure.  There  is,  likewise,  connected  with  this  machine,  a  beautiful  arrangement 
of  mechanical  power,  by  which,  when  one  piece  of  metal  ii  struck  it  will  b« 
removed  and  replaced  by  another.  Thii  is  accomplished  through  the  agency  of 
the  tame  power  which  puts  the  press  in  sction,  and  consists  of  an  arrangement 
of  levers  and  other  mechanical  contrivances. 

The  process  of  coining  is  now  accomplished.  Throughout  this  short  notice 
we  have  mentioned  silver  as  the  metal  coined  into  money  by  the  beautiful  and 
efficient  machinery  lo  which  we  have  directed  the  attention  of  our  readers; 
and,  by  so  doing,  we  have  embraced  almost  every  process  to  which  the  other 
melaU  used  for  the  ume  purpose  are  suhjected ;  the  operadon,  in  every  caie, 
being,  with  a  few  trifling  exceptions,  the  seme.  We  may  now  linily  *aj  that 
the  art  of  coining  has  arrived  at  that  degree  of  perfection,  that  its  farthef 
improvement  has  ceased  to  be  the  object  of  national  importance,  which,  in 
earlier  ages,  it  must  have  appeared.  But  still  there  cannot  be  ■  doubt,  that, 
considering  the  rapid  strides  which  the  physical  sciences  are  making  towards 
perfection,  many  years  will  not  elapse  before  we  may  look  back  upon  tome  of 
those  combinations  of  mechanical  skill  and  ingenuity  which  we  have  been  accus- 
tomed to  consider  as  preeminently  excellent,  as  things  which  have  been,  having 
S'ven  way  to  more  perfect  eSorti,  which,  in  (heir  turn,  may,  perhaps,  upon  the 
scovery  of  some  entirely  new  moving  power,  be  considered  Eumbtoui  and 
unskilful  effortt  of  human  industry. 

MIRROU.  A  turface  of  polished  metal,  or  of  glass,  silvered  on  its  poiteriar 
aide,  capable  of  reflecting  the  rays  of  light  from  objects  placed  before  it,  and 
exhibiting  their  image.     There  are  three  classes  of  mirrors,  distinguishable  bjr 


their  reflecting  surfaces ;  namely,  plant,  concave,  and  r 
of  light  by  imrror*  observes  the  invariable  law,  that  the  angle  which  the  inci- 
dent rays  make  with  the  reflecting  surface  is  equal  to  the  angle  of  reflection. 

MOOIUNGS  arc  an  assemblage  of  anchors,  chains,  and  bndlea,  laid  athwart 
the  bottom  of  a  river  or  harbour,  to  ride  the  sliipping  therein.  These  anchtwr 
have  generally  but  one  fluke,  which  is  sunk  In  the  river  near  tow-water  mark. 
Two  anchors,  being  thus  fixed  on  the  opposite  sides  of  the  river,  are  furnished 
with  a  chain  extending  across,  from  one  to  the  other ;  in  the  middle  of  which 
a  a  large  square  link,  whose  lower  end  terminates  in  a  swivel,  to  which  aro 
attached  the  bridles,  which  are  short  pieces  of  cablet  well  served,  whose  upper 
ends  are  drawn  into  the  ship,  and  secured  lo  the  bite,  &c.  By  these  means  the 
vessel  veers  round  easily,  according  to  the  change  of  the  wind  or  the  tide;  ia 
•oroe  places,  however,  particularly  on  rivers,  each  ship  take*  in  a  bridle  astetti, 
■laos  by  which  the  becomes  moond  head  and  stem. 

MORTAR.     A  cement  made  of  lime,  sand  and  water.     See  Liui. 

UORTAR.     A  strong  hoUow  instrument,  unuJIy  made  of  marble,  Wedg^ 


TG  uulverited  by 
Moitars  unwllj 


MOUTAR. 

[  irsod  fare,  or  meral,  in  uhii-li  hanl  or  brittle  lu 

[  priewnon  or  grinilitig  with  uioiber  inatniment  colled  apatlr. 

I  pulske  of  Ihr  shape  of  on  ioverted  bell,  but  their  form,  capacity,  and  Bolidlty, 

wril  u  the  lualel^dl  of  which  they  are  made,  vary  with  the  object  for 

iich  ihcy  are  nioiiily  deaignod.     Thufc  ihey  may  be  purcha»ed  ready  nude, 

VI  an  inch  lo  eigliLeen  indies,  internal  diameter,  varying  in  weight,  Inim  an 

.   ucc  ur   two,   to  leveral  hundredweight.      Large  mortan  are   lUUaUy  Sxed 

I  upon  a  block  of  wood,  of  iiioh  a  height,  that  the  mortar  may  be  level  with  the 

I  midole  of  the  operator.     When  the  peatle  u  large  and  heavy,  it  ii  •omelimea 

■mpended  by  a  cord  or  chain,  attached  lo  a  rnoveeble  pole  placed  hurilonlally 

'    aliove  the  mortar;  tbii  pole  canaidersbly  relieve!  the  operator,   owing  to  its 

eUiticity  auisling  tlie  railing  of  tlie  peslle. 

In  tli«  annexed  diagram  ii  repreBeiited  a  plan  far  economJElng  (ho  labour  of 

founding  and  lifling,  which  haa  been  reconiinended  by  a  penon  of  practical 

espnience  in  those  operatiooi.     a  and  b  are  two  large  mortan,  containing  ths 

'    nuUerial  to  be  reduced  ;  e  and  d  are  the  peitlei,  with  their  lodi ;  i  aud  /  are 

two  lefen  nupended  al  their  fulcrutni  to  a  liinpje  frame  to  the  ceiling,  connected 


3  the  endi  of  the  pestlei;  and  by  (he  other  end,  in  a 
r  manner,  to  descending  rods  attached  la  treadlei,  which  a.re  operaled 
I  altemately  by  (he  man  in  the  centre  Mepping  from  one  treadle  to  (he 
f  aiber.  In  lhi» 'manner  ■  force  of  150  Ibi,  ii  applied  to  one  end  of  each  lever 
I  In  mccewion.  and  would  consequently  raiie  a.  aimilor  weiglil  a[  the  other,  if  the 
t  fblcruroa  were  in  the  centre.  At  it  is  however,  deiirable  lliat  the  man  slinuld 
I  not  liave  lo  step  up  high  in  lifting  hii  weight  from  one  tteadle  to  tlie  other,  and 


1201b*.  This  toss  of  power,  in  the  first  ir 
for,  \iy  lU*  peilles  being  rai»*d  highi  '  "' 
Telodly.  and  the  incrtawd  moment 


),  is  however  fully  compensated 

. le  space  of  time,  or  with  greater 

with  which  they  (alternately)  itrike  the 
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MOULDS. 


■pringi  ij,  in  the  ceiling,  i«  returned  hy  the  action  of  the  Utter  upon  the  lub- 
■tances  in  the  mortan.  When  one  of  the  pestles  lias  struck,  the  man  steps  off 
Ifaat  treadle  which  operates  upon  it,  on  to  the  other :  the  long  arm  itf  the 
lerer  of  the  former  then  descenda  by  iu  superior  veight,  and  being  jointed 
near  the  extremity,  it  passes  by  the  pin  on  the  rod,  (which  should  have  an  anti- 
friction roller  upon  it,)  by  the  joint  opening,  ai  «liown  in  dolled  lines,  and  after- 
wards doling,  it  locks  itself  under  the  pin.  In  itn  re-aiccnt  it  then  takes  up 
the  rod  and  pestle,  and  allows  them  to  drop  when  it  has  paued  beyond  the 
■phere  of  its  action,  as  shown  on  the  opposite  side,  where  the  lerer  is  exhi- 
bited as  being  just  beyond  the  point  of  contact,  end  the  peslle  a  about  to  return 
to  the  mortar  mrith  aL  its  accumulated  force.  Underneath  each  Ireadte,  a  strong 
■teel  spring  is  fixed,  to  prevent  those  shocks  which  the  man  might  experience 
by  the  treadles  striking  aeainst  the  floor,  after  llie  leTen  have  pused  the  rollers 
on  the  pestle  rod* ;  and  the  reaction  of  these  tprings  is  attended  with  the  funbsr 
advantage  of  assisting  the  man  on  to  the  other  treadle. 

It  is  apparent  diat  by  this  method  of  pounding,  a  surplus  of  power,  amoanl- 
ing  to  about  70  Ibi.  is  devoted  to  the  giving  an  aecelerated  force  to  llie  pestles. 
If  we  (hen  take  away  a  small  portion  of  tliis  surplus  power  for  the  purpose  of 
sifting,  it  may  so  well  be  spared,  ea  to  make  a  scarcely  perceptible  diderence  in 
the  impelling  force  to  the  pestles.  There  are  several  obvious  modes  of  causing 
sieves  to  vibrate  by  this  apparatus.  Accordingly  there  may  be  placed  a  large 
semicircular  sieve  on  a  floor,  with  cords  attached  to  each  extremity  or  corner, 
which  being  made  fast  to  the  ends  of  the  lever,  cause  it  to  rock,  oa  they  are 
alternately  raised  or  depressed.  In  the  drawing,  the  sieve  is  ahown  as  moving 
upon  a  central  bearing  or  pivot;  this  is,  however,  only  another  mode  of  pro- 
ducing the  effect.  The  sieve  is  composed  of  two  parti ;  viz,  k,  wiiicb  contains 
the  material  to  be  sihed,  and  I,  the  receptacle  for  the  resulting  product  or 
powder.     The  situation  of  this  sieve  between  the  two  mortars,  for  receiving 


fixed  to  the  end  of  each  lever,  at  right  angles  with  them,  but  in  an  huriaunlal 
position,  which  it  would  always  maintain ;  and  a  long  range  of  sieves,  lepaiate 
or  connected,  may  be  moved  by  the  same  means,  according  tu  the  length  of 
the  horizontal  rod.  In  the  foregoing  drawing,  many  of  the  subordinate  |iar1s, 
which  every  engineer  knows  how  to  supiily,  are  omitted  to  avoid  complexity. 

MORTAR.  A  piece  of  artillery,  shorter  and  wider  than  a  caunon,  and 
having  a  powder  chamber  less  than  the  size  of  its  bore;  it  is  lued  to  throw 
bombs  and  shells  into  fortified  places. 

MOSAIC  GOLD.     See  Achcu  Mtisivuu. 

MOSAIC  WORK.  Anassemblageoflittle  piecesof glass,  marble,  precio'is 
stones,  drc  of  various  colours,  cut  to  a  determined  psilem  or  design,  and 
cemented  on  a  ground  of  stucco,  in  such  a  manner  as  to  imitate  painting.     Sim 

MAnaUETRY. 

MOTHER  OF  PEARL,  is  that  beautiful  natural  white  enamel,  which  fonna 
the  greater  part  of  the  substance  of  the  oyster  shell,  particularly  the  pearl 
oyster.  1(  is  found  to  consist  of  alternate  layers  of  coagulated  albumen,  and 
carbonate  of  lime. 

MOTHER-WATER,  Ir  the  uncnstoliiMblo  residue  of  a  compound  salina 
solution;  thus  the  liquor  left  in  a  salt  pan,  after  the  salt  is  taken  out,  is  the 
mother-water. 

MOULD.  A  general  term  applied  to  a  great  variety  of  implementa 
employed  in  the  mechanic  arts.  Thus  with  a  shipwright,  a  mould  signifiea  s 
thin  fiexible  piece  ot  wood,  on  which  the  required  curves  of  the  timbers  tat 
truly  cut  out,  Mouldi,  in  the  manuli«;lure  of  paper,  are  the  frames  In  which 
the  sheets  of  naper  arc  moulded;  see  Paper  Mihufacture.  Bulltl  maiiUi, 
are  similar  to  irun  pincers  in  their  handles  and  joint,  but  the  jaws  are  solid, 
each  containing  &  hemispherical  concovi^,  which,  when  closed  together,  form 
an  entire  sphere,  leaving  a  small  Ufle  "'  jet  through  which  the  melted  lead  ia 
conveyed.  Gtaaert'  mou/di  are  of  several  forms,  (or  casting  the  strips  of  lead, 
which  are  afterwards  drawn  throiigh  their  vice.     Candic  moiiidt  hiv  utei  by  tka 


MULLER.  !/V 

taUowcbandten,  Tor  caitiog  ihcir  mould  candles  in.  The  lennmoulJ  is  indeed 
of  Mich  general  application  (a  palti-ma  for  working  by,  tuid  to  variaui  tool)  con- 
Caininc  hollow  CBvities,  either  for  cattiog  in  or  producing  various  forms  by  pec- 
— «ion  or  comprwsion. 

MOIILDINGS.  Any  thing  thai  hai  been  cast  in  a  mould,  or  has  that 
_^pew«ncej  in  architecture,  the  terra  is  applied  to  the  omamenlal  projectiona 
bam  a  wall  or  column,  Sic. 

MOWING  MACHINE.    An  ngrieullurol  implement,  designed  to  supersede 

Ibe  use  of  icytliea  by  hand.     Many  have  been  made  at  diflirenl  limes,  but  the 

jifliculiy  of  adapting  them  lo  the  ordinarv  unevenoess  of  the  surface  of  tlie 

'  Ida,  lua,  we  believe,  caused  their  general  abandonment ;  but  it  is  nol  impro- 

ble  they  will  itltimatety  be  bruiigbi  into  use  in  many  situations.     In  a  model 

'  one  of  these  machines,  which  is  placed  hefora  ui,  a  elrcular  knife  or  knivcl 

e  attached  (o  the  periphery  of  a  wheel,  which  revolvea  hgriiontally  between 

e  running  wheels  of  a  light  carriage  ;  the  axis  of  the  nniiiing  wheels  com- 

antricating  the  motion  to  the  horizontal  cutting  wheel,  through  uie  medium  of 

bevelled  gear.     Tlie  height  of  the  cutting  wheel  from  the  cround  is  regulated 

ky  meona  of  a  lerer  aoif  weight ;  and  the  machine  is  forced  I'urward  by  a  hai^e 

roked   behind  iL      For  mowing  gresi  plots,   a  beautiful   machine  has  been 

loTCDlcd  and  matured  by   Mr.  Budding.      See  Grass  in  the  work ;  also  a 

adel  of  the  machine  in  the  Museum  of  the  Mechaiucal  Arts,  in  Leicester- 

ML'CIC  ACID.  Thit  acid  hu  generally  been  known  by  the  name  of 
aaeeiotaclic,  because  it  was  hnt  obtained  from  sugar  of  milk,  but  all  the  gums 
■pprar  lo  aflbrd  it  recdily. 

MUCILAGE.  A  general  term,  denoting  any  viscid  or  glutinous  liquid  ; 
tet  ehemically  speaking,  it  is  uuderalnod  to  apply  only  to  an  aqueoui  solution 
"*  "unit  or  mucilaginous  eilract  of  vegetables. 

UFFLE.  A  vessel  employed  in  melallurgic  operations.  In  figure  it 
Rjiresenti  an  oblong  aich  or  vault,  the  hinder  part  of  which  is  dosed  by  a  semi- 
HmUar  plane,  and  the  lower  part,  or  floor,  is  a  rectangulur  plane.  It  i>  a  little 
««eD,  that  is  placed  borizonlally  in  aasay  and  enamelUne  furnaces,  so  that  ita 
«pen  side  corresponds  with  the  door  of  tne  lire-place.  Under  this  arched  oven, 
moll  cupeli  or  crucibles  are  placed ;  and  the  lubatances  contained  arc  thu* 

K>ed  lo  intense  heat,  without  contact  of  fuel,  smoke  or  ashes. 
ULE.  A  machine  employed  in  spinning  cotton  and  other  fibrous  mate* 
tiaU.  It  was  invented  by  Ctonipton,  in  177a,  and  was  found  to  produce  finer 
yam  llian  was  spun  by  the  machine  previously  in  use.  For  producing  fine 
thtcads,  a  procesa  analogous  to  that  performed  with  carded  cotton,  upon  a  com- 
"DDU  spinning  wheel,  and  called  ttrttching,  is  resorted  (o.  In  this  operation, 
ponioiiB  or  yam,  sercrol  yards  long,  are  forcibly  stretched  in  (he  direction  of 
ihe'nUoglh,  wilb  a  view  to  elongate  and  reduce  those  parts  of  the  yarn  which 
kate  a  gieiter  diatueler,  and  ure  less  twisted  than  the  oilier  parts,  ■□  ibat  the 
M«  and  twill  of  the  thread  may  become  uniform  througlioul.     To  eBecl  the 

Cw  of  itrrlcbing,  the  spindles  are  inounled  upon  a  carriage,  which  ia  moved 
kisrdt  ot  forwards  across  the  floor,  receding  when  the  threada  ate  to  b« 
•WWW,  and  returning  when  they  are  to  be  wound  up.  The  yarn  produced  hy 
"■jU  ■pniiing  it  more  perfect  than  any  other,  and  is  employed  in  the  fabrication 
«  tkettiHt  articles.  'Hie  sewing  thread,  spun  by  mules,  ia  a  combination  of 
'•0,  tw,  or  »ix  threads.  Threads  have  been  produced  of  such  fineness,  that 
■  P«nd  at  cotton  baa  been  calculated  lo  reach  IG7  miles.  Sec  Cotton  and 
■""Jiao. 

*"II-LEH.  a  tool  employed  for  holding  or  grinding  »ubilBncea  upon  a 
■J"^  The  I  lass-grind  en  thus  call  the  instrumenl  used  tor  grinding  their 
P^**!  *hich  consists  of  a  round  piece  of  wood,  about  six  iuchea  long,  lo  one 
™»f»lili;hiscenieuled  the  glass  lo  be  ground,  whelher  convex  in  a  basin,  or 
*^;«  in  a  sphere.  For  grinding  colours,  the  niullcr  is  of  .lone,  and  is 
'"^"l' employed  upon  aflat  slab  of  stone;  as  may  he  seen  in  most  painter*' 
^"^ nlgotn.^*.  ,K..n.       «»  \^„,r.„„^,,^,  ,,nr.„  ihig  nlnn  WM.   however,  intro- 


■tlver  medal.  As  this  macliine  i>  said  to  have  b^en  proved,  by  many  yean' 
experience,  to  be  more  eflectual  and  expeditiotu  in  grinding  colour  to  ihst 
extreme  Rnenea  required  by  ■rtiit^  and  lo  be  leu  prejudicial  to  the  henlcli  of 
the  wurltmnn,  we  shall  here  add  a  descriplion  of  it. 

Tlie  mnchitie  connists  of  a  tliort  cyhnder  of  bUck  marble,  1>H  incliei  in 
diatneler,  and  41  in  thickiieis,  turned  vertically  on  iti  axii  by  meaiK  of  a  wincli. 
A  concave  piece  of  marble  is  provided,  of  the  same  hreadlh  ai  the  circular 
M»n«,  and  forming  a  segment  of  the  same  circle,  one-third  of  the  circuni  fere  nee 
in  extent ;  this  segment,  which  may  be  considered  n<t  the  muUer,  ii  fitted  into 
■  (olid  piece  of  wood  of  a  similar  shape,  one  end  of  which  is  secured  by  a  bing^ 
or  otherwise,  la  the  frame :  the  other  end  rising  over  the  circulnr  stone,  and 
supported  by  it.  is  fnrther  pressed  down  on  it  ibj  a  long  spriug  bent  orer  froia 
the  opjiosite  extremity  of  the  stand,  and  regulated  as  lo  its  pressure  by  a  screw, 
whose  end  turns  against  the  concave  muUer.  A  slight  frame  of  iron  in  froo^ 
moveable  on  a  liinge,  supports  a  scraper,  farmed  out  of  a  piece  of  watcb- 
,  spring,  which  takes  off  the  colour,  and  is  turned  back  out  of  tbe  way  when  turt 

MURIATIC  ACID.     See  Acin,  Murhtic. 

MUSK.   A  strong  perfume,  obtained  from  an  animal  of  that  name 

MUSKET.    -Die  fire-arm  of  the  common  soldier. 

MUSKETOON.     A  short  thick  kind  of  musket ;  also  called  a  blunderbuss. 

MUSLIN.  A  fine  sort  of  cotton  cloth,  first  imported  from  India,  but  now 
for  ihe  most  part  manufactured  in  this  country. 

MUST,    I'be  un fermented  juice  of  (he  grape. 

MYltRH.  A  gummy,  resinous,  concrete  juice,  which  issues  by  incision,  and 
sometimes  spontaneously,  from  the  trunk  and  large  brancbei  of  a' tree,  growing 
in  Arabia,  and  Egypt,  especially  in  Abysuni*.  It  eoasists  of  one-llurd  resis, 
and  tno-tiurds  gum. 


NAILS  are  small  spikes  or  pegs  of  metal,  usually  of  iron,  ezlensivel]'  lued 
in  building,  and  generally  in  the  constnicLive  arts.  From  the  immense  qu*a- 
litiei  of  nails  made  in  tliis  country,  the  manufaclure  may  be  deemed  one  of 
first-rate  importance;  for,  in  tlie  neighbourhood  of  Birmingham  alotie,  upward* 
of  60, OOG  persons,  men,  women,  and  children,  are  occupied  in  their  production ; 
and  many  of  the  iron-work*  in  the  same  district  fiimisb  from  1 00  to  200  torn 
weekly  of  "split-rods,"  of  the  i-arious  fiizes  and  qualities  required  in  the  malting 
of  the  noils  (see  Iron).  The  workmen  who  forge  the  nails  are  called  "  nailorej 
women,  hoys,  and  girls,  are  likewise  employed  in  the  same  lund  of  work ;  and 
it  it  very  common  to  see  a  whole  family  working  together.  Each  individual 
nsually  confines  himself,  or  herself,  to  a  certain  peculiar  class  of  nails,  who,  conse- 
quenify,  acquires  a  great  degree  of  expertneis  and  celerity  in  their  production, 
not  to  be  equalled  by  those  nailors  who  have  been  habituated  to  forge  other  kind*. 

Under  the  article  FoaoE  we  have  given  a  drawing  and  a  description  of  « 
nailar's  forge  of  the  most  improved  description ;  we  hove,  therefore,  only  lo 
notice  the  other  toots  employed  in  the  art.  These  are,  a  small  steel  anvil,  which 
is  inserted  in  a  massiFe  block  of  cast-iron;  and  this  latter  is  usually  imbedded 
in  slack,  so  that  the  steel  anvil  only  is  seen.  Tbe  hammers  used  ure,  of  coune, 
proportioned  in  weight  to  tlie  size  of  the  nail,  and  the  shapes  vary  conuderably, 
according  to  the  ideas  of  the  workmen  ;  but  they  are  usually  the  frustrums  of 
cones,  tbe  smaller  ends  of  which  constitute  their  fnces;  the  planes  of  which  ata 
not  parallel  to  the  handles,  but  inclined  to  them.  A  nailor  keeps  constantly  several 
rods  in  the  lire,  which  he  takes  up  in  succession  as  they  become  hot,  so  as  uot 
to  have  to  wait  for  a  heat.  When  the  shank  of  the  nail  ha*  been  drawn  out 
to  the  required  form  and  length,  it  is  nearly  cut  olT  the  rod  by  striking  it  over  a 
fixed  chisel,  and  ii  then  inserted  into  the  heading  tool,  from  nliicb  the  tod  is  then 
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NAILS. 


■  detailed  description  of  all  the  varietiei  we  have  named  would  be  ti 
uninIrrtsliRg  lo  tbe  penerHllly  of  readera;  but  impressed  with  [he  u        .,_. 
lllititjr  of  more  iaformatioD  Uiaii  we  have  already  given,  ve  BhoU  proceed  lo 
a  very  condenied  and  systematic  view  of  their  peculiaritiei  and  uiet. 

It  baring  been  explaiufd  bow  the  varioui  ainei  and  thickllPisci  are  diitin- 
guiahed,  it  will  only  be  neceuary  to  sbow  the  principal  distinguitbing  fonui, 
without  regard  to  actual  dimcniuant.  For  convenience,  therefore,  tlie  sevoal 
kind]  delineated  in  the  following  engravings  are  repreienled  oi  of  one  siie; 
and  the  wordi  printed  above  and  under  eacii,  are  tbeii  proper  names. 


Tbe  fir>l  deicribed  kind,  ron-tharp,  are  very  extensively,  and  almMt  univer- 
sally, used  for  coopering,  fencing,  and  a  great  variety  of  coarse  purpoees,  in 
which  hard  wnod,  luch  ai  oak  and  beecli,  are  used.  There  la.  however,  a 
thinner  sort,  called  fine-raie,  of  waieh  prodigious  Quantities  arc  sent  to  Canada 
and  other  parts,  which  ai«  used  in  pine  and  other  soft  woods,  their  broad 
spreading  heads  being  calcuUted  to  hold  tbe  work  down.  The  roee,  with  flat 
or  cbtsci  point*,  are  employed  in  preference  to  tlie  sharp,  where  the  wood  is  id 
danger  of  being  tp'~t  by  the  driving  in  of  the  ihnrp  points,  which  act  li 
wedges,  while  those  with  flat  points  being  driven  wilb  ibeir  edges  acrois  the 
grain,  prevent  the  upblting  effect,  and  hold  faster.  For  these  reasons  spiket  are 
uniformly  made  with  flat  points,  from  4  lo  12  inches  in  length,  unlets  ordered 
to  the  contrary,  for  the  Brazil  market,  or  other  parts  of  the  world,  where  th*y 
may  be  required  fo»much  bard«r  woods  than  any  of  our  own  country. 

Of  tbe  third  sort,  c^oip,  there  are  three  distinct  thicknesses, — line,  bastard, 
and  strong :  and  of  each  numerous  siies.  Those  nails  are  those  ciimmunly  UMd 
by  the  London  and  other  house-carpentors,  in  deal  and  similar  woods ;  lh«ii 
heads  are  made  projecting  downwards,  so  thai  when  they  are  driven  home 
flush,  their  heads  slick  into  the  wood  and  clasp  it  together,  thus  checking,  to  * 
certain  extent,  any  dliposition  in  the  wood  to  split  open ;  iheir  beads  are,  in 
smooth  work,  driven  below  tbe  lurrDce,  so  us  sAeiwards  to  admit  a  plane  over 

Of  tbe  fourth  sort,  thai,  there  are,  also,  three  thicknesses  a(  ihe  furm  of  that 
shown;  namely,  fine,  basturd,  and slrong:  besides  numiroua  sites.  They  ara 
much  used  for  nailiug  inm  work,  and  various  substances  to  wood:  they  have  • 
flat  circular  head,  round  ahanki,  and  sliarp  points. 

There  is,  however,  another  kind  of  cloul,  extrnaively  used  by  wbeelwririita 
and  smiths,  called  ceuttUr-elota,  the  form  of  which  is  delinealed  in  lh«  fiftli 
illiistTalian,  which  shows  that  they  have  coimter-sinks  under  their  heada,  and 
chisel  points;  lliey  are  usually  made  of  (ongh  iron,  lo  bear  the  battering  they 
receive  in  nailing  down  the  stout  iron  work  for  which  they  ore  designed  ;  thej 
are  made  fi-om  1  inch  up  to  4  inches  in  length,  and  of  any  required  thickness. 

Thealitb  ligure  of  the  fnregoing  skelcbea.  is  denominated  jSnr-ifiw.  in  conlia- 
distinction  to  ttrong,  or  utightg-dog,  the  dilTerence  being  merely  in  their  propor- 
d^natethickncasi  tbcsc  are  made  from  UlaSinehegbng,  andareusedfursiniiUt 
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Qat-iron  naiU.  Thete,  from  their  great  tiriitie'ieu-  Me  appiictU*  Is 
comparatively  fev  piirpoiei.  «ucli  at  gBrdeii'WBlli,  (be  lathing  of  p1aitei«l^ 
ccmrse  ihoca  and  Wits,  &c. ;  and  tliey  are  desirable  for  those  purposes  inetel;^ 
uti  Bceouul  of  their  (Treat  clieupncsa.  it  should,  hovever,  he  observed,  that 
cast-iron  nails  nre  made  of  tbrei;  distinct  qualities,  two  of  wljich  ste  produced 
by  aimealiDg  processes  subBequenl  lo  that  of  catting.  In  the  stale  the  naila 
GoDie  from  the  moulds,  tliey  nre  so  exlrcnuely  brittle  w  to  be  only  applicable  to 
thoet,  and  tliose  only  of  llie  very  small  short  kinds,  called  sparrow-bills.  Tbe 
cast  nails  for  the  use  of  plasterers,  aa  well  os  those  for  garden-walls,  and  ihoM 
of  tiniiloT  sizes,  undergo  a  proceu  uf  annealing  lo  prevent  their  flying  into 
pieces  on  being  driven  by  a  hammer.  'I'lie  best  sort  of  cast-iron  nails  are  calletl 
"  malleable  ca^t-irun,"  from  their  sclunlly  being  rendered  partially  to  by  a  long 
coiitinued  proceti  of  annealing;  but  the  metal  used  for  this  purpose  is  very 
pure,  having  been  deprived  of  the  grenler  pan  of  its  carbon.  It  is,  however, 
only  a  few  torts  of  amall  nails  of  tliit  kind,  such  as  lacks;  that  have  stood  the 
tetl  of  eiiperience;  the  annealing  process  having  the  eflect  of  not  merely 
deitroying  the  brittle  quality,  but  of  rendering  Uie  metal  nearly  a*  soft  as 
copper,  and,  consequently,  not  luSicienlly  stiff  (or  the  purtH»es  designed.  AU 
Bllempti  to  combine  in  cast  iron  nails  the  properties  of  adequate  stiffueM  free 
from  brittleness,  having  foiled,  the  manufacture  of  ad  or  pressed  iron  nails  by 
macliinery,  from  ifaeets  of  wrought  iron,  hat  been  resorted  to,  and  it  has  been 
attended  with  considerable  success. 

Cut  or  pressed  imti  Noi^.  — Sheets  of  rolled  iron,  of  the  tliickneu  of  the 
intended  nails,  are  cut  into  strict  or  ribands,  that  are  in  width  equal  lo  the 
length  of  the  intended  nails;  being  then  held  horizontally,  with  a  flat  tide 
upwards,  the  ends  are  pushed  in  a  slide  against  a  regulated  stop,  under  a  culler, 
fixed  to  ■  powerful  lover,  or,  at  is  generally  the  case,  to  the  lower  extremity  ttl 
a  fly-press,  which  cult  off  a  portion  conttiEuting  a  brad,  or  nail.  In  making 
bradt  or  spriga,  which  have  no  heads,  and  are  merely  wedge-formed  pins,  the 
ttrip  of  iron  is  turned  upside  down,  attematety,  at  every  cut,  which  keeps  ihe 
[nclinalion  of  the  angle  of  the  cut  uniform  ihrouglinut  the  length  of  the  strip 
of  iron  without  any  waste.  In  making  brads  with  half-heads,  or  bills,  the  strip 
of  iron  it  kept  with  the  same  side  upwards,  and  the  position  of  the  cutter  it 
alternately  reversed  by  making  a  half  turn  backwards  and  forwards ;  thus  an 
formed  two  Ulkd-hraat  out  of  one  poioUelogram.  To  make  this  matler  under- 
itood,  we  add  the  anneiied  illui- 
tration : — a  represents  a  strip  of 
sheet-iron,  which  is  passed  between 
two  guides  b  b  sgainst  the  stop  c; 
"'  e  line  dd  marks  the  din    "'        * 


.  which  may 
have  descended 
iion  e,  forming  a 
ea  thill  if 


ned  njiside  down,  and  pushed  against  the  stop 


■he  edge  of  the 
be  supposed  ' 
and  cut  off  a  i 
brad :  it  will  i 
the  strip  o  be  i 

tion/will  take  the  place  and  positiun  of  e,  and,  consequently,  be  cut  offby  the 
next  descent  of  the  cutter  dd;  and  thus,  by  repeatedly  turning  the  strip  over 
and  back  again,  and  pushing  it  forward  every  time  with  one  hand,  whde  lbs 
other  is  occupied  in  working  Uie  lever  of  a  fly-press,  the  brads  are  foimed  with 
^eat  rapidity.  It  will  be  seen,  likewise,  on  reference  to  those  lines  mariced  g 
in  tlie  ugiire,  tliot  they  represent  two  bradt,  with  half-heads,  or  bills,  which, 
bring  placed  in  tliat  manner,  head  la  point,  it  is  obvious  that,  by  turning  the 
cutter  hulf-way  round  alternately,  they  will  be  cut  both  alike,  out  of  one  paral- 
lelogram, as  represented.  Except  for  making  the  larger  kind  of  cut  naiu,  the 
itrengili  of  boyt  and  women  is  fully  competent,  who  are,  cor.sequenily, 
employed  in  most  manufaclDries,  each  of  them  working  a  distinct  press ;  ai)d 
headleu  nails  are  thus  made  by  each  worker  with  nearly  the  rapidity  and  regu- 
larity of  the  ticking  of  a  watch.     Ingenuity  has,  however,  devised  much  mora 
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of  leaves  t  k :  tlii'  axis  move*  vertically  in  ft  groove,  as  sLown  bj  dotted  liuM  in 

the  central  cheeks  of  the  swingiiig-frame ;   llie  IpBvei  A  i  are  connected  by 

hinges  lo  the  boxes  1 1,  which  are  supported  by  the  rocking  itandards  in  n;  than 

boxes  contain  the  moemg  cuttcn  «  n,  which  are  kept  in  their  places  by  screws 

(not  shown) ;  on  the  inclined  faces  of  this  gauge,  the  rods,  or  strips,  of  whidi 

the  naitn  or  brftili  are  farmed,  rest  t  r  r  are  filed  cutters  in  the  end  cheeks  of 

■  swinging-frBine,  and  rcUined  in  tlieir  places  by  acrcwa  it;  la  frame  attached 

to  the  fixed  frame,  and  catryine  the  cross-barf,  sliown  on  a  largec  scale  by  the 

■nnezed  lig.  2 ;  ur  is  one  of  the  guide  rod*  booked  on  the  cross-bar  e,  and 

screwed  up  to  a  beam  above ; 

X  B  perforated  weight  sliding 

upon  IF,  having  its  lower  end 

hollowed  lo  receive  the  ends 

of  the  hnr,  or  stripy,  of  which 

the  brads  are  mude.     This  bar 

slides   down   alter  every   cut 

against  tlie  edge  of  the  fixed 

cutter   r,  and  reals  upon  the 

sorface  of  the  gauge  g,  which 

determines  the  breadth  of  the 

nail  i    then  the  leaf  k  forces 

forward  the  box  t,  containing 

the  cutler  n,  which  cuts  off  the 

iron  in  a  right  line  with  the 

plane   of   the   under    surface 

of  the  oppo^te   cutter  r.     x, 

Fia.  1,  is  a  band'wheel  fur  communicating  motion  from  the  prime  n 

a  loose  pulley  at  its  side  for  throwing  tlie  machine  out  of  action. 

ne  action  aftJie  madwu  it  aifiMom: — By  the  revolution  of  the  axis  d,  the 
eccenliic  upon  it  forces  the  BHinging-franie  c  into  an  inclined  position;  the 
crank  on  the  axil  at  the  same  time  acting  upon  the  rod  r,  draws  the  leaves  kt 
into  a  horiiontal  position,  and  thereby  furces  the  movable  cutters  n  n  forward 
i^ainsl  (he  fixed  cutters  r  r,  dividing  obliquely  the  aCrips  of  iron  placed  between 
them  in  their  progress,  the  same  as  if  cut  by  shears ;  tiie  brads  thus  formed  Cdl 
down  the  inclined  surface  of  the  gau^,  and  are  received  in  a  box  beneath. 
The  oppoiite  vibration  of  the  switiginii-frame  makes  a  second  cut,  and  thus  on 
both  sides  of  the  machine  (though  represented  only  on  one  side)  a  series  of 
rods,  or  strips  of  iron,  aie  placed  in  a  line,  all  of  which  are  cut  twice  at  every 
rev<Ju(ton ;  thus,  supposing  eight  rods  or  strips  (the  number  used  by  the 
patentees)  are  appliifll  to  each  pair  of  cutters,  32  brads  are  cut  at  every 
revolution  of  the  axis ;  of  course  a  considerable  power  being  necessary  to  do 
this,  thai  of  a  steam-engine,  or  water-wheel,  is  to  be  employed  in  this  machine, 
in  preference  to  manuar  labour.  The  ends  of  the  cutters  ore  only  brought  into 
view  in  the  figure ;  theae  are,  however,  of  greater,  and  may  be  of  any  required 
length,  to  cut  a  given  number  of  brads  at  a  time,  ai  may  suit  the  power  of  the 
engine,  and  other  circumstances,  it  will  now  be  seen,  that,  by  tlie  patentee* 
employing  Iodk  continuous  cutters,  and  causing  them  lo  take  an  opposite  inclined 
position  at  each  vibration  of  the  swinging-frame,  a  number  of  brads  are  cut  at 
once,  without  moving  the  rods,  which  drop  down  to  the  slop  on  the  gauge  as 
Ibey  are  euL  By  the  former  mode  deacribeil,  with  tlie  fly-preaaea,  the  cutter 
movea  always  in  the  same  plane,  and  the  iron  is  turned  round,  or  inchned, 
instead.  In  cutting  that  species  of  brads  with  heads,  the  patentees  employ 
cutters  with  gapi  leli  in  their  edges,  and  the  croas-bar  d  has  slits  in  it  lo  receive 
the  rods  g,  and,  instead  of  being  fixed,  receives  an  aitemating  side  motion  from 
the  frame. 

For  the  purpose  of  hta£ng  the  nails,  the  shanks  made,  as  already  described, 
aie  usually ^>rought  under  the  operation  of  a  heavy  hammer  head,  which  is  lifted 
firom  its  work  by  a  spring  pole,  like  a  turner's  throw,  and  is  brought  down  upon 
it  by  ■  pedal,  workeil  by  a  woman,  sitting  down  before  a  little  bench ;  in  front 
of  this  Dench  is  fixed  a  pair  of  clams,  wnich  are  opened  and  shut  by  lh< 
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Clipper  nul-maker  funuihes  himself  from  the  capper  wire-Jraorr  nilb  tqhort 
mre  of  the  lizei  of  the  intended  nails.  Suppoae,  for  inatsnce,  he  ha>  to  m&ke 
some  rose-clench,  two  inchei  long;  he  take)  the  iquare  copper  "tire  of  tbe 
required  tliickneis  of  the  noil,  and,  bj  means  of  his  fixed  shears,  he  cub  tlie 
irirc  into  lengths  of  about  2  inchei  and  ,^  ;  the  ^  being  required  to 
form  the  head.  Thef  are  all  cut  exactly  of  a  length,  by  the  wire  being  puihed 
against  a  stop  before  it  is  cut ;  this  stop  is  fixed  to  the  block,  and  is  adjustable 
to  any  required  distance  from  the  edge  of  the  shears.  The  only  tools  necessarj 
to  complete  these  pieces  of  wire  into  nnils,  are  a  strong  smith's  rice,  a  hammer, 
nnd  a  pair  of  dains,  designed  to  hold  irire  of  the  size.  The  javs  of  these 
clams  open  by  a  spring,  and  are  closed  by  eompreasing  the  jaws  of  the  vice ; 
when  so  cloied  they  leaTc  a  cavity  between  them,  which  is  occupied  by  a 
piece  of  the  copper  wire  before  mentioned,  j^  of  which  project  above  the 
upper  surface  of  the  clams.  The  workman  then,  with  one  or  two  blows  of 
his  hammer,  drives  the  wire  firmly  to  the  bottom  of  the  groove  made  between 
the  clams  (or  against  a  stop  placed  therein) ;  this  has  the  eSeet  of  spreading  out 
the  bead  suSicieiitly  to  receive  four  nore  blows  struck  around  it  In  an  iudiiied 
direction,  which  produces  four  facets,  meeting  at  the  top,  called  a  loie-head: 
then,  by  turning  the  handle  of  the  vice,  the  jaws  of  the  clams  open,  the  nail  ia 
taken  out,  and  another  piece  of  wire  substituted  to  repeat  the  heading  operaliDD 
described.  It  is  obvious,  that  by  the  same  tools,  and  a  ditferent  application  of 
the  bemmer,  a  flat,  a  diamond,  or  olber  formed  head,  mRy  be  made.  To 
■tieagthen  the  heads  imderneath  the  upper  edges  of  the  clams  are  sLghtly 
countersunk  ;  and  in  order  that  a  single  pair  of  clams  may  do  for  earioui  lau/tit 
of  one  sized  wire,  the  groove  is  made  the  depth  of  the  longest ;  and  for  any 
nail  of  a  shorter  length,  a  piece  of  wire  is  dropped  in  the  groove,  as  a  stop,  of 
nicli  a  length  as,  with  the  intended  nail,  to  111)  the  groove  entirely.  Should  the 
nails  thus  mode  be  required  with  flat  points,  they  are  flattened  by  a  few  hlova 
upon  an  anvil,  in  the  cold  state.  Copper  in  the  cold  stale  is  worked  under  the 
hammer  with  about  the  same  facility  as  iron  at  a  cherry-red  heaL 

NAPHTHA,  or  Roce  Oil,  is  a  yellow  or  brownish  bituminous  fluid,  of  strong 
penetrating  odour,  greasy  lo  tlie  touch,  and  so  light  as  to  float  on  alcobot.  By 
exposure  to  the  air  it  thickens  into  the  substance  called  petroleum.  There  are 
copious  springs  of  naphtha  at  Baku,  on  the  shore  of  the  Caspian  Sea.  There 
are  also  at  Pltchford,  in  Sbropsbire,  extensive  beds  of  sandatonc,  saCuraled  with 
thi*  fluid,  whit^  is  separated  from  the  stone  by  distillation,  and  is  sold  under 
the  name  of  Betton's  British  oil.  The  Russians  and  Persians  use  naphtha  inter- 
nally, as  a  cordial.  Naphtha  bums  with  a  brilliant  white  flame,  and  is  Iberefore 
much  used  in  lamps,  both  at  home  and  abroad, 

NAPIER'S  BONES,  or  N^ifiek's  Rods,  are  certain  instni  men  Is  invented  liy 
Lord  Napier,  for  performing  some  of  the  fundamental  rules  of  arithmetic,  Inr 
lui  easy  mechanical  process.  They  may  be  made  of  bone,  ivory,  hom,  wood, 
pasteboard,  or  any  other  convenient  material.  There  are  five  of  them,  and  the 
face  of  each  is  divided  into  nine  equal  parts,  each  being  subdivided  by  a 
diagonal  line  into  two  triangles.  In  these  compartments  or  squares  the  num- 
bers of  the  multiplication  (able  are  mscrted,  the  units  or  right-hand  figure! 
being  placed  in  the  right-hand  triangle,  and  the  lens  in  the  left. 

NAPLES  YELLOW,  is  prepared  hy  calcining  lead  with  antimony  and 
potash,  in  a  reverberulory  furnace.     See  Paintino. 

NATRON.  The  native  carbonate  of  soda.  It  is  found  in  vast  abundance 
ID  the  lakes  near  Alexandria,  in  Egypt. 

NAUTICAL  INDICATOR.  For  finding  the  laUtude,  loDgitude,  and  raria- 
tion,  invented  hy  James  Hunter,  member  of  the  Glasgow  Philoiophical  Society. 
The  indicator  consists  of  a  stand,  supporting  a  circular  plate  of  polished  brait, 
about  14  inches  in  diameter,  representing  the  horixon,  and  marked  and  num- 
bered accordingly  with  the  proper  divisions.  This  horizon  is  surmounted  by  a 
•rmicircular  plate,  as  a  men^an,  set  at  right  angles  to  the  plane  of  the  horizon- 
tal plate,  properly  divided,  and  furnished  with  an  index  attached  to  a  nonius, 
indicating  mmules.  This  meridiui  plate  is  cut  out  at  the  centre  to  allow  mora 
for*  pivot,  orhmge,  for  other  parti  of  the  indicator.  On  ouc  side  of  this  mendian 
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mn  placed  two  qiudnnte,  aai  on  the  other  side  one,  limilariy  divided  u  Ih* 
nendian,  and  furnished  with  ■  similar  index  and  nonius.  TheK  quadFUita  an 
movable  on  a  pivot  or  hinge,  rising  perpendicularly  from  the  centra  of  tlia 
horizontal  plate,  or  ageing  to  tlitt  centre ;  they  are  singly  movable  00  tiia 
pivot,  but  capable  of  being  attached  ac  any  relative  distance,  and  reliiilied  in 
that  ricaatioa  by  a  screw,  binding  togeibcr  tails  attached  for  that  purpoM.  Tv 
the  east  and  west  points  of  the  burizonlal  plate  is  attached  a  horary  cbnle, 
divided  into  hours,  &c.  This  horary  circle  represents  the  doily  path  of  the  mn, 
and  It  may  be  furnished  with  a  nonius,  as  other  parts  are.  This  circle  ii  M 
sItBched  to  the  honioDtal  plate,  that  it  can  be  moved  parallel  to  it  (□  init  tba 
sun's  declination  ;  this  is  effected  by  the  circle  being  attached  to  two  tangent 
plates,  which,  by  grooves,  slide  on  the  pnHections  from  the  horizontal  [date  bj 
ineaos  of  screws  passing  through  and  working  in  these  projections,  and  carry — 
the  tangent  plales,  and  with  them  the  horary  circle,  to  the  degree  of  the  m 
declination.  This  d^ee  is  indicated  on  a  scale  of  tangent  divisions  on  uis 
tangent  plates ;  and  as  such  tangents  are  of  various  lengths,  an  expanding  ver- 
nier is  utod  lo  adjust  theoi.  Its  expansion  is  effected  by  biction  wheelj,  and 
*prings  Korking  against  a  proper  curve. 

NAVE.  Die  central  boH>,  or  hui,  as  it  is  in  some  pUces  called,  of  »  whed, 
through  which  the  axletree  passes,  and  which  receives  the  ends  of  th^  ipokei 
in  deep  mortices  made  therein.  Allliough  the  naves  made  of  wood  are  vmaUy 
of  great  solidity,  these  parts  are  so  subject  to  strains  and  concussions  as  not  to  M 
so  durable  aa  the  mass  of  material  might  lead  one  to  suppose.  In  conseqnenM 
of  this  defect,  a  patent  was  taken  out  some  years  ago  for  making  this  part  id 
cast  iron,  which  has  been  extensively,  and,  we  doubt  not,  advantageoiulf 
adopted. 

NEEDLES.  Well  known  little  instruments,  usually  mode  of  steel,  pMiitad 
at  one  end,  and  perforated  at  the  other,  to  receive  a  thread,  for  sewiiw  with, 
fitc.  The  processes  of  manufacturing  needles  have  been  much  varied,  Mt  the 
following  account  combines  the  most  recent  improvements. 

Steel  wire  of  the  size  required,  ailer  having  been  annealed,  is  cut  from  Am 
coils  into  lengths  of  four  or  five  inches  ;  these  are  gathered  up  into  cylindrical 
bundles  of  three  ur  four  inehcs  in  diameter,  ever  iht  ends  of  ivhich  are  paised 
two  ttout  iron  rings,  and  more  wim  in  their  curved  state  are  forced  amongst 
thoM  in  the  btmdle,  until  the  rinn  are  tightly  packed.  This  bundle  is  laid  upon 
an  iron  slab,  and  over  it  a  bar  ofirMi  about  two  feet  long  is  placed,  transverseljr 
between  the  two  iron  rings;  the  workman  then  takes  hold  of  each  end  of  the 
iron  bar,  and,  presnng  it  agauut  the  bundle  of  wires,  he  roll*  the  latter  back- 
ward! and  forwards  over  the  iron  dab  until  every  steel  wire  in  the  bundle  becomet 
peiftctly  straightened.  These  wires  are  nest  pointed  upon  a  grindstone  nmning 
dry.  In  thii  operatioD,  the  workman,  sitting  aitiide  befiire  the  stone  on  a  block 
shaped  like  a  saddle,  takes  up  20  or  30  wires,  laid  side  bv  tide  acrae*  a  small 
wooden  nder,  covered  with  wfl  leather,  another  similar  nuer  being  laid  over  the 
needlca  to  confine  them.  The  workman  hold*  the  rulers  in  his  luuds,  and  thai 
presenting  the  wires  to  the  grindstone,  pranti  them  with  great  dexteti^,  each 
wire  reroTving  whilst  in  contact  with  the  stone.  After  pomting,  the  wires  are 
eut  off  the  length  of  the  required  needle*.  The  next  operation  i*  flattenmg  a 
Httie  the  ends  that  have  to  receive  the  eyes.  This  is  efiected  by  a  workman 
taking  three  or  four  pieces  of  wire  between  his  finger  and  thumb,  placing  them 
upoD  an  anvH,  and,  striking  one  blow  upon  each,  expand*  the  ends  sufficientlj 
to  receive  the  point  of  the  pimch,  which  pierces  the  eye.  This  the  same'  person 
does,  before  he  lays  them  down,  with  a  small  instrument  fixed  on  the  same 
block  a*  that  to  which  the  handle  i*  fixed.  The  end  of  the  needle  is  placed 
in  a  small  notch  in  the  bed  of  the  instrument,  and  is  put  exactly  beneath 
Ae  punch,  and  a  slight  stroke  of  the  hammer  punches  the  eye,  and  at 
dte  same  time  form*  the  semicircular  groove  near  the  eye  of  the  needle, 
to  bory  the  thread.  The  notch  which  receive*  the  needle  is  made  in  a 
piece  of  steel,  which  fits  into  a  dove-tailed  natch  in  the  bed  of  the  initrument, 
■o  that  it  can  be  changed  for  a  larger  or  smaller,  correspondent  to  the  tiie  of 
lb*  BMcUcs  to  bt  picnsed.  Then 
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as  he  did  for  Qutdng ;  and  placing  them  one  by  one  lucceiiiFely  in  th?  notch  in 
the  bed-piece,  piercea  them  through  by  a  tingle  blow  of  hia  hummer  in  the  end 
of  a  slider,  which  recoils  to  iu  ronner  poaitioii  by  the  reaciioD  of  a  ipring-  Me 
liow  places  the  next  needle  under  the  punch  ;  and  when  lliey  are  all  pierced  id 
thi>  manner,  he  rolU  them  uver  by  moving  hli  thumb,  so  as  to  turn  tiiem  all 
half-round,  and  bring  them  upwards  on  the  opposite  aide  to  that  which  «*» 
pierced ;  this  being  done,  he  repeats  the  punching  on  the  other  side  with  a  view 
to  fijiish  and  clear  the  eye,  and  to  complete  the  groove  which  there  is  in  oil 
needles.  Thej' are  now  ruundcd  at  ilie  eve  end  to  take  off  the  roughneas, 
which  is  effected  in  an  instant  by  applying  ttiem  to  a  grindstone. 

In  making  the  larger  kinds  of  needles,  the  grooves  are  formed,  and  the  eyei 
pierced,  by  a  Blnmp  and  fly-preas.  A  piece  of  ulre  of  the  length  of  two 
needles,  and  pointed  at  bulb  ends,  ii  placed  exactly-  in  the  middle,  upon  a  sUrS 
die,  having  the  form  of  the  eye  groove,  &c.  projecting  from  its  surface;  and 
over  this  die  Is  suspended  anotlier  exactly  similar,  so  that,  by  means  of  a  blow 
from  the  stamp  hammer,  the  two  needles  between  the  diei  are  exactly  impresacd 
on  both  sideB  with  the  grooves  already  mentioned.  The  piece  of  pointed  wire 
is  then  in  a  similar  manner  placed  under  a  fly-press,  where,  by  means  uf  two 
very  deliciite  irteel  punches  falling  over  corresponding  holes  in  a  die,  (he  two 
eyes  are  instantly  pierced  with  great  precision.  These  needles  are  then  divided, 
and  the  heads  corrected  with  a  smooth  file.  During  these  openitiona  the 
needles  have  become  more  ot  less  crooked;  tbese  are,  therefore,  placed  in  file* 
on  a  smooth  metal  plate,  and  with  an  iron  rolled  until  they  are  straight. 

The  next  processes  are  hardening  and  tempering.  To  eflecl  these,  the 
needles  are  placed  Eeverol  thousands  tpgeiher,  covered  with  ashes,  in  s  eoM-iroQ 
box,  and  healed  in  a  close  furnace  to  a  cheny  red,  when  the  box  u  withdrawn, 
and  its  contents  dropped  into  a  tub  of  cold  water ;  they  are  next  taken  out  of 
the  water,  and  placed  upon  an  iron  plate,  kept  neatly  red  hot  by  means  of  a  fire 
underneath ;  here  they  are  carefully  distnbuted  about,  so  as  to  heat  tbem 
equally,  and  until  they  acquire  the  blue  tinge,  when  they  are  immediately 
removed.  Some  manufacturers  make  use  of  oil  or  tallow,  and  other  ingre- 
dients, uiatend  of  water,  which  substances  are  supposed  by  them  to  improve  the 
process.  The  needles,  thus  hardened,  are  returned  to  the  furnace  wii^i  the  oil 
upon  them,  and  remain  there  till  the  oil  inflames,  when  they  are  witlidrawn 
and  again  cooled  in  cold  water.  This  second  iiroccBS  tempers  them ;  at  first 
they  were  quite  hard,  and  so  brittle  as  to  break  with  llie  BUghteat  (ouch;  (he 
tempering  renden  them  tough,  yet  sufficiently  hard  to  take  a  good  poinL 
When  they  are  hardened  in  water,  according  to  the  former  method,  it  is  con- 
sidered that  tlie  proper  heal  for  tempering  uem  can  only  be  determined  by 
long  experience  and  observation ;  hut  that  ^le  flaming  of  the  oil  detemiiuea  the 
precise  temperature.  If  the  needlea  be  now  examined,  many  of  them  will  be 
found  to  have  become  crooked  in  the  hardening;  these  are  discovered  by  rolling 
them  over  as  lliey  lay  in  rows  on  a  board,  and  such  arc  selected  and  matjs 
straight  by  a  blow  in  a  notch  in  a  small  anvil  for  the  purpose.  In  some  manu- 
factories llie  needles  are  next  pointed  and  fitiished;  in  others,  where  the  pointing 
has  been  already  effected,  the  next  process  is  that  called — 

Scouring. — In  this  process  the  needles  are  piled  in  rows  many  tiers  deep,  and 
in  several  parallel  rows,  upon  u  piece  of  buckram,  or  stout  cloili,  which  is  salu* 
rated  with  oil  and  fine  emery.  The  needles,  after  they  are  deposited,  •!« 
also  sprinkled  over  with  flour  of  emery  and  oil,  when  the  whole  mass,  conuining 
from  10  to  S0,000  needles,  is  tightly  rolled  up  aud  well  hound  at  both  ends. 
Several  of  such  rolls  are  operated  upon  together  by  a  kind  of  mangle;  a  stoitt 
plank  being  laid  upon  the  rolls  of  needles,  which  is  loaded  with  heavy  weights, 
and  made  tu  traverse  hackwords  and  forwards  for  two  or  three  diiys,  Duriiie 
this  time  sevetal  successive  wrappers  have  been  completely  worn  out,  wliigfa 
have  been  replaced  by  new  ones,  with  fresh  charges  of  oil  and  emery,  and 
sometimes  soft  soap.  At  the  end  of  Uiree  daji  they  arc  thus  made  very  bright 
tni  clean. 

In  the  next  operation,  colk-d  heading  and  pickir.g,  the  eyes  of  all  the  needUa 
are  placed  in  one  direction,  aud  all  the  points  in  another ;  and  all  the  needle* 
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whh  broken  e^a  or  points,  are  nicked.  lleM  i^»enttion*  are  tuuaUy  perfbrnMd 
by  children  with  a  dexterity  and  rapidity  that  can  onlj  be  acquired  by  pnclioe. 
llle  needles  ore  placed  aidevsys  in  a  lieao,  on  a  table  in  Iront  of  tbe  operator. 
The  cbijd  puts  on  the  forefinger  of  its  rigbt  band  a  amall  clotb  cap,  <a  fioger- 
ttalt,  and  colling  from  ihe  heap  l>am  six  Co  Ivelve  needle),  it  keepi  tbem  down 
by  the  forefinger  of  the  lefl  hand,  whilst  it  preue*  the  forefinger  of  tbe  ri^t 
hand  gently  against  the  ends  of  the  needlM;  thoie  wbich  have  their  point* 
towards  the  right  hand,  stick  into  the  finger^4tall ;  and  the  child,  remoTing  the 
finger  of  the  left  hand,  allans  the  needles  sticking  into  the  dotb  to  be  slightly 
taued,  and  then  pushes  them  towards  Ihe  left  aide.  Those  needles  which  bad 
tbeii  eyes  on  the  right  hand,  do  not  stick  into  the  fingerstall,  and  are  pushed 
to  tbe  heap  on  the  right  side  previous  to  the  repetition  of  the  procew;  each 
moTement  of  the  finger  cairying  five  or  sis  needles  to  iti  proper  heap. 

The  finishing  operatioD  to  ^c  best  needlei  connsti  in  what  is  termed  blue 
pointing,  in  allusion  to  the  dark  pnlish  upon  them ;  this  is  eflected  by  a  revolting 
stone,  of  a  bluish  colour,  against  which  tbe  iiMdlee,  sereral  at  a  time,  ai* 
■pptied.  Afler  this  they  are  made  up  into  little  packages  of  from  25  to  100 
each,  and  lahelled  for  sale. 

The  needles  which  have,  of  late  yrars,  been  to  much  pnffed  br  tbe  vendon 
as  "  wairanted  not  to  cut  Ihe  thread  "  and  to  be  "  gold-ejed  and  "ailTer- 
ejred,"  are  made  the  tame  as  other  needles  with  these  trifling  variBtions  ; — the 
ajrea  of  the  farmer  being  produced  by  dipping  them  into  an  ethereal  solution  of 
gold ;  bat  the  eye*  of  me  latter  ha*e  not  a  particle  of  silver  laid  oTcr  them, 
OM  ailTety  hna  upon  them  being  produced  by  a  peculiar  kind  of  polish.  The 
"driOed^cd  needle*"  do,  however,  poises*  the  merit  of  being  less  disposed  tff 
ent  dM  thnad ;  the  eye*  of  these  are  made,  at  fint,  in  the  usual  way,  and  tia 
aftanfardi  finiibed  l^  a  drilling  counter-sink,  which  improve*  them  materially ; 
andtheated  being  softened  to  enable  the  drill  to  cu^  they  rarely  suitor  break 
m  the  na. 

Pathitg-H'*^lt*i  bodHnt,  %«. — Some  yean  ago  a  patent  was  taken  out  tat 
makiitf  needle*  of  this  kind,  by  Mr.  William  Bell,  of  Walsall ;  and  ai  the 
tnatm&ctnre  erf'  them  has  ever  since  been  continued  with  success,  we  shall  elo*e 
the  present  eabject  by  subjoining  that  gentleman'*  brief  specification  verbatim. 
"The  method  by  which  I  make  needle*,  bodkins,  fish-hooks,  knitting-pin*, 
netting-needles,  and  sail-needle*,  is  by  casting  them  with  steel,  or  common 
fiwible  iron,  called  pig  or  cast-iron,  into  moulds,  or  fltiks,  made  with  fine  sand ; 
or,  otherwise,  1  make  stocks  or  moulds,  of  iron  or  itee),  or  any  other  compo- 
■ition  capable  of  being  made  into  moulds ;  on  which  stocks  or  motdds  I  sink, 
mgiave,  or  stamp,  impressions  of  the  said  articles.  Into  these  I  pour  my 
mrited  iron  or  steel  (I  prefer  for  my  purpose  sand  costing},  and  prepare  my  iron 
or  tted  as  follows ; — I  melt  it  in  a  pot,  or  crucible,  in  small  quantities  about  tbe 
veight  of  twelve  pounds  {and  upwards  to  twenty  pounds),  the  more  con- 
veniently to  divest  it  of  its  heterogenous  particle*,  and  to  purify  it  from  it* 
earthy  or  sulphureous  qualities.  When  the  iron  has  attained  •  proper  beat,  I 
take  charcoafdust,  mixed  with  lime  or  common  salt,  which  I  throw  into  the 
pot  of  melted  iron ;  and,  bj  frequently  stirring  it  with  an  iron  rod,  I  bring  to 
tbe  imface  of  the  iron  a  scoria,  which  I  frequently  skim  off,  and  thus  bring  my 
iron  into  a  refined  state ;  I  then  pour  it  into  the  mculd  before  described.  The 
article*  being  thus  formed,  are  capable  of  being  softened,  hardened,  or  tempered, 
in  the  nsaal  way,  by  which  needJe*,  bodkin*,  fish-hooks,  knitting- pins,  netting- 
needle*,  and  sail'needles,  have,  heretofore,  been  manufactured;  therefore,  the 
principal  merit  of  my  Invention  is  in  casting  them  instead  of  making  them  in 
tbe  nnial  way." 

NET.  A  tnlli*-like  fabric  of  threads  or  cord*,  chiefly  used  fnr  entrapping 
bh,  birds,  and  other  ■nimals.  The  term  is  likewise  applied  to  a  particular 
branch  of  manufacture,  of  a  fine  open  texture,  usually  applied  to  the  purposes 
of  dreH.  The  making  of  the  former  description  of  net  is  an  easy  process.  The 
mil  iw**ij  tools  merely  consist  of  wooden  needles,  of  difierent  siie*,  some  roup^ 
and  olbci*  flat,  a  pair  of  round-pointed  and  flat  scissars,  and  a  wheel  to  wind 
off  the  thread* ;  the  strength  of  the  packlbresd,  of  which  the  net  is  composed 
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tinged.  A  green  colour,  which  ii  tometiinei  deilrable,  it  obtained  by  chopping 
•ome  wfaest,  and  boiling  it  in  water,  and  then  aoakuig  the  net  in  the  tinetuic. 
A  yellow  colour  ii  obtained  bj  the  lame  proceu,  luing  the  decoclioD  of  eelan- 
dine,  wbicb  give!  a  pale  straw  colour. 

Hr.  Alexander  Buchanan,  of  Paiiley,  lonie  jean  ago  invented  an  {ngeDiom 
machine  for  wearing  an;  deaoiption  of  net-work  without  kaatt,  and  Itkewiae  la 
allow  the  hole*  or  metbet  of  the  net-work  to  I>e  enlarged  or  dimiuiihed  at  the 
pleanira  of  the  operator.  The  annexed  engraring  will  caniey  en  adequate 
idea  of  thii  machine.  A  fi  C  D  Tepreaenta  a  irooden  itaud,  vgon  which  an  iron 


ftuB*  EFGH  b  (npported  at  each  corner;  in  this  frame  theie  are 
wheel*  12345  6  7  that  pitch  into  each  other/  itlm  Rr  3. 

an  eontiQuatioDi  of  the  azii  of  the  wheela  numbered  — 

135  7;  upon  the  endt  of  the  axii  thus  continued,  cir- 
cular pieces  of  wood  I  K  L  M  are  fixed,  of  which 
^.  SuarepreKntation.  The  other  wheeli  2 4 6  are 
introduced  in  order  that,  when  the  machine  ii  put  in 
motion,  thoee  numbered  I3S?  may  revolve  m  the 
■ame  direction,  aa  it  ii  neceaaaiy  that  the  parts  of  the 
machine  attached  to  the  axis  of  these  ihould  do  ao. 
Into  each  of  the  circular  piece*  of  wood  four  groove* 
are  cut.  which  allow  the  ihuttlea  die  Je/;  A  to  *lids 
out  and  in,  at  the  circumferences  of  the  circular  wood*, 

hut  prevent  them  liom  coming  out  when  drawn  in  adirectiontowardaR;  the  nae 
octfaegrooTMiatoallowiheahutllea  to  be  moved  from  one  ciKular  wood  loanothec 
in  (tsKing  the  threada  to  form  meehei  of  the  net-worik  In  our  figora  tbo  dreular 


^Tm 
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«(K>d>  ftie  Kpreucted  ai  turned  half  raiuid,  lo  shaw  die  grooves  and  ihuttlei  in 
them.  The  pima,  or  bobbins,  of  vhich  one  end  is  coDsiderftblr  thicker  than  Iha 
tMber,'are  provided  with  grooves,  vhiFh,  when  the  bobbb  ii  placed  in  itx  proper 
wtQBtion.  admiU  a  spring,  which  acts  as  acounlerpiirtto  a  weight  suspended  &om 
the  ends  of  the  threads ;  each  of  iheoe  springs  must  be  individually  so  strong 
that  their  aggregate  strength  nill  prevent  the  weight  Iroin  drawing  ibe  ibreadl 
off  the  pitns,  and,  at  the  same  time,  sufliciently  weak  to  allow  thelbreads  to 
come  easily  off  the  pirns  when  drawn  by  the  operator.  Into  the  centre  whee; 
4  another  pilches,  having  the  same  number  of  teeth  ;  this  wheel,  which  cannot 
be  represented  in  the  figure.  Is  filed  to  one  end  of  the  iron  rod  O  P,  at  the  other 
end  of  which  a  handle  N  is  attached  ;  bj  this  handle  the  machine  is  put  in 

Having  now  given  a  general  description  of  Mr,  Buchanan's  machine,  ws 
ed  lo  the  method  of  using  it.  The  pirns  or  bobbins  having  bc!<n  previoualf 
vith  thread,  or  with  aii;  other  material  of  which  the  net-work  is  to  ba 
composed,  are  placed  on  the  shuttles.  The  ends  of  the  threads  arc  then  coU 
leeted  and  tied  together;  alter  which  ihey  are  put  through  a  ring  that  U 
laiteiied  on  the  top  of  the  gudgeon  S,  and  abo  through  a  hole  T  in  the  sole,  or 
wooden  stand  ;  a  weight  is  then  suspended  bj  the  threads,  the  use  of  which  U 
to  prevent  them  from  entangling.  It  must  be  observed,  however,  that  befora 
the  machine  is  put  in  motion,  the  shuttles  occupy  the  proper  grouves;  this  ii 
illustrated  in  Fiij,  1,  where  the  shuttles  a  &,  in  the  circular  wood  I,  occupy  the  Ural 
and  third  grooves ;  those  of  K  occupy  the  second  and  fourth ;  those  of  L  the  first 
and  third :  and  those  of  M  the  second  and  fourth.  The  operator  then  commence! 
weaving  the  net-work  by  turning  the  handle  at  N  ;  the  size  of  the  meshes  of  tba 
net-work  be  increoies  or  diminishes  at  pleasure,  by  turning  the  handle  a  greater  or 
leas  number  of  times.  The  wheels  are  thus  made  to  levalvc  in  the  iron  &ame,  tha 
circular  pieces  of  wood  like  wise  revolving  in  consequence  of  the  continuation  of  iha 
axil  of  four  of  the  wheels,  by  means  of  which  the  threads  that  proceed  from  tha 
shuttles  of  each,  are  twining  round  each  other.  The  twist  made  by  this  move- 
ment is  made  fast  by  the  operator,  who  puts  a  fingec  of  his  left  hand  between 
each  pair  of  threads,  and  with  his  right  hand  inserts  horizontally  the  clearer,  which 
is  a  thin  piece  of  wood,  shaped  like  a  paper  cutter,  between  each  pair  of  threads, 
drawing  both  his  hand  and  the  clearer  towards  K,  at  which  place  it  is  prevented 
going  any  farther  by  a  knot.  He  then  removes  liis  hand,  leaving  the  clearer  to 
keep  the  twiit  tight,  and  crosses  the  threads  to  form  the  meahes.  This  ia 
efteted  bj  moving  the  shuttles  from  one  circular  wood  to  another,  which 
operation  resemble*  and  effects  exactly  the  same  object  aa  the  croaong  of  tha 


pina  in  working  lace;  the  sbuttlei  oT  the  middle  circular  wood*  are  cbangad 

fint     Those  of  the  circular  wood  K,  occupying  the  second  and  fourth  ktooth, 

Dved  into  the  second  and  fourth  grooves  of  the  circular  wood  L,  whUa 


those  of  L  are  shifted  into  the  first  and  third  moves  of  K;  this _. 

forms  half  a  meih.  The  operator  then  turns  the  handle  the  same  number  td 
timaa  ai  formerly  to  twist  the  other  side  of  the  mesh  that  is  abeady  half- 
fotmed.  This  bemg  dime,  and  the  twist  made  tight  by  the  method  juat 
expluned,  the  threads  are  again  croased,  which  is  efleeted  by  moving  tha 
ahntllea.  By  the  first  moving  of  the  shuttles,  those  of  the  circular  woods  K 
were  shifted  into  the  eorresponding  grooves  of  L,  and  etes  vend ;  so  that  bf 
ihiftin|g  tkem  tn  the  present  instance,  those  which  originall;^  occupied  L  an 
moTcdinto  I,  and  those  that  originally  occnpied  K  into  M;  this  operation  com- 
pletca  other  two  meahes :  thus,  by  twining  and  crossing  the  threads,  anjr 
quaati^  of  net-work  may  be  wove,  the  operator  drawing  more  thread  off  the 
pnia  aa  tha  former  quantity  b  used. 

NICKEL.  FA  white  metal,  which,  when  pure,  is  both  ductile  and  malleable, 
and  m^  he  forged  into  very  thin  plates,  whose  cdour  is  intermediate,  hetweeH 
that  of  tiher  and  tin,  and  is  not  altered  by  the  air;  it  is  nearly  aa  hard  aatiion. 
Ita  necifte  gnvi^  is  S.2T9,  and,  when  forged,  8.666.  The  species  of  nickel  oraa 
an  jti  aOoT  iritb  atsniic  and  a  little  sulphur,  and  its  oxide.  Tha  first  is  tha 
mNt  abtmaan^  and  the  one  from  which  nickel  ii  usually  extracted.  Itisknowa  , 
at  alHtwle^iito  by  the  German  name  of  kupTemickel,  or  Use  copper,  from  itt    j 


NITROGEN. 

cotoui  and  nppcarance  ;  it  occun  generallj  msisive  and  diiiemtiiB[«d ;  iU 
colour  ii  copper  led,  of  various  ihsdei.  By  tbe  eipcrunenU  ibal  have  b*«u 
made,  nickel,  in  ils  pure  ilate,  potoesaei  a  magnelic  power.  The  effect  of  iha 
magnet  on  it  ii  little  inferior  to  that  nhich  it  exerts  on  iron ;  and  the  metal 
itiself  becomes  magnetic  by  friction  with  a  ma^et,  or  even  bj  beating  with  a 
hammer.  Magnetic  needlea  have  been  made  of  it  in  France,  and  have  been 
preferred  to  those  of  steel,  as  rcsiBting  beticr  the  action  of  the  sir-  The  nicfctl 
prcaerves  its  magnetic  property  nbrn  alloyed  with  copper,  though  it  is  lomr- 
vbat  diminished  i  fay  a  Email  portion  of  arsenic  it  it  completely  deitroyed. 
Nickel  ia  fusible  at  ISO"  of  Wcdgirood,  and  forma  alloy  vilh  a  niunber  of 
metali.  Nickel  is  fomid  in  Comviil],  and  in  some  other  counties  of  England  ; 
in  Germany,  Sweden,  France,  Spain,  and  several  parta  of  Aaia.  'ITie  Chitieae 
employ  it  in  making  vhile  copper ;  and,  in  conjunction  with  copper  and  zinc, 
they  manufacture  it  into  various  kinds  of  children's  toys.  Nickel  girea  • 
certain  degree  of  whiteness  to  iron ;  it  is  used  with  advantage  by  some  of  ths 
Birmingham  manufactiiren,  in  combination  irith  that  metal;  and,  hy  othen, 
in  combination  iciib  braaa.  If  it  were  possible  to  discover  an  easy  method 
of  working  nickel,  there  can  be  liltle  doubt  hut  it  would  be  found  very 
Tsluable  for  surgical  instruments,  compass  needles,  and  other  arliclea,  since  il  ia 
not,  like  iron,  liable  to  ruil.  Oxide  of  nickel  ia  used  for  giving  colours  to 
enamels  and  porcelain :  in  different  mixtures  it  produces  brown,  red,  and  graaa- 
green  tinU. 

NITRATES.     Compounds  of  the  uitric  acid,  with  various  wliRable  boaet. 
NITRE.     The  usual  name  given  to  a  combination  of  the  nitric  actd  with 
potash.     See  Acid,  Niraic. 

NITROGEN.  A  simple  or  undecomposed  gaseous  substance,  was  first  dii- 
tinguiahed  by  Dr.  Rulherford,  in  1772.  It  is  sometimes  called  oiote,  from  iu 
inability  to  support  animal  life  ;  but  it  is  commonly  designated  nitrogen,  frDm 
jta  being  an  eiaenlial  ingredient  in  lilttic  acid.  It  constitutes  four-fifths  of  lh« 
volume  of  the  atmosphere,  and  may  therefore  b«  procured  by  nbslracling  Iba 
oxygen  from  atmospheric  air.  It  may  be  conveniently  prepared  by  burning  k 
piece  of  phoiphoraa  in  a  jar  fbll  of  air,  inverted  over  water.  The  Dhoipborus, 
on  account  of  its  strong  affinity  for  oxygen,  will  abilract  it  from  the  miiture, 
and  the  vessel  will  become  filled  with  a  while  cloud,  which  is  the  pyTophtM- 
phoric  acid.  In  about  half  an  hour  this  will  subside,  and  the  residual  goi  ia 
nitrogen,  contaminated  with  a  liltle  carbonic  acid  and  vapoUr  of  phoipliorus, 
both  of  which  may  be  removed  by  agitating  them  nilh  a  solution  of  pure 
potaah.  A  solution  of  proloavitphale  of  iron,  charged  with  biiioxide  of  nitrogen, 
will  separate  the  oxygen  from  common  air  in  a  few  minutes.  A  stick  of  phos- 
phorus placed  in  it  will  accomplish  tlie  same  in  twenty-four  h aura.  Nitrogen  gas 
may  also  be  obtained  by  exposing  a  mixture  of  fresh  muscle  and  nitric  acid  tu 
a  moderate  temperature.  Effervescence  occurs,  and  a  lari;e  quantity  of  nilrogen, 
mingled  with  eatbonie  acid,  is  evolved,  the  Utter  of  which  may  be  removed  by 
agiialion  with  lime  water.  Nitrogen,  when  pure,  is  a  colourless  gsa,  devoid  of 
either  smell  or  taste;  it  does  not  hum,  and  extinguishes  all  burning  bodiea 
immersed  in  il;  it  does  not  change  the  blue  colour  of  vegetables;  no  animal 
can  live  in  il,  yet  it  exerti  no  injurious  influence  on  the  lungs  or  other  parts  of 
the  animd  lyatem,  the  privation  of  oxygen  being  the  sole  cause  of  death. 
Water,  when  deprived  of  air  by  boiling,  takes  up  about  one  and  a  half  per  cent. 
of  it.  Ila  apecihc  gravity  ia  .9732 ;  and  therefore  lOO  cubic  inches^  at  a  mean 
temperature  and  pressure,  will  weigh  30.1S  grains.  Id  the  combination  of 
nitrogen  with  oxygen  in  the  atmosphere,  it  seems  merely  to  moderate  or  dilnto 
the  oxi'geu,  90  as  to  render  its  action  less  energetic.  Considerable  doubts  have 
eiisled  as  to  its  sinH>le  nature,  in  consequence  of  experiments  made  with  the 


talvuiic  battery.  When  ammonia  (which  is  a  compound  of  nitrogen 
hydrogen)  is  aubmitted,  in  conjunction  with  mercury,  to  tlie  action  of  saTvai 
an  amalgam  is  fornitd,  which  is  considered  to  arise  from  some  metallic  b* 
the  hydrogen  or  nitrogen  ;  but  aa  the  idea  of  a  meta.lic  base  to  hydrogen  tetmi 
precluded  hy  reason  of  Its  extreme  liglilnesa,  it  has  a^en  inferred  that  it  must 
uf  the  nitrogen.   This  supposition,  however,  seems  incapable 


OAR.  1M 


«f  proof,  ks  tha  cotutituenti  of  tb«  aiji>Tg&m  « 
's,  hjrdrogen,  and  mercury,  m  loaci  as 


Ibnning  a  variety  of  campounds,  distinguished  bj  itrikiiig  pMvUmtiM.     WUk 

oxveeu  are  formed  the  nitrous  and  nitiic  ojiide,  and  the  nnM-nitooni,  niliaui, 

'With  chlorine  sod  iodine  it  rurnw  the  eUcnide  and  iodide  of 


nitrogen,  and  with  hydrogen  it  forma  ■mmoniii.  Our  limjto  will  permit  u 
give  but  a  brief  accouot  of  these.  The  nitrous  oxide,  or  protoxide  of  nitngai, 
waa  discovered  by  Dr.  Prieitley  in  1772,  who  called  it  da^ilogiitioBtad'iiilnNia 
wr.  The  best  mode  of  procuring  it  is  by  means  itf' nitrate  of  MnoKmia.  WIwb 
lliii  tail  ia  eipoied  to  a  temperature  of  400°  or  500"  Fahr.  it  Uquefiaa,  and 
bubble*  of  cas  begin  to  eacane,  and  in  a  shcot  time  a  ha^  enerreNenea 
eniues,  nhich  continues  till  all  the  «alt  diaappeara.  The  nitrate  of  »i«niiiMV 
ahould  be  contained  in  a  glasa  retort,  and  the  beat  of  a  lamp  ^^diad,  lo  aa  to 
maintUQ  a  moderately  rapid  evolution  of  gas.  In  aocorala  experimenla  ttie 
gai  must  be  received  over  mercury  ;  but  far  ordiiunr  poiuoeei  It  msj  be 
received  over  water.     It  has  a  aweet  taste,  and  a  £un^  m -i— .   —i  ?_ 


iiun7  poiueeei 

1^  urnabla  od 

Moatanbatu 


abaorbed  by  its  owu  volume  of  recently-boiled  « 
it  with  ttr  ([teatet  energy  than  in  the  atmondiere ;  but  the  moM  remaffcaUa 
ofita  pcopaiSealaita  eflwtwben  ree^red.  Aaw  dcopimpntionaaralbllaved 
hf  die  meet  unrecaUa  fceUnga  of  excitement,  limlbr  to  du  tmdj  atogea  of 
intakatioD.  lliia  ii  ihewn  by  a  atrong  jmiptmity  to  hn^iter,  bj  ■  r^id  . 
flow  ot  livid  ideaa,  and  an  nnuMial  di^outioo  to  DHMCular  OMfticn.  naae 
tM^Bgi  aoon,  however,  anbaide,  and  the  pMaan  recoreia  bia  ord^iaty  itato 
wiAout  entneneinK  tliat  laaguoi  which  m  Iha  Dioal  reMilt  of  ezeitemeBt  bgr 
aphftnoBa  uqnora.  It  Tatlea  somewhat  in  iti  <Aeta  on  difibnnt  lu^ridoal^ 
Hid  wmetimei  produoe* diaa^reaaUe  ijiufiluiia.  The  wpadSegmrity  of  dila 
gaa  ia  U277;  and  100  cubic  incbei  weigfa  47^7  gmma.  iBeUuoxUoof 
nibann,  or  nitric  oxide,  ii  beat  obtainad  In  the  aecina  <^  nitric  acid  of  ipodSo 


acid  ia  formed 
^    .  with 

forma  the  liquid  nitroui 


nibapeii,  or  nitric  oxide,  ii  beat  obtainad  ^  the  aeCino 
mntr  1 J  en  metalUo  oiqi|i«r.  Briak  eServeeomeo  entoea,  and  the  gM  maj 
M  cndacted  orer  water  or  meroury.  Tha  uiBric  oxide  ia  a  coUmrleM  gaij  bat 
when  mixed  with  ox^gep  or  atmoapheiic  ur,  denaeraSbcating,  ataitte-colaimd 
Tapour  of  nitroua  acid  ia  produced.  Few  inflammable  aubatancea  Mm  m  it; 
charcoal  and  pboaphoroui,  nowever,  when  in  virid  combnation,  btun  in  it  wiA 
increaaed  briluanejr.  It  if  tparinsly  abaorbed  by  water,  does  not  redden  vega- 
table  bines,  and  ia  quite  irreapirable.  100  cubic  inches  weigh  32.3  graina,  and 
ila  spedfic  gravity  la  1.0416.      The  hypo-nitroua  acid  lias  not  hitherto  been 

obtained  in  a  ftee  itate,  but  combined  with  jxiiaah.    Pure-'" -^  =- ' ■* 

br  the  mixture  of  binoxide  of  nitrogen  with  oxygen  gas 
either  water  or  mercury.  When  condensed  in  water,  it  foi 
add. 

NORIA.     See  HrnaAnLio  Micnma. 

NITTGALLS.  ExcreaeencM  formed  on  the  lenTe*  of  the  oak  by  the  puuo- 
tntc  of  an  inaec^  which  depoaila  an  ^g  upon  them.  Tlie  beat  galb  of  emn- 
merce  are  thoae  imparted  fiom  Aleppo ;  they  aro  cliiefly  need  by  dyers,  ealica 
ptinten^  and  ink  moken,  and  are  peculiarly  rahiable  on  acconat  of  their 
ridmcM  in  ***'"^"  and  the  gaOic  acid. 

NUTMEG.  The  kernel  m  a  lar|;e  fhii^  not  unlike  the  produce  of  the  miriatica. 
'Rm  natmtg  ia  aeparated  ftom  itaui*esti«it  coat,  the  mace,  before  it  appear*  in 


o. 

OAKUU.    The  subatance  into  which  old  ropea  are  reduced  when  lb*7  are 
nitwisted,  looiened,  and  drawn  anmder.     It  u  used  chiefly  for  caulking  the 

■    OAR.    A  long  piece  of  timber,  flat  at  one  end,  and  round  or  aquare  at  the 
Otbai.  need  to  pr^d  a  Teaael  through  the  water.    The  flat  pari,  which  ia 


I   calW  tbs   Uade ;    and  that   which  ii 


>  cnlled  the  handle 


mily,  be[ng  nnall  enough  to  be  gtaap^ 
To  push  the  veuel  fomarda  by  thit 


of  convenient  ihaiie 
much  used  ht  tne 


by  the  r 

inatrument,  ihe.rowen  turn  their  backs  forwards,  and  dipping  the  blade  of  the 
oar  in  the  water,  pull  the  handle  forward,  to  tbat  the  hiade  at  ^e  same  time 
may  move  ofl  in  the  water.  Butj  itnce  the  blade  cannot  be  lo  moved  without 
■triking  the  water,  this  impuluon  is  the  same  as  if  the  water  were  to  strike  the 
blade  from  the  iteni  towards  the  head;  the  vessel  is  therefore  neceBXartty 
moved  according  to  the  direction.  Hence  it  follows  that  she  will  advance 
with  the  greater  rapidity,  by  ai  much  as  the  oar  strikes  the  water  more  forcibly  l 
consecjuently,  an  oar  nets  upon  the  ude  of  a  boat  or  vessel  like  a  lever  of  the 
second  class,  whose  fiilcrum  ii  the  station  upon  which  the  oar  rest*  on  die 
boat's  gunwale.  In  large  vessels  this  station  is  usually  called  the  row-port;  but 
in  lighters  and  boats,  llie  row-lock.  Oats  for  aluns  are  generally  cut  out  of  fir- 
limber  ;  those  for  barges,  out  of  Dantzic  or  New  England  raAet* ;  end  tbose  fiir 
boats,  either  out  of  English  ash  or  Norway  fir  roften.    See  Boat. 

OBSERVATORY.  A  buildingpuiposelyconatrucledfor  viewing  the  heavenly 
bodies,  and  fhrtiiahed  with  suitable  instruments  and  conveniences  fur  faciUtsting 
the  operationa. 

OCHRE,  (red,)  is  an  Iron  ore  of  blood-red  colour,  which  is  sometimes  found 
in  powder,  and  occasionally  In  a  hardened  state.  It  has  an  earthy  texture,  and 
somelimes  stains  the  fingen  when  handled.  The  principal  use  of  red  chollc  li 
for  drawing.  Fur  the  latter  purpose,  it  should  be  tree  from  grit,  and  D 
hard.  In  order  to  free  it  from  grit,  and  render  It  belter  for  use,  '' 
pounded,  washed,  mixed  with  gum,  and  cast  into  moulds  of  ci 
and  size.     Under  the  name  of  reddle,  this  substance 

marking  of  aheep,  and  when  mixed  with  oil,  for  the  painting  of  pales,  galea, 
and  the  wood-work  of  out-buildings. 

ODOMETER.  An  instrument  for  meniuring  the  distance  travelled  over  by  a 
post-chaise  or  other  carriage ;  it  is  altnched  to  the  wheel,  and  shows,  by  means 
of  an  index  and  dial-plate,  the  dbtance  gone  over. 

OIL.  The  dis^nctive  characters  of  oil  are  unctuosity  and  inSammabili^, 
insolubility  in  water,  and  fluidity  at  moderate  temperatures.  Oils  are  diitiii- 
guiihed  Into^eif,  or /at  oils,  which  do  not  rise  in  distillation,  at  the  temperature 
of  boiling  water  ;  and  volatile,  or  etienlial  oils,  which  do  rise  at  that  temperature 
with  water,  or  under  320°  by  themselves.  The  latter  having  been  treated  of 
under  the  word  Essential,  in  the  preceding  part  of  this  work,  we  shall  here 
confine  our  attention  to  the  former  class  cliiefly. 

lited  oils  ate  generally  contained  in  the  seeds  and  fruits  of  those  vegetahlea 
of  which  ihej  are  the  products,  and  are  fonned  jirincipally  at  the  period  of 
maturity.  They  are  extracted  by  pressure,  sometimes  with,  and  aotnetime* 
without,  the  aid  of  heat.  They  are  usually  impregnated  with  the  mucilaghtoua 
or  extractive  matter  of  the  vegetable,  whence  they  acquire  colour,  odour,  and 
laate ;  and  if  heat  hoi  been  employed  to  favour  their  extraction,  they 
acquire  acrimonioua  quolitiei,  and  undergo  a  change  in  aome  of  their  chemiciil 
properties.  The  purest  oila  ore  those  expressed  from  the  fruit  of  the  olive,  or 
the  aeeds  of  the  almond ;  othera  less  pure  are  extracted  from  linseed,  hemp- 
aeed,  and  numerous  other  seeds  of  plants.  Fixed  oils  are  usually  flnid,  but  of 
a  thick  conaiitence,  and  they  conge^  at  moderate  tempeiaturct ;  some  are  even 
naturally  concrete.  When  fluid,  they  are  transparent,  colourless,  or  of  a 
yellowish  or  greenish  tinge,  inodorous,  and  insipid  ;  they  are  lighter  than  water. 
The  following  table  exhibits  the  specific  gravities  of  ihe  principal  lOCl*  of 
;  water  being  1.000:— 


Almond     .    .     . 
Linseed     . 

Haieinut .     .     . 
Pubn     .... 

Rape  seed.    .    . 
Olivet   .    .     . 

.     .     .     0.913 

.     .     .    0.939 
.    .     .     0.93> 

.  .  old 

Walnut.     .     .     . 

.     .     .     0.923 
.     .     .     0.832 

■•H 
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ulidcake,  which  ii 


Fig.  I. 


and  the  Med  in  Ihe  bag  is  reduced  to  a  vrry  Iiari 
feeding  uTcatlle,  as  it  retain*  &  cuuiiderablc  , 
uutrilive  metlvr.  Of  late  j-ear*  the  elulic  force  of  atenln  bai  been  introduced  to 
give  the neceusry  preuure,  and  the  pnteated  improve inenti  b;  Mr.  John  Hnll, 
)un.  (of  l)nrlfi>rd),  which  we  lisve  iiuw  to  desciibe,  cansiit  in  ihc  peculiar 
method  bv  which  ihU  power  lb  applied,  aa  {Fig.  1)  nre  two  elliptical  iron 
o«mi,  Bmily  fixed  on  the  horizontal  •bafU  of  two  cog  wheels,  which  gear  into 
one  nnotlier ;  B  U  i  £,  are  mawive  iron  plates,  be- 
tween which  the  seed  bags  c  c,  in  their  envelppei, 
are  placed;  J  ia  the  nesm  cylinder;  t  the  |iiaton 
to  the  same,  which,  when  raised  by  (he  fore 
the  steam  from  undemealh,  elevates  the  beam/,  I 
and  tbe  conneclingrods  y^  ;  these  being  attached 
to  the  levers  li  h,  tum  the  cams  so  hi  tr  -  " 
against  the  plates  B  B ;  which  pressure  i 
tinued  until  llie  cams  arrive  with  their  longest 
diameteri  in  an  horizontal  direction,  aa  shewn  by 
Fig,  2.  By  these  means  tbe  oil  is  squeeted  out, 
and  received  into  a  proper  receptacle  undtfi> 
neatb.  On  the  other  side  of  the  eteam  cyhnder, 
another  aparatus,  limiiar  in  all  respects  to  that 
shewn,  is  fixed,  and  moved  by  the  same  power; 
but  in  these  the  longest  diameters  of  the  cams  are 
placed  In  h  reverse  direcUon,  or  at  right  atiglei 
with  those  in  tlie  engraving;  so  that  when  the 
ultnoil  pressure  is  excited  on  one  aide  of  the 
cylinder  by  the  ascent  or  descent  of  the  piston,  no 
pressure  whatever  is  given  on  the  other,  and  the 
Dags  may  be  removed  to  be  emptied,  and  re- 
)iteniahca  with  a  fresh  quftntit^  of  aced.  The  ' 
employment  of  elliptical  cams  is  altered  with  a 
very  great  convenience,  which  wc  ought  not  lo 
omit  noticing.  The  two  innermost  plates  B  B 
are  connected  together  by  means  of  straps,  as 
shewn  at  >(  {F^.  2)  stretched  out  whUe  the  cams 
are  exerting  their  pressure  ;  when  that  pressure  is 
relieved  by  the  cams  being  turned  into  the  position 
□f  these  in  Fig.  1,  the  connecting  straps  ii  are 
raised,  and  the  two  plates  B  fi  are  drawn  towards 
one  another ;  the  bags  are  then  perfectly  free  lo 
bo  removed  hy  the  workman,  to  be  filled  again  and 
replaced ;  and  ao  on  Bltemately,  on  opposite 
sides,  at  eveiy  ascent  or  descent  of  the  piston. 
The  steam  pressure  upon  the  piston,  employed  by 
forty  to  fiily  pounds  upon  the  inch,  nearly  the  whole 

siniplicit}'  of  tbe  apparatui,  is  traniferred  to  the  end  of  the  cania,  where  the 
power  is  increased  according  to  tbe  ratio  of  their  surfaces,  compared  lo  that  of 
tbe  piston.  A  sleam  apparatua  is  constructed  near  lo  each  pair  of  catiu,  for 
the  convenience  of  beating  the  seeds,  with  meana  for  discharging  the  cake  and 
refilling  the  bags. 

In  the  year  182S,  the  Society  of  Arts  presented  Mr.  Cogan  with  their  silver 
medal,  for  the  communication  of  a  process  for  purifying  rape  and  linseed  oiU. 
Mr.  Cogan's  process,  though  resembling  M.Thenard's  in  the  first  part  of  it,  U 
completed  by  the  judicious  introduction  of  ateam ;  by  metuia  of  wliich  the  oil 
appears  to  he  almost  entirely  Ireed  fiom  acid,  and  the  black  feculent  drrn  sub- 
side in  the  course  of  twelve  hours,  leaving  (he  upper  portion  of  tlie  oil  quite 
dear,  end  greatly  improved  in  colour,  and  in  those  qualities  for  which  it  is 
valued  hy  the  pamter.  l^e  quantity  of  oil  that  he  operates  upon  at  once  is 
about  100  gailons.  For  this,  three  quarts,  that  ia  about  ten  pounds,  of  sulpburio 
•cid,  oil  of  vitriol,  ii  required.     Tbe  acid  it  lo  be  diluted  with  an  equal  bulk  of 


Fig.  2. 
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f  which,  ovring  to  Iha 
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water.  The  ofl  bem^  put  into  a  cooper  pan,  of  the  sh^e  of  a  boOer,  two 
quarts  of  the  dflnte  aod  are  to  be  added;  the  whole  is  then  to  be  stirred  up 
▼07  carefully  for  an  hour  or  more,  with  a  wooden  scoop,  till  the  acid  is  become 
completely  ineorp»ated  with  the  oil,  and  the  colour  of  this  last  has  become 
nncA  deeoer  than  at  first  A  second  sunilar  quantity  of  add  is  to  be  added, 
and  mixed  with  the  oil,  the  same  as  the  first  was ;  and  after  this  the  remaining 
thiid  part  of  add  is  to  be  added.  The  sturing  of  the  oil  is  to  continue  inces- 
santly about  six  hours  in  the  whole,  at  the  end  of  which  time  the  colour  of  the 
miztme  will  be  almost  that  of  tar.  It  is  then  to  be  allowed  to  stand  quiet  for 
a  nis^t,  and  in  the  moniing  is  to  be  transferred  to  the  boiler ;  this  is  of  copper, 
and  naa  a  steam  pipe  entering  it  at  the  bottom,  and  then  dividing  into  three 
or  ter  branches,  each  of  which  terminates  in  a  perforated  plate.  The  steam 
tihoB  tlnown  in,  passes  in  a  yeiy  divided  state  into  the  oil,  penetrates  into  every 
part  of  i^  and  heats  it  to  the  temperature  of  boiling  water.  The  steaming  pro- 
ceaa  is  to  be  continued  for  about  six  or  seven  hours,  at  th^end  of  which  time 
it  ia  to  be  transferred  to  a  cooler,  of  the  form  of  an  inverted  cone,  terminating 
in  a  Aait  pipe,  commanded  by  a  stop-cock,  and  also  having  a  stop-cock  inserted 
in  its  side,  a  few  inches  from  the  bottom.  After  remaining  a  night  in  the 
cooler,  the  ofl  is  fit  to  be  withdrawn ;  for  this  purpose,  the  cock  at  bottom  is 
opened,  and  the  black  watery  add  liquor  flows  out.  As  soon  as  the  ofl  begins 
to  eome^  the  cock  is  dosed,  and  that  in  the  side  of  the  cooler  is  opened.  From 
thb  the  ofl  runs  quite  dear  and  limpid ;  the  whole  of  that  which  is  stiU  turbid 
remaining  bdow  the  upper  cock.  The  purified  ofl  being  drawn  off,  that  which 
is  turbid  is  let  out  into  a  reservoir,  where  it  dther  remains  to  clarify  by  subsi- 
dence, or  is  mixed  with  the  next  portion  of  raw  oiL 

Tbe  fUlowing  is  the  patented  process  adopted  by  Mr.  M.  Wilks,  seed  crusher  of 
Dartford,  for  purifying  the  ofl  from  linseed,  as  well  as  other  seeds,  bv  expression. 
Into  238  gallons  of  the  oil,  six  pounds  of  oil  of  vitriol  is  to  be  poured,  and  be  well 
mixed  by  agitation  or  stirring  about  for  three  hours.  Six  pounds  of  fuller's  earth 
is  next  to  be  mixed  up  and  Uioroughly  incorporated  with  fourteen  pounds  of  hot 
lime,  and  thrown  into  the  vessel  containing  the  ofl  and  vitriol,  when  the  whole 
is  to  be  kept  in  sfitation  for  about  three  hours  more.  '^  The  foregoing  mixture  is 
next  to  be  turned  into  a  boiler  containing  a  quantity  of  water  equal  to  that  of 
the  oil,  and  the  whole  is  then  to  be  boiled  for  another  three  hours,  during  which 
time  the  liquid  is  to  be  continuaUy  agitated  by  stirring.  The  fire  may  now  be 
exdnguisheO}  and  when  the  materials  have  become  cool,  the  water  may  be 
drawn  off,  and  the  ofl  will  be  found  clarified,  which  wiU  become  brighter  and 
more  fit  for  use  after  standing  some  time. 

Mr.  Robinson,  of  Edinburgh,  having  witnessed  the  difficulties  and  waste 
which  take  {^ace  in  filtering  and  clearing  oil  from  its  dregs ;  in  which  opera- 
tion, as  it  is  usually  conducted,  a  great  deal  of  the  advantage  which  is  gained  by 
repose  and  subsidence,  is  again  lost  in  drawing  off  the  ofl  to  pass  it  through  the 
filter,  it  appeared  to  him  that  by  introdudng  water  through  a  regulated  aperture, 
and  from  a  height  sufficient  to  give  the  requisite  hydrostatic  pressure  into  the 
bottom  of  the  butt  of  oil,  and  making  a  communication  from  the  top  of  a  butt, 
to  a  filter  acting  by  ascension,  all  the  advantages  arising  from  refuse  and  sub- 
aidenee  would  be  retained,  and  by  adapting  the  nature  of  the  filter  to  the 
quali^  of  the  oil,  the  contents  of  any  butt  might  be  easily  and  ouickly  sepa- 
rated into  three  or  four  portions  of  different  degrees  of  value.  Mr.  Robinson 
condndes  by  suggesting  the  mechanical  arrangement,  represented  by  the  section 
of  the  apparatus  in  p.  200.  n  is  a  cistern  of  water  whicti  communicates  by  the 
pipe  a  with  the  bottom  of  the  butt  of  oil  ^.  /  is  the  filter  raised  on  feet, 
and  standing  on  the  heading  of  the  butt,  with  which  it  communicates  by  the 
pipe  b,  e  in  a  perforated  nlate  above  the  lower  chamber  of  the  filter,  and  k  is 
its  discharging  cock ;  e  is  the  middle  chamber  filled  with  charcoal,  or  any  other 
suitable  substance.  The  partition  between  this  and  the  upper  chamber  (^  is  a 
pCTforated  plate,  and  /  is  the  discharging  pipe  of  that  chamber.  The  butt  con- 
taining the  ofl  being  connected  with  Uie  apparatus  already  described,  the  cock  of 
the  pipe  a  is  to  be  turned,  which  wiU  aUow  the  water  to  flow  into  the  butt.  At 
tiia  aue  time  the  cock  <^  the  pipe  b  being  opened,  the  upper  part  of  the  oil. 


too 
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and  thererore  the  purest,  finl  dons  mto, 

and  Gilt  (lie  lower  chamber  of  the  filler, 

and  ii  followed  by  the  Imi  pure  portions, 

■CBording  to  tlieir  respective  ipecilic  gra- 
vity; but  ai  the  pipe  entera  lbi«  chambtr 

at  the  lop,  those  impuritiei  that  are  con- 

liderably  heavier  than  the  oil  will  subaide 

ID  the  bollom,  and  aie  from  time  to  time 

to  be  discharged  through  the  cock.     The 

»eil  of  the  oi!  rises  ihroiigliihe  perforated 

plate,  ii  separated  from  the  lighter  impii- 

rities  by  the  charcoal  or  «and  in  (he  mid- 
dle chamber,  and  then  piuset  through  the 

upper  plate  into  the  top  chamber,  whence 

it   flows   through  tthe  cook  i.     The  two 

perforated  pUtes  must  rest   on  iing«  or 

projecting  ledges,  that  the  charcoal  may 

be  renewed  and  the  lower  plate  may  he 

taken  out  occsaionslly,  and  cleared  of  the 

dren  which  otherwise  would  atop  its  holes. 
Under  the  words  El*ihe,  and  FiTi  we 

have  noticed  the  line  fluid  oil  that  has 
raeeived   the   former  denomination,  and 

which  has  been  employed  for  lubricating 

delicate  borologicol  inacbinerj'.     In  this 

place,  we  have  to  describe  an  improved 

mode  of  obtaining  it  trom  o\he  oil  by  Mr- 
Henry  Wilkinson,  of  Fall  Mall,  and  which 

ia  considered  to  be  peculiarly  valuable  for 

lubricating  the  pirota  and  other  rubbing 

surfaces  of   chronometers.      The  best   olive  oil   )i 

that  peculiar  bland  flavour  which  fits  it  for  the  table,  and  which  apptan  la 

arise  principally  from  Ihe  quantity  of  mucilage  and  water,  either  held  in  *o1u- 

tiot),  or  mechanically  mixed  with  it.  By  keeping  one  or  two  years  in  jati,  « 
considerable  por^on  of  the  mucilage  and  water  sulxudes,  which  renders  such 

nit  not  only  cheaper,  bnt  better  qualified  for  yielding  a  greater  proportian  of 
pure  oil  than  that  which  is  reeendy  expressed  from  the  fruit.  IVo  or  three 
gallons  skimmed  from  the  surface  of  a  large  jar  that  has  remained  at  rest  fur 
twelve  months  or  upwards,  is  prefemble  to  uny  succeeding  portion  from  the 
same  jar,  and  may  be  considered  the  cream  of  the  oiL  Having  prticurcd  good 
oil  in  the  first  insl^ince,  put  about  one  gallon  into  a  cast-iron  vessel  capable  of 
holding  two  gallons ;  place  it  over  a  slow  clear  fire,  keeping  a  thernionietcr 
suspended  in  it ;  and  when  the  temperature  rises  to  320°,  check  the  heal,  never 
allowing  it  to  exceed  230*,  nor  deuvnd  below  212*,  for  one  hour,  by  which  lime 
the  whole  of  the  water  and  acetic  acid  will  be  eraporated ;  the  oil  is  then 
exposed  to  a  temperature  of  30°  to  36°  for  two  or  three  days,  (ronsequenlJy 
winter  is  preferable  for  the  preparation,  as  avoiding  the  trouble  and  expense  of 
producing  artificial  cold);  by  this  operation  a  considerable  portion  is  congealed; 
and  while  in  this  state,  pour  the  whole  on  a  muslin  filter,  to  allow  the  fluid  por- 
tion to  run  through  ;  the  solid,  when  dissolved,  may  be  used  for  common  pur- 
Doses.  Lastly,  the  fluid  portion  must  he  filtered  once  or  more,  through  nevlj 
prepared  animal  charcoal,  grossly  powdered,  or  ratlier  broken,  and  placed  on 
bibulous  paper  in  a  wire  frame  within  a  fiinnel;  by  which  ojieralion,  ratieidiiy 
(if  any  be  present)  is  entirely  removed,  aud  the  oU  is  rendered  perfectly  bright 
and  colourless. 

Under  the  article  Candle,  the  reader  will  find  accounts  of  several  patented 
procesies  for  ohuining  the  e/amr,  or  pure  oily  principle,  from  the  cocos-nut, 
palm,  and  other  concrete  vegetable  oiU,  so  that  wc  need  not  reneat  them  nnder 

'     present  heed;  but  the  extremely  rude  ojid  ineSectJve  machinery  employed 
!S  for  expressing  oils,  in  tliose  countries  from  whence  we  derive  out 
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mppUn,  ii  vartliy  of  tlie  altcnlion  of  llie  British  reail^r,  u  exkibilmg  in  » 
■troDg  Uglit  the  advantages  that  raighl  result  from  the  introductioQ  of  improved 
machincrj  in  those  parti.  Dr.  Davy  infamis  lu  that  the  meana  lucd  by  iba 
StngslMe  for  ihii  purpose,  consists  merely  of  a  few  upriglit  poles  stuck  in  tha 
gtound,  supporting  tno  parallel  horizontal  ban  between  theui ;  between  thesa, 
the  bags  .conlaioing  the  seedi  are  pu^  in  the  maimer  lepceaented  in  the  sub- 
joined  iketch,  preumv  being  given  to  the  bogs  by  mean*  of  u  perpendicular 


Wtw  wUch  ftnw  tlw  korbMtal  I  a 

St  HadiM,  ufl  other  piiti  of  tho  Eart,  bi 

maduBO.    The  macbine  is  luge  and  rntrrtantial.  and  a  ^ 

Ibira  ii  vantad  in  operating  by  iL   The  annexod  drawing  i*  taken  Irom  aiaodd 

recentljhmughtfroin  India  and  depodted  in  themnieamaflhs  Atialio  Sodetf. 


ibidMponod 
BlaiiilyiBlfai 


nrtai  abaut  di  teat  higb,  uiually  formed  out  of  a  block  of  gnnita, 
of  wood ;  in  both  aaaea,  there  ii  ai  mncfa  of  the  (ubstanoe  nnk 
1  aa  mnaini  above  it ;  c  ia  a  pntkv  the  upper  extretni^  of  whick 
in  Iba  |ieoe  of  timbM  rf;  at  >  b  anotha  |uc«  of  tiober,  attached  bf 


corJi  to  d,  (by  puiriiig  round  (he  projecting  pina  abown)  with  ita  \awet  end  ■ 
tiaed  uid  bolu^d  to  the  lioriiontal  lever  ^,-  one  of  the  ends  of  tbii  lever  UtoA.mt, 
aa  a\f.  so  as  topiiaa  lato  and  amund  a  groove  made  in  the  mortar;  tlis  lower 
part  b  a(  the  mortar,  enlarged  in  ita  dimensions,  serves  at  a  real  for  the  lever  g, 
and  lo  give  at«ncliiieis  to  Ilie  apparatiia.  To  put  this  machine  into  operatian,  k 
man  nto  upon  the  end  g  of  the  boiizontal  lever,  which  by  the  connecting  ban 
r  and  d,  caiiae  the  peade  t  to  preia  hard  against  the  aides  of  the  mortnr,  and  a 
circular  motiati  is  given  to  the  pestle  by  aitaclilng  a  pair  of  oxen  to  the  yoka 
k,  who  draw  it  round.  An  oil  presa  on  the  sume  principle  as  this,  is  described 
by  Dr.  Buciianan,  aa  being  used  by  the  oil  makers  of  Bangalore  for  eji^rening 
various  hhidt  of  oil.  Theie  mills  receive  a  quantity  uf  leed,  equa]  to  about 
2\  of  our  Witiclieater  bushels,  lo  which  in  the  cnunc  of  grinding,  about 
3|  quarts  of  water  ore  gradually  added.  The  grinding  continues  for  nx 
hours,  when  the  forinaceoua  porta  of  the  seed  and  the  water  form  a  cake, 
and  this  having  been  removed,  llie  oil  (about  b\  gollous  in  quantity)  is  (bund 
clean  and  pure  m  [be  bottom  of  the  mortar,  frora  whence  it  is  taken  by  a  cup. 
The  mill  requirea*  the  labour  of  two  men  and  four  oxen,  and  grinds  twice  s 
day,  thui  making,  in  the  whole,  but  1 1  gallona  per  day ;  and  if  this  be  all  that 
lo  large  a  machine  and  so  great  a  power  can  perform,  bow  miserably  ineffectivo 
muilbe  the  Singalese  machine  we  Grrt  described.  The  writer  of  this  utido 
was  so  forcibly  impressed  with  this  defective  mode  of  oil-preaaing  a  few  years 
ago,  OS  to  lead  him  to  devise  sorne  powerful  niBchine,  in  which  the  combinattoni 
ebould  be  few,  of  the  simplest  kind,  and  that  should  be  easily  made  by  the 
roughest  rural  workman  at  a  trifline  expense,  and  be,  as  much  as  possible,  telf- 
ectiog.  The  approbalion  which  the  principle  of  these  presses  have  met  with 
from  professional  engineers,  and  the  practical  experience  which  the  inventor 
has  had  of  iheir  utility  and  convenience  in  a  nearly  similar  application,  Induces 
him  to  give  a  brief  deacription  of  them  in  this  place;  in  the  perusal  of  which 
liw  reader  will  bear  in  mind  that  ihey  are  especially  designed  for  the  rural 


mannfacture  of  oil  on  the  ipot  where  the  seeds  grow.  This  machine  consista 
■imply  of  ihree  pieces  of  wood ;  an  upright  piece  is  fixed  firmly  in  the  ground, 
(a  tree  would  answer  the  purpose  well,)  near  the  lower  end  of  which,  and  also 
at  the  upper  extremity,  are  projecting  pieces,  the  upper  one  forming  the  JMnt  of 
the  long  horizontal  lever,  and  the  lower  one  tlie  joint  af  the  short  vertical  om ; 
to  strengthen  these  juinta  a  strap  of  iron  is  laid  over  tliem,  and  round  the 
uprigbl  post,  and  iron  bolls  are  passed  through  each  to  form  the  centre,  or 
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roun'  n  fixed  to  the  opper  cxtrcniity  of  the  vertic*]  lever,  which,  Tnumng  upon 
Ae  iadnicd  plane  of  the  horiionlal  lever,  renden  the  fnetioii  of  thete  paztM, 
«4im  in  ccntaet,  my  trifling :  but  what  we  coDnder  u  the  motl  importint 
IMolt  of  Ihii  paraliar  miiibiDBtioo  of  two  leven  (wluch  are  both  of  the  aecoad 
tUm)  b,  that  tba  cfiet  of  the  power  eroptojed  i*  bat  tittle  at  the  comiuenee- 
Biotef  dieoMTatie«,blit  tfaat  Aeprenure  ii  eontinnaltj  inereaaiiig  dming  die 
optftiMV  KM  becMDCi  prodigioualj  great  lowardi  the  dose  of  it,  which  ii 
«wfa^  to  dw  pwwuTa  «  the  vertical  leTcr  conitantly  accomnlatiiig  (of  itietf 
wiAont  attHiooD)  ai  it  ^iptoacbea  the  fulemm  i^  the  hohiontal  lever.  Now 
tU»  fe  pncbelj  nat  ii  wanliiig  in  oil  or  wice-preniiig :  if  a  great  jvenure  be 
rirm  at  the  fini,  the  bagt  bant  and  the  liquid  ia  loet  It  ii  obvioui,  from  the 
Aetdi,  that  the  Indian  who  i«  teated  in  a  awing,  impended  to  tlie  lever,  ia  the 
acting  biMj  and  ai  thia  force  it  obtained  not  only  withont  labour,  but  by  reat 
(d  the  iodiridiial,  then  eanBot  be  an  eaner  node  of  prodndng  a  mechanical 
«Sw^  eapeciallj  aa  aome  atleadance  to  the  procee*  going  forward  u  neceiiarjp, 
A  ahaemaker,  or  a  taDor,  might,  indeed,  carr^  on  the  bniineM  of  their  crafti, 
and,  at  the  tame  time,  wor«  an  oil  or  a  wue-pren  vifon  the  lame  prinemle. 
The  dctign  having  been  made  with  reference  to  tbe  ooaiui  bag*  enpiojed  In 
India  for  the  mnpote,  will  account  for  thia  pecnliariw  in  the  dnwing,  a*  well 
■a  in  tlie  autjbmed  modification  of  the  madiiue,  wbtcb  it  merelj  an  extenrion 
of  the  piindple  to  the  forming  of  a  double  picM.    By  thia  arrangement  double 


the  effect  ii  produced  at  about  half  the  additional  coat  of  one  prcn  ;  and  if  bolli 
preaaci  were  worked  (ogether  (which  might  alwaji  be  tbe  CBie),  insieaJ  uf  the 
central  poit  being  Eied  in  the  ground,  it  might  be  put  on  a  movable  itand.  as 
the  wei|;ht  of  force  of  one  preu  would  counterbalaacc  that  of  Ihe  oibvr-  TUia 
figure  hkewite  thowi  two  convenient  modei  of  working  the  preu  wiih  very 
htlle  attention ;  to  one  of  tbe  horizontal  leven  a  rope  is  luipended,  having 
hooka  at  conveDient  diitancei,  upon  which  such  weigiita  may  be  hung  bi  may 
be  found  necesury  to  give  tbe  required  pressure  ;  to  the  other  is  suspended  a 
bucket  (the  capacity  of  which  would  be  regulutihl  by  ibe  circumstances),  to 
take  advantage  of  a  detcendiiig  current  of  water  (if  the  locality  admits  of  it), 
or  of  a  reicrvoir,  or  lupply  pipe,  that  might  be  raised  lo  a  proper  elevation  for 
filling  it;  wlicn  the  operation  ii  competed,  u  rcpreiented  on  one  lide  of  ilw 


pTMi,  the  backet  falling  againit  ■  tail-piece  fixed  upright  in  a  chaime)  or  gOttta, 
openi  a  valve,  leti  all  the  water  out  of  the  biickel,  and  relieiei  the  pTcea  from 
the  force  of  its  weight.  Thus  in  a  licuation  where  water  a  plentifiil,  a  number 
of  large  preisea,  changed  with  the  necessary  materials  for  obtaining  oil,  or  wine 
juice,  might  be  51Ud  over-night )  the  next  morning  the  bucketi  would  be  found 
discharged  uf  their  water,  and  the  previously  empty  recipients  be  found  lilled  witb 
oil  without  aay  attendance  whateTer.  It  is,  perhaps,  deserving  of  notice,  that  tha 
self-acting  property  of  these  presses  adapts  them  for  aituations  where  advantag* 
could  be  taken  of  the  ehbing  and  flowing  of  the  tide ;  the  rising  of  the  water 
would  thus  fill  the  buckets,  and,  upon  its  falhng,  leave  them  suspended  with 
their  loads  to  do  the  work  i^  (he  |iieas ;  the  return  oC  the  tide  woubi  take  off 
the  preamiie  for  the  renewal  of  it  upon  its  descent;  and  thus,  every  twelve 
hours,  the  presses  might  be  worked  with  almost  unlimited  power  and  without 
any  attendance  to  the  moving  force. 

The  most  powerful  and  the  moat  convenient  machine  for  expressing  alt,  it, 
iinqikestionabfy,  the  hydroetatic  press,invenled  by  the  late  Mr.  Bramah.  A  preaa 
of  this  kind  was  sent  out  tu  Ceylon,  by  government,  in  the  year  1S14,  which  waa 
nmde  by  Mr.  Brunah  eipreasly  for  the  purpose  of  expressing  oil  from  the  coooa- 
iiut  kernel;  a  very  full  description  of  bU  the  important  detaili  of  which  b 
given  in  the  thirty-fourth  volume  of  the  Trtouactioiu  i^Uu  Society  of  Aril.  Bui 
nllhough  the  hydiostatic  preis  is  the  most  economical  macbine  that  the  capitalist 
con  employ,  its  expense  la  noiuited  lo  the  means  of  the  small,  or  middle^  manu- 
laclurers,  to  whom  a  press  of  tome  kind  is  indispensable ;  accorditigly,  the  fol- 
lowing one  has  been  designed  to  meet  their  wants. 

The  annexed  figure  gives  a  front  view  of  the  machine,  excepting  that  the- 
front  plate  which  encloses  the  lower  part  of  the  machine,  and  the  bearings  of 
the  axes  of  the  cams  are  removed  to  show  better  the  ci  ' 


rironff  frame  of  cnsl-iron  (it  may  he  of  wfiod  strongly  bohed  together) ;  the  ri 
■Uf  be  OS  cireamiiBiicM  may  require ;  but  a  canvtnient  tixe  would  be  3  fi 
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Ikiw  tvo  tot  vida^  ami  1  fiwt  from  front  to  back.  (  ia  tfaa  ptaaamg^head,  of 
wkSA  wmtdt  ftonad  into  tfana  wedge-ahapad  teeth,  and  made  ao  aa  to  fit  into  a 
^odtaa^  cf  a  aanaapoftding  figure;  i^ tf  are  two  cama,  finnly  attached  to  two 
wpiading  kfwi  ie,  whkh  are  loading  at  their  eztramitiea  by  auspending 
AiMtoaqr  iMBbadmaiber  of  flat  cireolar  weighta :  to  each  of  the  cama  a  atrong 
liolk,  banl  la  Iha  fignra  of  the  fimner,  ta  fixed;  and  theae  hooka  paaamg  tfaroogh 
mmig  qrjta|iii%  fai  the  band  of  the  preaa,  lift  it  up  when  the  preaRure  ia  taken 
dCfalaar  It  to  iaaeead  widumt  obatnietioii,  and  keep  them  alwaya  connected* 
Mghmt  Ufmimm  i&t  emnjmg,  by  meana  of  a  pipa^  hot  air,  or  ateam,  into 
1km  chaMbana  000, irlddi  have  lateral  openinga  one  into  the'other ;  the  angdar 
«f  ^bia  chnAer  adapta  il  for  collecting  the  heat,  air,  or  vapour,  whence  it 


mmm  fktaoA  Iha  inlafpaaing  iron  platea  into  the  baga  under  premre.  Hm 
lay  bahig  ifaaad  batwaen  the  wedgea  aa  ahown,  the  preaanre  ia  given  by  load* 
lag  tba  min  (wlttdi  tOMf  be  drawn  oat  to  any  length  raqoire^,  whidi  gra- 
HMt  dbem  bodi  to  deaeend  to  the  poaition  ahown  by  ttie  dotted  linea  ^  a' 
V  aa  vUeh  time  the  cama  have  turned  a  qnartar  round,  aaaa  to  attain  a 
poajtian  wban  thair  ntmoat  eflfoet  ia  prodooed.  The  baga  between  the 
wiadgea  are  tfana  aoaapraaaed  by  a  great  fiiroe,  and  their  coolenta  reduced  to  hard 
dry  cakea,  wbHa  the  expreaaedoil  nma  off  in  the  angnlar  guttata  at  ihe  bottom, 
and  iaeondnetad  oat  of  the  madiine,  by  a  pipe,  into  a  proper  recipient 

Hie  operation  being  eompletedy  the  pveaaure  ia  taken  off  by  removing  the 
vaMta  (already  oloae  to  the  gnwuid),  and  dnowing  t^  Ihm  kvera  which  Im  the 
Wad  of  the  peaa,  the  chief  labour  of  whidi  may  be  obviated  by  a  counter^ 
bakaee  weignt  The  oO  cakea  being  taken  oot  of  the  prm^  other  b^a,  pre- 
vioady  prepared,  are  fot  in  their  fdaca^  and  the  <^Mrmtion  rmewed  aimj^y  bj 
loading  the  levari  leaving  Aera  to  do  their  wwk  nnaaaatad,  and  accumulate  in 
power  aa  they  move  through  their  aaaigned  apace.  It  ahould  here  be  obaerved, 
ttial  owing  to  an  oveiaight  in  the  drainng^  the  kvera  are  not  ahown  aa  Bxed  in 
Ifae  beat  ^aitionfbroommenctng  the  operation.  They  afeonld  be  placed  aligfatl^ 
indined  fimn  the  vertical  poaition ;  the  power  wciild  then  be  conaidmbly 
leaaened  at  the  beginning,  aaid  vaady  increaaed  towaida  the  end.  The  extra- 
nitiaa  of  the  eama  are  ftauiahed  with  atrong  anti-iHctiott  rdlen^  whidi  eome 
into  action  at  the  end  of  the  proceaa. 

The  action  and  power  of  thia  preaa  may  be  deecribed  and  eatimated  thua: 
the  levera  e  e  being  Jixed  to  the  cama  act  widi  them  aa  entire  pieces,  hence 
mnat  be  r^arded  aa  two  bent  leveri,  ia  which  the  pointa  of  preaaure  are  con- 
•tantly  chuiging  their  position.  Now  auppoaing  5  cwt  appended  to  each 
lever,  and  each  lever  wDen  drawn  out  to  be  ten  feet  lone,  and  the  preaaure 
to  be  given  at  one  inch  from  the  ftdcmm,  thia  would  eive  a  power  of  120 
to  1,  or  60  tone  upon  the  head  of  the  preaa.  The  head  of  die  preaa,  it  will  be 
obeerved,  movea  through  a  apace,  the  treble  of  that  which  is  between  the 
oppoatte  ]^anea  of  the  wedge-formed  teeth,  conseqnendy,  the  power  is  here 
increaaed  dureeft^  or  raiaed  to  180  tone ;  then,  by  apfdymg  aimilar  levers  and 
weighta  to  the  oppoaite  enda  of  the  axea  of  the  cama,  we  have  the  force  of  360 
tone  upon  the  gooda  si  thia  litde  adAaeting  lever  preaa.  The  fiiction  in  auch  a 
machine  ia  uMoubtedly  conaideraUe,  but  aa  any  additional  fiirce  within  the 
limita  of  the  atrength  of  the  atradare  may  obvioualy  be  added,  and  the  point 
of  preaaure  be  brought  nearer  to  the  Ibknun  than  me  distance  mentioned,  at 
the  doae  of  the  operation,  any  required  power  may  be  obtained  at  the  period 
when  it  ia  wanted,  to  squeeze  the  cakes  thoroughly  diy.  The  (nl-maker  will  do 
wen  to  consider,  that  the  force  tranamitted  to  toe  acrew  preases  as  well  as  by  the 
hydroatatie  ia  tfUfrantttee,  and  not  a  emuUad  $elf-acemwaUatmff  force,  as  exerted 
hj  the  lever  preasea  we  have  juat  deacribed. 

Fiih  Oil — In  the  Greenland  fiaheriea,  the  blubber  produced  from  whales  is 
cut  into  small  pieces  and  packed  in  casks,  and  when  it  arrives  in  England,  it  is 
in  a  putrid  state.  It  ia  atajted  into  a  laxge  receiver,  containing  about  twenty 
tona.  There  is  a  aemicircular  wire  grating  in  the  side  of  the  back,  doae  to  the 
bottom,  through  whidi  the  fluid  parts  dram,  the  wires  being  sufficiently  dose  to 
prevent  the  pieces  of  bbbber  firom  paaaing.  The  oil,  aa  it  draina  through  thia 
gma^  ii  to  be  oondncted  by  mcana^ofa  copper  pipe  into  another  back,  containing 


304 


OIL3. 


pren,  tbe  backet  falling  against  a  lail-piece  fixed  upright  in  ft  channel  ai  ^ 
openi  a  valve,  let>  all  ihe  waler  oni  of  the  bucket,  and  relieve!  the  presa  avm 
the  force  of  ita  weight.  Thw  'a  a  aituation  where  water  is  plentiful,  B  number 
of  large  preuei,  charged  with  theneceagary  maleriala  for  obtaining  oil,  ot  wine 
juice,  niigbt  be  filled  over-night  j  Ihe  next  morning  the  bucketi  would  be  found 
diicharged  of  their  water,  and  the  previously  empty  recipienta  be  fouad  filled  with 
oil  without  any  attendance  whatever.  It  is,  perhaps,  deserving  of  notice,  that  the 
self-acting  property  of  these  presses  adapts  thum  for  situations  where  advanU^ 
could  be  taken  of  the  ebbing  and  flowing  of  the  tide ;  the  rising  of  ihe  voter 
would  thus  fill  the  huckeii,  and,  upon  Ita  falling,  leave  them  suspended  with 
their  loads  to  do  the  work  of  the  press;  the  return  of  the  tide  would  lake  off 
the  presaura  for  the  renewal  of  it  upon  its  descent;  and  thus,  ever)' twelve 
hours,  the  presies  might  be  worked  with  almost  unlimited  power  and  without 
any  attendance  to  the  moving  force. 

The  most  powerful  and  the  most  convenient  machine  for  expreesii^  oils,  ia, 
unquestionably,  the  hydrostatic  prcu,invcnled  by  Ihe  lale  Mr.  Bramab.  A  preM 
of  this  kind  was  sent  out  la  Ceylon,  by  government,  tn  the  year  1814,  which  was 
made  fay  Mr.  Bramah  expreisly  for  the  puipose  of  expressing  oil  from  the  coco*' 
nut  kernel;  a  very  full  description  of  ail  the  important  details  of  which  n 
given  in  the  thirt;>fourth  volume  of  the  TraruaclioHi  cftit  Sodetg  c^  .Ait.  BM 
although  the  hydroitstic  press  is  the  most  economical  machine  that  the  ea|Mtiliri 
can  employ,  its  expense  is  nnsuited  to  the  means  of  the  small,  or  middle^  muu- 
facturers,  to  whom  a  press  of  some  kind  is  indispensable  ;  accoidiagty,  the  l<4< 
lowing  one  has  been  designed  to  meet  their  wants. 

The  anneied  figure  gives  a  front  view  of  the  machine,  excepting  that  llir 
front  plate  which  enclones  ihe  lower  part  of  the  machiTie,  and  the  bearings  of 
the  axes  of  the  cams  are  removed  to  show  better  the  ci      '       ' 


Bboot  the  wme  qiuntily.  When  Ihii  receiver  a  full,  it  ii  left  two  n 
hourt  lo  settle,  Rnd  then  conducted  by  k  sluice  into  a  copper  heated  by  a  fire  in 
the  uiuhI  naj.  The  oil  i>  itirred  until  it  baa  acquired  heat  equal  to  22S*  Fah- 
renheit ;  tliii  destroj'a  the  rancidity,  and  causes  the  tnucilagiaoui  matter  tc 
■eltle  at  the  botloin.  A*  soon  as  ihe  oil  has  received  the  before-mentioned 
heat,  lliefire  must  be  draun,  and  about  half  a  tun  of  culd  water  pumped  upon 
th«  surface  of  the  oil,  which  descending  cools  the  bottom  of  the  copper,  and 
prevents  Ihe  adiieiion  of  the  mucilaginous  matter  thereto.  The  oil  may  ihea 
be  ran  off  into  euolen,  and  when  quite  cold  hedrairn  olT  into  caaka  for  use. 

Whale  oil  may,  however,  be  puHfied,  by  a  «)'slcin  of  lillering,  without  the 
aid  of  heaL  For  this  purpose,  the  long  cylindrical  bags  used  by  tbe  sugar 
refiners  are  somettmei  employed.  Theae  are  about  40  inches  long,  and  li 
inches  vide,  their  moutha  being  distended  by  wooden  hoopa.  Tbey  are  made 
of  alout  canraas,  lined  with  flannel ;  and  between  these  two  substances  a  pack- 
ing of  powdered  charcofd,  or  bone  black,  is  quilted  tkrougboul  in  a  stratum  of 
about  an  inch  thick,  which  detains  the  geJaUnou*  matter,  and  other  impuritiea- 
Tbis  oil  is  received  in  a  ciatem,  containing  water  at  the  bottom  to  the  depth  of 
about  6  inches,  in  each  20  gallons  of  which  is  dissolved  about  an  ounce  of  blue 
Titriol,  which  nearly  divests  it  of  Ihe  impurities  that  escaped  the  filler,  and  of 
the  unpleasant  odour  it  had  before.  But  it  ia  furlher  cleanaed  by  a  aecond  wash- 
ing, in  another  cistern  of  water,  wherein  it  is  allowed  to  remain  for  several  days. 
•nd  then  filtered  several  times  through  charcoal;  and  Usily,  by  filtering  through 
canvaaa  and  flannel  without  charcoal. 

Amongst  the  numerous  papers  on  this  subject  that  have  appealed  in  the 
scientific  journals,  we  select  the  following  process,  recommended  by  Mr.  Dossie. 
where  the  utmost  purity  la  reqiutcd,  sod  particulmly  for  the  woollen  manu- 

"  Take  a  gallon  of  crude  stinking  oil,  and  mix  with  it  a  quarter  of  an  ouiice  of 
'■    e  slaked  in  the  air,  and  half  a  pint  of  water ;  stir  thtm  logelher,  and  when 

y  have  stood  some  hours,  add  a  pint  of  water,  and  two  ounces  of  pearl  ashe^ 
. .  d  place  them  over  a  fire  that  will  just  keep  Ihem  simmering,  till  the  oil 
appears  of  a  Ught  amber  colour,  and  baa  lost  all  aniell,  except  a  bot,  ^esiy, 
aoaplike  scent.  Then  superadd  half  a  pint  of  water,  in  which  an  ounce  of  talt 
has  been  dissolved ;  and  tiuving  boiled  them  half  an  hour,  pour  them  into  n 

E roper  vessel,  and  let  them  stand  till  the  separation  of  the  oil,  water,  and  lime 
!  made,  aa  in  the  preceding  procesa.  Where  this  operation  is  performed  to 
prepare  oil  for  the  woollen  manufucture,  the  salt  may  be  omitted ;'  but  the 
separation  of  the  lime  from  the  oil  will  be  slower,  and  a  longer  boiling  will  be 
necessary.  If  the  oil  be  requu-ed  yet  more  pure,  treat  it  after  it  is  separated 
from  the  water,  &c.  according  to  the  second  process,  wilb  an  ounce  of  chalk,  ■ 
i]uarter  of  an  ounce  of  pearl  ashes,  and  half  an  ounce  of  salt." 

In  the  South-Sea  fiahery,  the  whalers  bring  home  their  oil  in  casks.  In 
consequence,  however,  of  tbe  wasteful  and  dangerous  nature  of  tbe  procesa 
adopted  for  obtaining  the  oil  from  the  blubber,  some  presses  have  lately  betn 
■etit  out  by  the  ships  lo  express  the  oil  from  the  pieces  of  the  blubber  that  have 
been  boiled,  hut  in  which  a  great  quantity  of  oil  still  remains.  All  thia  oil  wa* 
formerly  allowed  to  remain  in  these  pieces,  called  "  scraps,"  and  was  with  theia 
made  use  of  merely  as  fuel,  and  burned  under  the  "  try-pota  "  or  boilers ;  but  iu 
consequence  oftbeeitremeinflammahilityofthe  oil,  and  its  great  superabundance, 
serious  accidents  occurred  by  the  flamci  isauine  from  tbe  furnace,  and  catching 
the  oil  in  the  try-pota.  By  the  use  of  the  subjoined  machine  (in  p.  204)  w« 
understand  that  tbe  danger  before  mentioned  has  been  obviated,  and  the  oil  con- 
tained in  Ihe  scraps,  which  was  before  wasted,  now  forms  a  sensible  portion  of 
a  ship's  cai^.  It  is  tbe  invention  of  Mr.  John  Blylhe,  on  intelhgenl  engi- 
neer, of  Limehouse. 

Deicripiion. — a  a  o  a  a  is  the  frame  of  the  preaa,  consisting  of  a  strong  cast- 
iroti  bed  and  head,  and  wrought-iron  jambs,  secured  at  each  end  by  nuts  and 
BCrewj;  6  is  a  hollow  cylinder,  with  an  iron  plate  perforaled  with  small  holes, 
reeling  upan  ribs  in  the  bottom  of  the  casl-iton  cylinder,  as  shown  at  e;  c  ia  a 
nout  for  allowing  the  oil  lo  nin  off;  rf  is  o  follower,  also  made  of  cast  iron ;  / 
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tf  WTOUglll  iran,  anil  fitted  into  anloEemAl  Mnw  in  the'whMly; 
A  il  ■  ]trrt  for  icrewjng  down  tbe  follower,  when  gnat  ipced  and  but  littla 
pmnire  U  rrquirrd.  i  is  a,  bolt  wliich  i*  put  in  to  prevent  the  wheel  g  from 
turning  round,  which  then  beomei  i  box  for  the  tcrew  to  work  through :  when 
greater  prenure  i>  neceEsarj',  thti  boh  it  withdrawn,  and  the  power  of  od 


men  applied  to  the  handles/^',  which  tatn  ut  endlen  Mtew,  and  give  m 

wheel,  u  shown  at  d  ,-  the  wheel  in  its  revolution  bitea  upon  the  uoderaide  of 

tJie  head  of  the  press,  and  conaequentlj  foreei  the  icrew  downwardi,  with  the 

increawd  power  of  the  endleu  urew  and  wheel  and  main  icrew.     The  icrapt 

art  put  iDlo  the  cylinder  warm,  with  a  mattreas,  (wicker  haiket,)  }  of  an  iaob 

thick  in  the  bottom,  to  prevent  the  hard  substanee  from  filling  up  the  holes  at  e. 

After  the  preia  is  charged,  it  ia  set  to  work  by  tint  acrewme  down  with  the 

I    aingie  power  of  the  screw  and  lever,  and  finished  by  adding  the  power  of  the 

vheel  and  endless  screw. 

Nalitf  OH  of  Ltrartl — This  «lraordinaiy  and  valuable  production  is  snp- 

1   poed  to  be  the  only  known  instance  of  a  perfeEG;  volatile  liquid  obtainable 

■riihnut  the  Aid  of  arL     It  is  yielded  by  a  tree  of  considerable  height,  which  is 

,    ftmad  in  the  vast  forests  thai  cover  the  flat  and  fertile  reeions  between  the 

\   Otnnnoko  and  the  rstiuie,  in   South  America.     The  wood  of  thii  tree   ia 

aromatic,  compact  in  its  texture,  and  of  a  brownish  colour,  and  its   root* 

•bcwid  with  essential  oiL     The  oil  is  procured  by  striking  with  an  axe  the 

I  proper  ressrlt  in  tbe  internal  layers  of  the  bark ;  while  a  calabash  is  held  to 

I  rvetive  the  fluid  which  gushes'oul  in  such  abundance,  that  several  quarts  may 

p  be  canght  from  s  single  incision,  if  the  operation  be  performed  with  dexteri^. 

In  many  respects  the  native  oil  resemble)  the  euential  obtained  by  expresaion, 

diiiillstion.  and  other  artiiicial  processes:    it  it,  however,  more  volatile  and 

bi^tj  rectified  than  any  of  them,  it«  specific  grsvilj  hardly  exceeding  that  of 


1  TOT"" 


-lose!)  -^'^  „^  wUhou'  *""    iienmiie* 


wond  *"f;,  filled*'**   \i,ecoM»«"^,'lrt      The  P«l  *"!  J^  moiiA  « 


Ilea  !<«  "■"    The  pecuJlK 
~dl  '•■  °  --i-t  nt  pUT*  P"?^'.  -  .time  on  ""."■"  '  .,„^et  itmi^''       a;«i. 


,,  U18  "ix-t,-  u,  pure"  "■■-  „  ,g^e\ ;  w^ie"  ^  uioeelb"  '•  *"'"i 
thing*  being  >»  "T Mid bj  <"*;_.  „iih  a  muU«'.,  „„k  ll 


i  were  gi"---- 


OPTICS.  20f 

IfMi  aiBidler  to  •  prapcr  oraifailenoe ;  take  thea  a  piece  of  a  fit  size  for  tho 
eako  yon  intend  to  make,  roil  it  into  a  ball,  put  it  into  a  mould,  pcen  it,  and  it 
will  M  oomplelt.  When  these  cakes  are  to  be  u*ed,  they  must  be  rubbed  down 
a  poppy*  or  other  oil,  or  in  a  mixture  of  spirits  of  turpentine  and  oil,  as  may 
bait  suit  the  oonveoienGe  or  intention  of  the  artist 

OPERA-GLASS.  A  short  kind  of  telescope,  used  chiefly  in  theatres ;  it  la 
aometimes  caUcd  a  **  diagonal  perspective,"  from  its  construction.  It  consists  of 
a  abort  tnbe^  ia  each  ade  of  wnieh  there  is  a  hole  exactly  against  the  middle  of 
a  plana  nurror,  whieh  reflects  the  rays  falling  upon  it  to  the  convex  glass* 
dmiwh  whieh  they  are  refracted  to  the  concave  eye-glass,  whence  they  emerga 
parail^  to  tho  eye  at  the  hole  in  the  tube.  This  instrument  is  not  intended  to 
Magnify  ohjeefes  more  than  about  two  or  three  times.  The  peculiar  artifice  is  to 
mw  a  ^wnon  at  a  small  distance,  so  that  no  one  shall  know  who  is  obeenred, 
Isr  iSbm  instrament  points  to  a  diflerent  object  from  that  whieh  is  viewed ;  and 
as  tfiara  is  a  hola  on  each  side^  it  is  impossible  to  know  en  which  hand  tho 
aijeet  is  sitnated  which  yon  are  looking  at 

OPIUM.  An  insmssated  gummy  juice,  which  is  obtdned  chiefly  firom  tho 
white  poppy  of  the  East  (pt^Mtver  tomntferum).  It  may  also  be  obtained,  but  in 
a  smaU  quantity,  from  the  other  species  of  poppy.  It  is  imported  from  Persia, 
Arabia,  and  other  warm  parts  of  Asia,  in  flat  cakes,  covered  with  leaves,  to 
prevent  their  sticking  together.  It  has  a  reddidi  brown  cokni.*,  and  strong 
peculiar  smell ;  its  taste  is  at  first  nauseous  and  bitter,  but  this  soon  becomes 
acrid,  and  produces  a  slight  warmth  in  the  mouth.  In  l\irkey  the  white  poppy 
is  in  great  cultivation,  for  the  purpose  of  a£R>rding  opium.  After  the  flowering 
of  the  plant,  when  the  capsule  containing  the  seed  has  arrived  at  its  full  growth, 
sl%ht  Wgitudinal  incisions  are  made  in  tho  capsules  towards  the  evening.  A 
muky  juice  ooses  out,  which  is  collected  the  next  day.  The  excess  of  moisture 
being  evaporated  in  the  sun,  it  assumes  the  consistency  fitted  for  making  it  into 
cakes,  in  which  state  it  is  found  in  commerce.  This  is  called  Turkey  opium,  to 
distinguish  it  from  another  kind  brought  from  the  East  Indies,  which  is  gene* 
lally  softer  than  the  Turkey,  of  a  dadker  colour,  less  bitter,  and  more  disagree- 
able to  the  taste,  and  has  an  unpleasant  empyreumatic  smelL  When  opinm  is 
soft  and  friable,  of  a  Uackish  c<4our,  and  has  an  empyreumatic  smell,  it  is  bad : 
its  taste  should  be  bitter,  but  not  sweet. 

OPOBALSAM.  The  most  precious  of  the  balsams;  or  that  commonly  called 
Balm  of  Gilead.  The  true  balsam  is  of  a  pale  yellowish  colour,  clear  and 
transparent,  about  the  consistence  of  Venice  turpentine,  of  a  strong,  penetrating, 
agreeable  aromatic  smell,  and  a  slightly  bitterish  pungent  taste. 

OPODELDOC     A  solution  of  soap  and  alcohol,  with  the  addition  of  cam> 

er  and  volatile  oils.  It  is  used,  extemaUy,  against  rheumatic  pains,  sprains, 
ises,  and  other  like  complaints. 

OPTICS.  The  science  which  treats  of  the  nature  of  light,  and  the  pheno^- 
nena  of  vision.  Our  prescribed  limits  will  not  allow  of  our  giving  more  than 
a  brief  oatline  of  the  elements  of  this  sublime  science,  which  has  employed  the 
pens  of  some  of  the  most  illustrious  philosophers  in  successive  ages,  whoso 
worlts  upon  it  are  both  elaborate  and  numerous.  For  the  larger  portion  of  the 
matter  on  this  most  interesting  branch  of  natural  philsophy,  we  are  greatly 
indebted  to  Mr.  A.  Pritehard,  and  other  modem  authors  of  eminence. 

The  natural  progress  of  the  rays  of  light  is  in  straight 'lines ;  yet,  like  aU 
other  matter,  lignt  is  influenced  by  attraction,  which  sometimes  turns  it  out  of 
its  direct  course ;  this  happens  when  it  passes  out  of  one  medium  into  another  of 
diflerent  density,  as  from  air  into  water  or  glass,  or  from  water  or  glass  into  air. 
Tliia  disposition  or  capability  of  light  to  be  bent,  is  called  its  refrmgibilUy  ;  an4 
the  change  of  direction  actoaDy  assamed,  when  ^e  rays  enter  another  medium, 
is  called  refraeHem,  A  very  easy  experiment  will  convince  any  one  that  light  ia 
influenced  by  some  peculiar  law  when  entering  or  leaving  one  medium  for 
aaother.  Pat  one  end  of  a  stick  into  water,  and  it  will  appear  as  if  it  were 
braken.  Thb  e^ct  is  owing  to  the  rays  of  light  being  attracted  or  drawn  out 
of  their  direct  course  on  entering  the  denser  medium  of  the  water.  It  is  nece^* 
r,  howem^  to  obocrve,  that  only  those  rays  which  enter  another  meomns 
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BbUqtuh/,  lufler  TefracUon ;  for  t>y>  wbicb  fall  petpendicitlatly  i 
■ttTBCted  on  ali  lidcE,  and,  therefore,  have  ao  tendency  to  deviate  in 
tioo.  If  a  (lulling,  or  any  other  conspicuous  but  small  object,  be  placed  at  (h« 
botiom  of  a  basin,  and  the  ipectatoc  retire  to  such  a  distance  thai  the  edge  of 
the  vesael  just  prevents  ill  being  seen,  and  the  vessel  be  then  filled  villi  nalEr, 
the  shilling  wil!  become  perfectly  visible,  though  neither  it  nor  the  spectator 
change  ibeir  place  in  the  slightest  degree.  In  this  experiment  the  spectator 
looka  at  the  shilliag  in  an  obTique  direction,  and  the  rays  proceeding  from  it,  by 
which  it  ii  rendered  visible  after  the  water  has  been  pouaed  in,  are  bent  lowuib 
bis  eye  on  enteiing  the  air.  The  greater  the  density  of  any  medium,  the  greater 
ia  its  reftactive  power ;  and  of  two  refracting  media,  thai  which  is  of  an  "ilyor 
iuflammable  nalure.  will  have  a  greater  refracting  power  than  the  othei.  The 
incident  angle  is  the  angle  made  by  a  ray  of  light  and  a  line  drawn  perpen- 
dicular to  the  refiacting  surface,  at  the  point  where  the  ray  enlera  the  surface ; 
and  the  refracted  onglt  is  the  angle  made  by  the  tay  in  the  refracting  meditun, 
vith  the  same  perpendiculiir  continued.  The  line  of  the  angle  is  a  line  which 
aerves  to  measure  the  angle,  being  drawn  from  a  point  in  one  leg,  perpendicular 
to  the  other.  In  the  subjoitied  figure  ACD  is  tha 
iaaderU  angle,  H  C  E  the  refracted  angle,  and  B  C  H 
the  angle  of  dejxalion  /  A  F  is  the  sine  of  the  angle  of 
incidence ;  and  U  G  the  sine  of  the  angle  of  refraction. 
It  may  seem  extraordinar}'  that  light  should  pafs 
more  directly  through  n  dense  than  through  a  kh 
medium  1  but  it  has  been  ascertained  that  li^!.[ 
■ubject  to  attraction;  and  Sir  Isaac  Newton  <liaeii\< 
and  demonstrated  that  this  power  is  the  cause  of  n:: ... 
tion.  The  truth  of  this  theory  is  confirmed  by  tlie  Ij:.., 
that  the  change  in  the  direction  of  the  ray  cominenci's. 
not,  as  might  be  supposed,  when  it  comes  in  con- 
tact with  the  refractitig  medium,  but  a  little  before  it 
reaches  the  surface  j  and  the  incurvation  augments  in  proportion  ti 
the  medium. 

The  term  Ictu  is  given  to  any  transparent  substance,  ns  glass,  crystal,  walrr. 
or  diamond,  having  one  or  both  surfaces  curved  to  collect  or  disperse  the  light 
transmitted  bv  it.  The  lenses  in  general  use  are  nmde  of  glass,  and  are  ueubUv 
called  magnifying  glasses.  Clais,  however,  does  not  possess  a  greater  share  dT 
the  magnifying  properly  than  other  transparent  substances.  Mankind  have 
availed  themseives  of  the  principle  of  reiraction  to  excellent  purpose  in  the  con- 
atruction  of  lenses ;  for,  by  grinding  the  glass  or  other  substance  thinner  at  iba 
edges  than  in  the  middle,  those  rays  of  light  which  would  strike  upon  it  in  k 
straight  tine,  or  perpendicularly,  if  it  were  plain,  strike  upon  it  obliquely,  and 
the  refracliDa  they  suffer,  causes  tbem  to  ctnverge  ;  on  the  contrary,  by  making 
the  glan  thinner  in  the  middle  than  at  ihe  sides,  the  rays  are  refracted  the  cntp- 
trary  way,  and,  therefore,  become  tUvrrgent.  Ilia  nature  of  refraction  ifaranBli 
lenses  may,  perhaps,  be  rendered  more  clear,  if  we  reflect  that  all  curved  iup~ 
face*  are  composed  of  straight  lines  or  points,  infinitely  short,  and  inclming  to 
each  other  like  the  stones  in  the  arch  of  a  bridge.  When  parallel  rays  fall  upon 
a  surface  of  this  sort,  it  is  evident  that  those  on'y  which  enter  the  middle  part 
will  go  on  in  a  straight  direction  ;  those  which  strike  the  sides  will  strike  them 
obliquely,  and  will,  consequently,  he  made  to  converge.  If  the  surface  be  « 
perfect  curi'e,  it  is  clear  that  only  the  ray  that  strikes  the  centre  of  the  curve 
will  enter  it  in  a  straight  direction  ;  all  the  rest  will  be  more  or  less  relractrd, 
according  to  the  degree  of  ofaliquily  with  which  they  strike  the  surface,  and  th« 
whole  of  the  refracted  rays  wiL  converge  1o  a  point  called  the  focus. 

Glosses,  or  lenses,  are  usually  ground  for  optical  purposes  into  eight  differelit 
farms.  1.  The  lens  may  he  flat  on  both  sides,  like  the  pane  of  a  window.  3. 
It  may  be  6at  on  one  side,  and  convex  on  the  other.  J.  It  may  be  convex  on 
both  sides.  4.  It  may  be  flat  on  one  side,  and  concave  on  the  other.  £.  U 
may  be  concave  on  both  sides.  6.  It  may  be  convex 
Ml  the  other,  7.  It  may  have  one  side,  which  must  be  convex,  ground  into  Kttla 


it  approachem 


hoet*.  whOs  Ott  otbfr  >ide  u  plain.     8.  It  may  bava  coDiidfrabIa  length  In 
triangular  torn.     No.  t  ii  called  a  plane  glati  or  lent,  ai  iti  (ides  an  paralli 
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No.  2,  a  plano-cODvex  leni ;  No.  3,  a  double  convex  ;  No.  4, 
No.  S,  ■  double  concave;  No.  6,  a  meiitacus;  No.  7,  a  multiplying  gUwi  and 
No.  3,  a  prism.  The  term  leaf  n  usually  givea  to  >ucb  glaSKl  or  >ubftancct 
onlj  ai  either  ina^iff  or  dimini'ib.  Nos.  3,  3,  4,  and  3,  are  therefore  lenaei; 
No.  6  b  also  a  lens  vben  ita  nirfaces  are  Dortiona  of  different  spheres ;  but  nhen 
they  are  of  equal  radii,  or  parallel,  it  hag  only  the  effect  of  a  plane  elan. 
A  ray  enlrring  the  plane  glass,  No.  ).  will  be  refracted;  but  it  wiD  undergo 
another  refraclion  on  in  emergence,  wliish  will  rctlil'y  llie  former;  the  place 
of  As  object  win,  tluTefore,  b«  a  Uttia  alterecl,  bat  tba  fignn  w31  imaiB 
Aa  aama.  Sappoae  A  B,  Fig.  1,  to  repreaent  a  Mlid  pise*  of  eUm  with  two 
puaDel  im&ca,  an  inddcut  ray  B  F  wiD  bs  ra&actsd  into  F  Q,  and  F  O  will 
MTcfractctl  on  paaaing  &on  the  aaooDd  iiirfac«inloOH,pandlaltotliaarigiiwl 
diractioa  EF.    If  puallel  ray*  entei  tba  pkB»«OBna  ^m,  m  ibswn  by 


ftg.  %  the  ray  E  will  be  refracted  upmtdi  to  F,  and  the  rav  K  will  be  n 

Mwnward*  to  the  tame  point ;  there  they  wiQ  croaa,  and  then  n>  onward  ii 

■twJght  tine,  and  continue  to  dixeive  tiU  intercepted  by  aome  obstacle. 

•-    when  parallel  ray<  &U  upon  a  double-convex 

llaas,    K  G,  they  will   be  re&seted   still  more 

abruptly,  and  meet  sooner  in  a  point  or  prin- 

(qnl  focus  at  F.     The  distance  of  this  focus  it 

equal  to  the  semi-diaincter  ot  the  drdo  which  the 

convexin  of  the  glaas  continued,  would  produce. 

Either  this  glass  or  the  former,  as  they  eoUeet 

the  nj*  of  the  son  into  a  point,  will  Mini  kt 

diat  point,  the  whole  force  of  the  rays  that  pas* 

Arragh  them  being  couccntnled  there. 

From  all  Innunott*  obgeda,  the  rayt  of  Hght 
■roceed  in  a  state  of  dirergenee ;  but  when  the 
distanee  from  which  they  come  it  very  great, 
die  quantity  of  direijence  is  too  smaB  to  reqm 
and  the  tan,  for  example,  are  to  immensely  distant,  that  their  ray*  are 
alw^i  conndered  a*  parallel;  and  it  it  only  parallel  rayt  which  are  con- 
vei;ged  to  a  fiwDi  m  the  manner  deecribed.  Divergent  rayi  proceeding  from 
ap«int,  at  the  flame  of  a  candle,  will  be  differentfy  ■'beted.  If,  therefore, 
■  «uiDe  be  placed  exactly  at  tba  focal  diilanoe  of  ■  angta  or  doaUe  convex 
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Ud%  the  Tsyi  win  emei^  paratlet  to  each  other.  If  the  candle  be  pkeed 
nearer  to  tbe  glus  than  its  focal  distance,  the  rajB,  after  pas»ng  (hroiuh  Oia 
gtiLsi,  will  no  longer  be  parallel,  but  BeparaCe  or  Aiterge.  If  the  candle  ba 
placed  ttlll  furcher  off,  Ihe  rays  viU  then  strike  tlie  glau  mare  nearly  parallel, 
anil  will,  therefore,  upon  passing  through,  coorerge  or  unite  at  a  distance  behind 
the  glass,  more  nearly  approaching  the  distance  at  which  pBratlol  rays  would  be 
converged.  After  the  rays  liave  united  in  a  focns,  they  will  croai  each  other, 
and  form  an  inverted  picture  of  the  flsme  of  a  candle,  which  may  be  received 
on  apiece  of  paper  placed  at  the  meeting  of  the  rays  behind.  The  cause  of 
the  inversion  of  the  image  is  evident,  the  upper  rays  being  those  which  come 
from  the  under  part  of  the  luminous  body ;  and  tlie  under  rays,  on  the  contrary, 
coming  from  the  unoer  narl. 

In  looking  tl 
magnified  agreeahly  to  ll 

lines  in  which  the  raj*»  !  , ,  ,    .  . 

ffiigle  under  which  an  objeet  is  seen,  the  larger  that  object  will  appear.  From 
lenies  the  reverse  in  form  to  those  we  have  noticed,  we  naturally  expect  opposite 
effects;  accordingly,  the  attractive  and  refractive  powers  of  a  plano-concave 
and  douhle-concave  leni  Kre  not  towards  the  centre,  but  towards  the  circum- 
ference. Parallel  rays  fiJling  upon  these  lenses  diverge,  or  are  dispersed  Rays 
already  divci^nt  are  rendered  more  so,  and  convergent  rays  are  mode  leai 
convergent;  hence  objects  seen  through  one  of  these  glasses  appear  Huallet 
than  to  the  naked  eye.  Let  a  b, 
in  the  aubjoined  figure,  represent 
an  arrow,  which  would  be  seen  hy 
the  eye,  if  no  lens  were  before  it, 
hy  the  convergent  rays  acbt;  hut 
if  the  duuble-concave  glass  D  }i 
be  interposed  between  the  object 
and  the  eye,  the  ray  a  c  wiif  be 
bent  lonards  g,   and  the  ray  bi 

will  he  bent  towards  h,  and  consequently  hoth  will  be  useless,  as  Ihey  d 
enter  the  eye.  The  object,  then,  will  he  seen  by  the  rays  aobr,  which,  on  < 
ing  the  glass,  will  be  refracted  into  the  hnes  a  e  and  f  i ;  and,  according  to  the 
TuTe  laid  down,  the  object  will  be  seen  in  the  last  direction  of  ibeae  rays ;  there- 
fore, as  the  angle  oer  is  so  much  smaller  than  tlie  angle  acb,  the  arrow 
necessarily  appears  diminished;  and  as,  with  the  diminution  of  its  apparent 
size,  we  connect  the  idea  of  iCa  being  further  oS,  it  seems  to  be  at  toe  dif- 

The  tuiniscns  acta  like  a  convex  lens  when  it  ia  thickest  in'  the  middle,  that 
is,  when  its  convex  surface  is  a  portion  of  a  less  sphere  than  its  concave  one ; 
on  the  contrary,  when  it  is  thinnest  in  the  middle,  or  has  its  concave  surface  s 
portion  of  a  less  sphere  than  llie  other,  it  has  the  effect  of  a  concave  lens.  The 
axil  of  a  lens,  is  a  line  supposed  lo  be  drawn  through  the  centre  of  its  spherical 
surfaces.  When  one  aide  of  the  lens  is  plane,  the  axis  ii  perpendicular  to  that 
side.  The  axis  of  a  lens  continued,  would  pass  exactly  through  the  centre  oF 
that  sphere,  of  which  the  lens  is  the  segment.  The  fociu  of  a  plano-convex  lena 
b  at  a  distance  from  the  convex  surlace  equal  to  the  diameter  of  the  sphere 
of  which  it  is  a  Mrl ;  and  that  of  a  double  and  equally  convex  lens  ia 
at  half  the  lame  distance.  The  distance  of  the  focus  of  a  solid  globe  or  ball 
of  etusB  is  one  quarter  of  its  diameter  from  the  nearest  port  of  the  balL  To 
explain  the  effect  of  the  multiplying  glass,  (No.  7,)  it  will  only  be  necessary  to 
revert  lo  the  principle,  that  objects  appear  in  the  direction  of  the  line  last 
described  by  the  rays  that  render  them  vnihle;  hence,  if  the  object  B.  (p  213.) 
is  seen  through  the  glass  EH  by  the  ray  B  A  that  passes  through  the  surface 
F  G,  the  object,  hy  the  eye  at  A,  will  be  seen  at  B ;  the  ray  B  G  passes  Ihroneti 
the  surface  G  H,  and  oAer  refraction  comes  to  Ihe  eye  in  ihe  direction  of  A 1), 
■s  it  proceeded  from  D,  and  therefore  the  object  appears  at  D  ;  and  for  the  same 
reason,  through  the  surface  F  E,  it  appears  at  C :  consequently,  there  will  be 
Ihe  appearance  of  us  many  objects  ai  there  ore  fiat  snriaces  on  the  gisM,  for 


neb  nf  them  ibowi  (he  ume  object  in  a  dificreot  place.    TIic  diipoution  of  lltt 
nji  «{  light  to  be  turned  back  into  tbe  loedium  from  irbeace  the/  came,  b 


taUtd  their  r^exHHity;  the  change  of  direction  produced  bj  (beir  being  ac  In  olljr 
turned  back,  is  called  rrjleclion.  All  object!  which  are  not  Ihemseltej  luminous 
are  rendered  Tisible  b;  reflection  ;  and  glasi,  cnital,  walrr,  and  llie  most  pellucid 
media,  reSect  a  portion  of  the  rays  of  li^ht  vbich  foil  on  them,  or  their  fnnna 
and  Hibatance  could  not  be  diadnguiihed.  On  the  other  band,  the  vhole  of 
tile  incident  light  is  not  reflected  from  any  mrface,  however  bright,  imooth, 
sn>]  upiK{ue,  ][  1^  c.itciilriieil  that  the  best  mirrors  reflect  liltic  more  than  haLf 
Ifaa  light  Hu-j  reecire ;  the  part  lo«t  oooaifti  of  two  pottiona,  one  of  whic^ 
uid  by  far  the  largeat,  being  ab«arbed  by  tbe  miiTDr,  aiid  tbe  other,  icaltertd 
by  irregular  reflection.  LiEbt  ii  alwajra  \M,  id  paaaing  thioogh  the  moat  Imu- 
parent  bodiea,  by  the  aame  Uwi. 

The  diSercDt  refrangibllity  of  tbe  n^  iX  Iwht  ia  deuoiulnttd  by  the  prirai. 
If  >  beam  of  light  from  tbe  son  be  let  into  ■  darkeaed  room,  and  be  receiTed 

ra  vhiCa  icreen  or  oppoaite  wall,  it  will  fonn  •  circular  image,  md  will  be 
le  tmiforaa  wbiunev.  If  a  priun  be  intetpoted,  ao  that  the  light  moal 
pua  through  it  before  it  reachea  the  wall,  tbe  image  ia  oo  longer  circular  ar 
white;  it  aiaume*  an  oblong  abapc,  teiminated  by  annidrcular  arebea,  and 
exhibit!  leren  different  coloura.  Thii  oblotig  image  ii  called  the  ipectrum. 
In  the  whole  range  of  philoaopbical  experiment,  a  more  beanliful  appearance 
cannot  be  presented  to  the  eye,  and  in  structiTe  nature  wiU  appear  notloa  extra- 
ordinary than  ita  beauty,  when  it  ia  considered,  tbat  the  inreatlgBtion  of  ibe 
cause  of  it  led  Sir  Isaac  Newton  to  form  tbe  lint  ratjonal  theory  of  the  cause 
of  colours.  Tbe  seven  colours  of  the  apectrum  are  called  tbe  original,  or  pri- 
maijr  coloura.  If  a  spectrum  he  diTtdo)  into  IDO  parts,  the  red  part  of  it  ia 
found  to  occupy  II  of  these  parts;  the  orange  8,  tbe  jellow  14,  the  green  17, 
the  blue  17,  the  indigo  11.  and  tbe  violet  22.  Tbe  red  part  of  tbe  spectrum 
ia  nearest  the  prism ;  and  the  violet,  at  tbe  greatest  distance.  It  ia  clear,  from 
tbia,  that  light  is  not  homogeaoiu,  because  the  attractive  power  of  the  ptism  ii 
greater  upon  some  parts  of  it  than  tipon  other  parte.  Accordingly,  it  u  gene- 
nQy  concluded  that  the  aolar  beam  or  white  light  ia  cotnpoiled  of  particles 
differing  in  size  and  density;  that  this  diflerence  of  their  mm  and  density  ia 
tbe  cause  of  their  being  differently  refrangible;  and  that  the  aeparation  of  the 
laya  of  one  or  more  siies  from  the  rest,  bv  various  memu,  produeei  all  the  diver- 
(ity  of  colours  which  affect  our  aigbL  It  is  fotmd,  tbat  the  red  part  of  light  is 
capable  of  atmggling  tbroogb  tbi^  and  resisting  medionu,  when  all  tbe  other 
colotm  are  stopped.  Thus,  tbe  aun  appeara  red  when  seen  through  a  ix>g. 
The  particles  which  compose  orange  light  are  nest,  in  size  and  refrangibility,  to 
tbe  Kd;  and  so  on  to  tbe  nolet,  wbicb  consiita  of  the  smallest  particles,  and 
which  arc,  therefore,  the  most  turned  out  of  their  course.  White  is  composed 
'of  all  tbe  primary  colours,  mixed  together  in  their  due  proportions.  When 
bodies  reflect  tbe  rays  of  hght  in  the  proportion  in  which  they  exist  in  the  solar 
beam,  they  appear  white ;  when  they  reflect  none  of  the  lays,  thev  appear  black. 
Cenvez  lenses  in  their  simple  state  have  been  qiplied  to  colleel  the  heat  of 
,llic  bub'b  rajs,  tat  parpoeea  iimilK  to  tbote  of  burning  mitmn.    A  burning 
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I«ni  muit  be  coovex ;  ■  burning  mirrar,  eimcuvr  i  bfcauM  bolb  prnjuc 
vtTect  by  conceiilratiiig  into  a  focui  ihe  rnya  of  liglil  and  hot  incident  uw*'^ 
lar^e  lurhce.  Aa  the  rays  which  puis  through  a  convex  leni,  or  are  reffecled 
from  ■  concave  mirror,  nre  united  at  its  fucua,  their  efTi-el  is  ao  much  ilia 
gr<>aler,  aa  llic  surface  of  tlie  Jem  or  mirror  exceeds  thai  of  the  fociia.  Thui^ 
if  a  lens  four  inches  in  diamcler  callect  tlie  tuii'i  rayi  into  a  focua  at  the  dia- 
Unce  of  one  foul,  the  focal  image  will  not  be  more  than  one-tenth  of  an  ineb 
brand.  The  aurface  of  this  circle  ■■  1600  limes  leas  (ban  ibe  aurface  of  tha 
lent,  conwquenlly  the  density  of  the  sun's  rays  within  it  ii  propOTlionnuly 
increued.  It  hu  been  found,  that  large  lenses  and  mirron  burn  with  irresis- 
tible intensity  when  properly  constructed,  diapening  the  hardest  metala  and 
other  tubslancei  into  gas,  often  in  a  few  seconds.  See  Burkinq  Gt.a*s,  and 
the  various  olber  optical  initrumenis,  under  their  respectire  names. 

ORES.  The  nuiutal  bodies  wbence  metala  arc  entntcted.  Metallic  sub- 
ilancea,  when  found  pure,  are  called  native;  but  when  combined  with  other 
labstaiices,  as  they  generally  ere,  they  are  denominated  ores.  As  it  is  of  llie 
utmost  importance  to  be  acquainted  with  the  materraU  of  which  ores  ate  com* 
posed,  as  well  as  the  simplest  and  easiest  processes  by  which  they  may  be  aepa- 
rated  from  each  otiier,  we  deem  it  necesaaty  to  give  the  following  brief  account 
of  tbe  niodes  of  reduction  usually  adopted. 

Orel  q^  Gold. — Gold  exists  in  nature  onlv  in  the  metallic  slate;  but  it  i* 
scarcely  ever  found  perfectly  pure,  for  it  ii  alloyed  in  different  proportioni  with 
silver,  copper,  tellurium,  and  some  olher  metala.  When  it  i>  alloyed  with  silrer 
or  copper,  or  even  with  both,  the  gold  retains  its  ductility;  but  when  combined 
with  tellurium,  iti  distinctive  characters  entirely  disappear.  The  preaenre  of 
gold  may  easily  be  detected  by  IrealiJii;  the  mineral  auupoied  to  contain  it  with 
niiro-munstic  acid,  and  dropping  munate  of  tin  into  the  solution.  If  the  solu- 
tion contnins  any  gold,  a  purple  precipitate  immedinlel;  appears.  Native  gold 
ought  to  be  dinnlved  in  nitro-muriatic  acid  ;  the  silver,  if  any  is  present,  hlla 
to  the  bottom  in  the  stale  of  muriate,  and  may  be  separated  by  filtnttion,  and 
weighed.  Pour  aulphate  of  iron  into  the  solution,  and  the  gold  is  precipilaled  in 
the  metallic  state.  The  copper,  if  any  is  present,  maybe  nrecipitnted  by  meani 
of  a  plate  of  iron  ;  the  presence  of  iron  may  be  ascertained  by  dropping  tincture 
of  nutealls  into  a  portion  of  the  solution.  The  auriferous  pyrites  may  be  treated 
witli  diluted  nitrous  acid,  which  dissolves  the  iron,  and  separates  tbe  sulphur; 
the  gold  remains  insoluble,  and  is  found  in  the  state  of  small  grains,  In  the 
Hungarian  gold  mines,  which  are  the  richest  yet  known  in  the  old  continent, 
the  attention  of  the  miner  is  not  merely  limited  to  Ihe  strings  of  ore,  but  U>  tbe 
whole  contenta  of  the  vein,  which  are  usually  extracted,  and  raised  to  the  sur- 
face in  large  masses.  These  masses  are  distributed  to  tbe  workmen,  who  break 
them  down,  first  with  large  hammers,  and  afterwards  with  smaller  ones,  till  the* 
are  reduced  tojtieceaof  the  size  of  a  walnut;  the  native  gold,  with  the  matrix 
attached  to  it,  is  again  to  be  broken  by  hand  into  still  smaller  pieces,  by  which 
meant  other  impurities  and  stony  matters  are  separated.  The  ore  ia  then  intro- 
duce^into  a  wuiiden  box,  floored  with  cast-irou  nlutes.  and,  by  the  action  of  twa 
or  more  heavy  s]iars  of  oak.  which  are  shod  with  iron,  and  alternately  worked 
like  the  comninn  stamping  mill,  it  is  reduced  to  a  fine  powder;  this  powder, 
which  is  culled  flour,  is  then  removed  into  a  vessel  like  a  large  basin,  and  mixed 
witli  such  n  quantity  of  salt  and  water  as  will  render  it  damp;  the  wiirkman 
then  lakes  a  thin,  porous  leather  bag.  introduces  a  qiianiity  of  mercury  into  it, 
and.  by  regular  and  continued  pressure,  forces  the  mercury,  in  very  minul* 
drops,  Ihrougli  tbe  leather.  In  this  divided  state  it  falls  upon  die  pu!veri(ed  oi*, 
«nd  is  immediately  kneaded  up  »iih  it,  till  the  requisite  quantity,  which  dependa 
on  the  proportion  of  gold,  has  been  added      After  completing' this  part  of  tba 

E recess,  tlie  next  object  ia  to  incorporate  the  mercury  and  gold :  this  is  effected 
y  rubbing  the  mixture  together  for  some  time  by  means  of  a  wooden  pMtle; 
Ihe  mixture  ia  then  healed  in  a  proper  vessel,  and  subjected,  for  three  or  foor 
daya^  lo  the  temperature  of  boiling  water ;  luid.  lastly,  the  mixture  is  to  be  care- 
fully  washed  by  aninll  parcels  at  a  tune,  s.>  thai  llio  earthy  particles  may  btt 
cairied  oil'  by  the  water ;  the  ineri-UFy.  combined  with  the  gold,  only  remaint 


behind  in  tLe  form  of  amalgam.  A  porlion  et  (hit  mneary  m  iIub  imntad 
faj  pressure,  in  a  leathern  bag,  and  the  remainder  ii  driren  ^  iy  4ugUatioi^ 
Irav ing  behind  the  gold  and  silver,  wiih  which  it  ma;  be  alloyed.  When  IhU 
metal  i>  found  in  other  orea.  they  are  first  foaalcd,  to  diipana  the  volatile  prin* 
ci[>les,  and  to  oxidite  the  other  metals.  The  gold,  which  ii  but  little  subject  ta 
oiidBlloti,  (8  extracted  by  amalgamatian  or  by  cnpellation,  or  either  method^ 
adapted  to  each  ore,  according  to  its  properties  or  consCitueDt  parts.  The  metal 
obtained  in  these  irays  Js  always  more  or  less  alloyed,  particularly  with  silver 
and  copper.  The  iirst  step  in  its  purilicaiion  is  the  process  of  cnpellation.  (Sea 
C'uFELLATiOK.)  llis  gold,  after  it  has  been  aubmitlcd  to  this  process,  is  oFlsn 
alloyed  with  silver,  vhich,  being  nenrly  as  difficult  of  oxidation,  is  not  removed 
by  the  action  of  lead;  and  hence  the  necessity  of  the  operatkn  deaominated 
parting,  for  which  see  PiariHo. 

Ora  of  Platinum. — The  whole  of  the  ptotinnm  which  has  been  brought  to 
Xorope,  has  been  previously  Bubjecied  to  the  proeees  of  analgBmation  in  Sonth 
America;  and  hence  it  happens  that  a.smBll  quanti^  of  mercnir  remains  ia 
IL  In  treating  the  ores,  therefore,  the  lir^t  object  ia  to  separata  the  mercury  by 
metin9  of  Iiese,  ciilier  in  an  open  laill^,  or  in  an  earthy  letort;  the  plalinnu 
remaining  after  the  mercury  is  thus  driven  oS,  appeal*  much  yellower,  hecauaa 
the  particles  of  gold  disjperaed  through  it  exhibit  their  peculiar  colour,  ftouat'i 
BMthod  tJ  analviis  is,  Gnt,  to  separate  the  sand  with  which  the  grains  of  pl*- 
tmum  are  mixed,  by  exposing  them  to  a  blast  of  air.  By  heat  tie  evaponuca 
dw  mcreury,  which  stilt  adheres  to  them,  and  then  picks  out  the  grains  of  gold, 
which  are  ^ways  mixed  with  platinum,  and  which  are  thtia  rendered  visible. 
Tbe  ore  ia  then  dissolved  in  an  acid  composed  of  one  part  of  nitre,  and  three 
parts  of  muriatic  acid;  a  black  powder  remain* :  this  jiowder,  when  roaste^ 
firea  sat  phaspltonia  and  sulphur.  After  the  separation  of  the  ^Id,  nitro- 
■tnialie  aidd  beitiK  poured  on  the  remaining  mass  will  disaolve  i^  with  tha 
neeption  of  a  smaUqQantin  of  black  matter,  which  wm  formerly  mistaken  for 
llmubago,  but  ia  now  proved  to  be  a  compoond  of  osmium  and  iridium,  two  of  Iha 
nor  n>w  metallic  bodiea,  which  were  discovered  a  few  years  ago  by  Mr.  Tennant 
Tbeae  two  metala  Dr.  Wollaslon  has  since  shown  to  exist  also  in  the  crude  ph^ 
faniin  ore,  united  together  in  the  form  of  distinct  minute  crystals,  and  dispersed 
througli  the  other  grains,  from  which  ihey  can  be  dii-linguiahed  and  picked  out 
without  difficulty.  Muriate  of  ammonia  being  now  added  to  the  solution,  the 
y'n'^"""'  is  precipitated  in  the  form  of  a  yeliowiih  powder,  which  is  a  compound 
td  muriatic  acid,  ammcnia,  and  platinum  i  the  remaining  solution,  after  tha 
plaiinnm  has  been  sepamled  from  it,  still  contains,  besides  iron,  minute  quan- 
titica  of  various  other  substances,  amongst  which  the  two  other  metallic  bodies 
palladium  and  rhodium,  were  discovered  ay  Dr.Wollaston.  Having  now  brought 
the  platinum  to  the  state  of  salt,  (be  nest  object  is  to  resuj^  it,  thus  purified, 
to  its  metallic  state,  and  to  consdUdate  it  into  a  malleable  mass ;  this,  from  the 
(Teat  infiisibility  of  plalinnm,  hu  long  been  a  matter  of  considerable  difficult 
and  labour.  It  bad  been  long  discovered  that  arsenic  readily  united  with  pla- 
tinum, and  (bnned  with  it  an  alloy  of  great  fusibility ;  an  alloy,  therefore,  waa 
Made  of  crude  platinum  and  anenic;  and  the  latter  metal,  bring  easily  vola- 
tilixed,  was  driven  off  by  heat,  whilst  the  iron,  being  oxidated  during  the  {>roces^ 
waa  alio  aeparated  from  the  mass;  so  that  the  platinum  was  left  m  an  impure  , 
bat  malleable  state. 

Ores  of  SUver, — The  analyna  and  redaction  of  theee  diSerent  orea,  it  b 
seaiecly  necnaary  to  observe,  must  be  conducted  according  to  the  nature  and 
prt^mrtion  c^  the  ingredients  which  enter  into  the  composition  of  the  ore  to  tm 
•xamined  or  rednced.  Pure  native  silver  requires  no  other  assay  than  fusion, 
with  a  little  potaib  to  free  it  from  its  earthy  matter.  In  the  humid  way,  the 
■Ivcr  may  be  dissolved  in  nitric  add,  and  precipitated  by  common  salt ;  tha 
prscipitate  may  then  be  fused  with  snda  in  a  crucible,  by  which  the  silver  ia 
ehtained  pore,  and  the  muriate  of  soda  sublimed.  The  suriferous  silver  orea 
■a^ba  treated  with  potash,  by  fusion  in  a  crucible;  the  alloy  of  silver  and  gold 
is  bat  obtained,  and  the  two  metals  may  be  separated  by  the  process  of  parting. 
Tbcae  ore*  which  consist  of  silver  comluued  with  antimony,  or  aricnic,  or  bot^ 
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biidaliDg  the  meula  to  be  diasipaieiL  Tbe  orei  of  lilver  are  reduced  either  bv 
fusion  cr  •mdgamalion ;  the  former  metliod  ii  chiefly  pracliaed  oD  native  nit 
phiiret  of  lead  or  gulena,  which  commanly  containi  a  portion  of  silver,  and 
often  in  such  quantity  as  to  make  iti  separalian  from  the  lead  a  prolitnbls 
uudertaking.  After  the  lend  hai  been  eiti^ied  Iroin  theore,  the  object  of  tba 
refiner  is  to  obtain  the  silver  in  s  sepsraie  state,  which  is  diipened  through  tho 
DiaH  of  lead ;  this  ia  performed  by  the  proce»  of  cupellation  on  a  Urge  scale, 
or  refining,  as  it  is  utually  termed.  The  other  proceia  of  reducing-  silver  ores 
bv  amalgamiilian  ii  now  pretty  generally  followed  in  difierent  ports  of  Europe. 
The  ores  which  are  lubjected  to  amalgsiiiBtion  are  such  as  contain  otily  n  imaU 
quantity  of  lead  or  cQpper;  but  it  is  of  tome  importance  that  there  should  be 
a  certain  proporiion  of  iron  pyrites:  and  if  this  proportion  be  not  nattirally 
tnixed  with  the  ore,  it  is  a  good  practice  la  lupply  the  deficiency  by  adding  lih«l 
b  wanting  t«  the  dre»ed  ore,  to  that  the  jiyriiical  contents  may,  at  nearlj  m 
possible,  be  in  a  certain  proporiion  to  the  quantity  of  silver,  which  is  to  ba 
aicertdned  by  previously  assaying  a  portion  of  Ibe  ore.  The  ore  being  rcdueed 
Id  the  coniistenra  of  coarM  sand,  is  carefully  mixed  with  common  «alt,  in  the 
proportion  of  eight  or  nine  per  cenL ;  when  the  (itver  in  the  ore  amoiinta  to 
eight  ouncei  per  qnintal,  and  when  the  latter  amounti  to  thirty-lwo  ounces,  or 
even  a  greater  proportion,  from  ten  lo  twelve  per  cent,  of  «all  l>  to  be  added. 
The  nent  process  is  roasting  the  ore.  in  which  about  three  quintals  are  spread 
on  the  flour  of  a  reveiberatory  surface,  and  subjected  to  a  moderate  red  heat 
During  the  roasting,  the  ore  i>  to  be  turned  twice  or  thrice,  that  every  pari  of  il 
may  be  equally  exposed  to  the  heat  When  the  nhote  of  the  ore  is  roasted,  ft 
is  ground  m  a  mill  and  passed  through  sieve:),  by  which  it  is  nude  as  fine  as  meU. 
and  is  then  prepared  for  the  proper  proceiis  of  amalgamation  :  this  is  performed 
in  the  Ibllowing  manner:— A  number  of  small  barrels,  which  are  made  lo 
revolve  rapidly  on  their  axis  by  means  of  tnachinery ;  or  fined  luhi,  either  open 
or  covered,  having  in  the  centre  of  each  an  instrument  resembling  a  chocolata 
mill,  which  maj'  he  turned  rapidly  by  similar  machinery;  Ibe  tubs  or  barrels 
are  filled  about  one-third  with  water,  and,  afterwards,  a  sufficient  quantity  of 
toasted  ore  and  mercury,  in  nearly  equal  proportiona,  ii  introduced,  m>  that  th» 
whole  may  be  of  the  consistence  of  thin  mud.  The  machinery  is  put  in  rnntlan, 
and  continued  without  Inlerruption,  for  iliiriv  or  forty-eight  hours,  according  U 
the  nature  of  the  ore,  wlien  the  amalgamation  is  completed.  About  a  quarter 
of  an  hour  after  the  agitation  of  the  matter  in  the  barrels  has  ceased,  tha 
greater  part  of  it  falls  to  the  bottom,  and  is  withdrawn  by  opening  a  hole  mad* 
lot  the  purpose  ;  the  earthy  residue  is  carefully  washed  by  small  portions  at  K 
time,  and  thus  a  good  deal  of  the  amalgam,  which,  from  being  very  minutdj 
divided,  could  not  sink  throtigb  and  mix  with  the  rest,  is  recovered.  Tha 
earth,  however,  if  originally  ricii  in  silver,  still  retains  a  small  proportion ;  itii, 
therefore,  driei^  and  being  mixed  with  about  three  per  cent,  of  ebIc,  is  agaut 
roasted,  but  at  a  higher  temperature  than  at  first;  and  the  process  of  amalgam*- 
tion  being  again  repealed,  the  whole  of  the  silver  is  exlracled.  The  fluid 
amalgam  is  strained  through  a  closely  woven  bag,  and  is  thus  separated  inlA 
nearly  pure  mercui;  and  a  stiff  amalgam  ;  and  the  latter  being  aubjecMd  W 
distillation,  ihe  mercury  is  driven  over,  and  the  ailver  remains  behind:  tb* 
copper,  which  is  combined  with  the  silver,  is  separated  by  cupeltstiini. 

Orel  ofMercur;/. — These  present  less  variety  than  those  of  many  other  metals; 
and  on  account  of  the  peculiar  properties  of  the  metal,  the  management  of  iCi 
ores,  whctberfor  the  purposes  of  analysis  or  reduction,  is  less  complicated  and' 
difficult,  in  order  to  analyse  the  ore  of  native  mercury,  or  native  amalgam, 
it  may  be  dissolved  in  niinc  acid.  The  gold,  if  any  is  present,  remains  in  (he 
slate  of  powder,  and  may  be  estimated  by  its  weight.  The  aOiision  of  waMr 
precipitates  the  bismuth,  if  Ihe  solution  happens  lo  contam  any.  Coromnn  aalt 
precipitates  the  silver,  and  also  part  of  the  mercury,  but  the  bllcr  may  b«  redie- 
solved  b^  a  sufficient  quantity  of  water,  or.  which  is  far  better,  of  oiymuriatie 
add,  wluie  the  muriate  of  silver  remains  insoluble  \  lastly,  llie  mercui]'  ntaj  ba 
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i  by  tulphjtte  of  iron,  ind  Ntimalcd.  Nstiva  rianuwr  miy  b* 
wilb  ■  inixlure  of  three  parli  inurUlic,  and  oiie  part  nitric  Bcid,  which  dinolvci 
tht  mercury,  and  leare*  ihe  suipbur.  Muriale  iif  mercury  may  be  digested  in 
uunaiic  acid,  till  [lie  whole  in  diuolvrd.  Muriate  of  borytei  precipitalet  the 
mlDburic  acid.  100  parti  oTnhich  are  equirslpnt  to  186  of  sulphate  uf  mercury, 
•Dd  tlte  proportion  of  thti  aalt  being  liiiawn,  we  hai-a  that  of  tlte  muriate.  A 
Very  aimple  proceas  is  folloved  for  reducing  the  ores  of  mercury  ;  tba  best  and 
most  Mlentilic  method  ii  that  practised  at  the  mines  of  Deaux  Puuts  and  Pons. 
The  ore.  as  it  isbroi^hlout  nfthemine,  i«  carefully  sorted  by  the  hand,  and  lliosa 
parts  which  seem  destitute  of  metal  are  rejected.  It  is  next  reduced  to  powder, 
Knd  accurately  mixed  wilb  one  fifth  of  quicklime,  which  haa  fallen  to  puwdcr 
bj  exposing  it  ta  the  air,  the  quaatity  of  quiclclime  being  regulated  by  the  pro- 
tKHtioDi  of  cinnabar  contamed  in  the  ore.  The  mixture  being  thus  prepared, 
u  iatroijaced  into  iron  retorts,  which  are  capable  of  holding  about  sisty  pounds 
weighL  Tb>  retorts,  to  the  number  of  forty  or  fifty,  are  fixed  in  a  long  furnace, 
and  a  ^aia  receiver  is  attached  to  each,  hut  it  is  not  luted.  A  moderute  heat 
ia  th«i  applied,  for  the  purpose  of  driving  off  tbo  wh<de  of  the  moisture,  and 
when  tbis  is  done,  the  joinings  of  the  vessels  must  be  closely  stopped  with  tem- 
tMrtd  clay,  and  a  fall  red  heat  is  to  be  applied,  and  continued  for  iieven  or  eight 
bonrsi  at  the  end  of  which  time  the  whole  of  the  mercury  will  be  roIatiUied, 
■ad  condensed  in  the  receiver  By  this  process,  it  is  found  that  fnim  six  to  ten 
Minces  of  metal  are  produced  from  one  hundred  pounds  of  the  ore. 

Orrt  tjf  Copper. — This  metal  is  found  native  in  the  stale  of  oxide,  in  the  state 
W  mlpluiret,  and  in  that  of  salt,  combined  with  carbonic,  muriatic,  phosphoric, 
•nd  anenic  acids.  Native  copper  sometimes  contains  gold,  silver,  or  Iron.  It 
mar  be  dissolted  In  nitric  acid  :  the  gold  remains  in  the  state  of  a  blackish  or 
rmUtn  nolet-cotoured  powdery  the  silver  may  be  separated  by  a  polished  plata 
aT  copper  (or  it  may  be  precipitated  from  a  separate  portion  of  the  solutioa  by 
eommon  salt) :  the  iron  may  be  separated  by  boiling  the  solution  to  dryness, 

■  treating  the  residuum  with  water.  By  this  process,  the  nitrate  of  iron  is 
imposed :  the  oxide  of  iron  remains,  vliile  the  water  dissolves  the  nitrate  of 
anpperi  this  last  salt  laay  be  decomposed  by  boiling  it  with  potash  ;  the  precipi- 
""'e  dried  in  a  red  heat  is  black  oxide  of  capper ;  one  hundred  parts  of  it  denote 
jbty  of  the  metaJlic  copper.  Sulphurel  of  copper  may  be  dissolved  in  dilutie 
■itric  acid ;  part  of  the  sulphur  remains  unaltered,  and  may  be  estimated  by 
milling  i^  and  burning  it  off;  part  is  acidified,  and  may  be  precipitated  by 
BJInU  of  barytea,  100  parts  of  the  dried  ptecipiute  indicating  14.5  of  sulphur. 
Bjr  wapotaljoa  to  dryness,  and  solution  in  water,  the  iron  is  separated,  and  the 
coppa  may  be  estimated  a*  in  the  last  paragraph,  or  muriatic  acid  may  be  used 
'  '  '  t  nitric  acid,  but  in  that  case  it  is  more  difficult  to  obtain  a  complete 
The  usual  process  employed  in  our  Cornish  mining  districts,  for 
nducing  copper  ores  to  the  metallic  slate,  are  described  under  the  article 
Coma,  (which  see.) 

Om  of  Iren, — Notwithstanding  the  great  variety  of  iron  ores,  they  may  be  all, 
u  &r  as  analysis  is  conoemed,  arranged  under  three  heads ;  namely,  sulphurets, 
Mades,  and  salts.  Tbe  first  are  distinguished  by  their  general  bronze  colour, 
but  mwe  particularly  by  the  suffocating  smell  of  sulphureous  acid  gas,  which 
tbey  afford  by  being  heated  lo  redness  in  the  open  uir.  The  second  consist  of 
no  united  with  oxygen,  and  are  by  far  the  most  common  of  all.  Nearly  the 
whole  of  the  iron  ores  in  uie  ate  of  this  kind,  containing  also  different  propor- 
tian*  of  earthy  matter  in  their  composition.  The  third  division  comprehends  such 
»  conaiit  of  the  oxide  of  iron  combined  with  some  acid,  and  hence  ore  called 
■Its;  the  principal  varieties  of  these  arc  the  phosphates,  sulphates,  arseniates, 
■id  Mtbonates.  The  various  processes  employed  at  our  great  iron  works  for 
the  reduction  of  the  different  spsdea  of  iron  ore,  are  given  under  iha  article 

j  Ott  tf  Tia.— Tin- stone,  or  vein  tin,  as  it  is  colled  in  Cornwall,  contains  a 
ilHfc  proportion  of  stony  matters ;  it  therefoie  requires  considerabie  care  in  its 
,  inpMaltDti,  previously  to  its  being  reduced.  It  is  first  broken  by  hammers  into 
" — ■  abovt  Um  aixe  <d  a  bug's  ^g,  when  it  is  ready  for  the  c^taiUion  of  stamp- 


iog,  whicli  13  perfonned  in  ihe  vay  already  deicribed  for  iKr 
exccptiug  ihat  (here  arc  only  three  itampcn.  A  tin  plate  of  nboul  a 
iquare,  and  pierced  vilh  boles,  to  admit  a  moderate  ^ed  kniciing  needle,  i» 
inierted  in  front  of  tbe  trough,  and  that  surface  of  the  plate  with  the  tough 
entremiliea  of  tbe  holes  is  on  the  inside,  by  which  the  bolei  are  prciented  from 
being  plugged  up  with  the  ore.  As  Ihe  ore  ii  reduced  to  the  proper  (inenesi, 
it  pataei  wilh  the  vatet  through  the  holes  into  Ihe  labvrinlh  where  it  ii  collected, 
and  after  being  utiulied  on  a  wooden  table,  it  la  ready  for  roasling.  In  thii  itatc 
it  baa  a  considerable  proportion  of  copper  and  iron  pyrites,  and  is  called  black 
tin  ]  after  being  calcined,  at  a  low  red  beat,  for  leverol  hours  in  a  Urge  rcvcr- 
beratory  furnace,  the  ore  comes  out  of  a  bright  ochrey  red  colour,  owing  to  the 
decompDsJtion  and  oxidation  of  some  of  the  metallic  substances;  but  the  ojdde 
of  tin,  when  the  operation  is  properly  conducted,  remains  unaltered.  The  ore 
is  washed  a  second  time,  to  separate  the  remaining  impurities,  and  the  water, 
which  is  impregnated  wilh  sulphale  of  copper,  i«  retained,  and  decomposed  by 
means  of  old  iron.  The  reduction  of  the  ore  is  the  next  step  in  the  process  i  *e*cn 
cwt.  of  Tuaateil  ore,  with  one  fJih  of  iti  hulk  of  small  coal,  are  introduced  into 
a  reverheralory  furnace,  which  is  about  seven  feet  long,  and  three  and  a  half 
wide — no  lime,  or,  indeed,  flux  of  any  kind,  is  required.  A  brisk  he«t  is  kept 
up  fur  about  six  hours,  the  tin  sinking  down  ai  it  is  reduced,  and  corered  with 
black  acoris.  The  furnace  is  now  tapped,  and  the  metal  flows  into  a  shaUas> 
pit ;  when  the  whole  of  the  metal  has  run  out,  the  scoriK  are  removed  from 
llie  furnace,  and  a  fresh  charge  is  made.  'Hie  metal  in  the  pit  throws  up  a 
slag,  rich  in  metal,  which  is  immediately  returned  into  the  furnace,  and  after 
the  melted  tin  has  cooled  a  little,  it  is  taken  out  wilh  ladles,  and  poured  into 
granite  moulds  ;  each  charge  afibrds  on  an  average  from  four  to  live  cwt  at 
metal,  hut  as  the  first  scoria!  are  not  entirely  free  from  metal,  they  are  again 
stamped  and  washed,  and  mixed  with  a  new  parcel  of  roasted  ore.  Tbe  pigs  of 
tin  are  next  put  into  a  small  reverberalory  furnace,  where,  without  any  addilion. 
they  arc  subjected  to  a  very  gentle  beal ;  the  purest  part  of  ihe  tin  mella  first, 
ttnd  is  drawn  aS",  forming  what  is  called  common  grained  tin ;  ihe  other  part  con- 
tains some  cupper,  arsenic,  and  iron,  which  is  brought  to  a  stale  of  fusion,  and 
cast  into  pigi,  farming  common  tin. 

Oret  o/Lfod.- — Tlie  methods  of  reducing  lead  ores  have  been  given  under  the 
article  Lead.     See  also  Separation. 

Oret  of  Bamttth. — Bismuth  is  accompanied  by  native  silver,  galena,  some 
other  metals,  and  earthy  substances.  In  conducting  the  analysis,  previous 
roBsling  is  not  requisite.  The  low  degree  of  heat  at  which  bismuth  is  fusible 
renders  the  reduction  of  Ihe  ores  of  this  metal  a  very  simple  process.  In  the 
large  way,  ihe  ores  were  formerly  reduced  merely  by  beating  them  along  with 
burning  fuel;  aometimes  a  shallow  hale  was  mane  in  the  graund,  and  filled  ' 
loosely  with  pieces  of  wood  and  bushes,  and  after  the  (ire  was  kindled,  the  ore, 
reduced  to  small  pieces,  was  thrown  in ;  sometimes  the  stump  of  a  hollow  pine 
tree  was  filled  with  wood  and  ore  alternately,  ond  set  ou  fire,  the  bismuth  sepa- 
rated from  its  matrix,  and  collected  in  a  moss  at  the  bottom  ;  the  scarcity  of  wood 
has,  however,  put  an  end  to  these  rude  and  extravagant  methods,  and  the  ores 
of  bismuth  are  now  reduced  in  a  common  reverberatory  furnace,  the  bed  of 
which  is  lined  wilh  cliarcoal,  whence  the  melted  metal  is  removed  in  iron  ladles, 
and  cut  into  masses  weighing  twenty  or  thirty  pounds,  in  which  state  it  ii 
brought  to  market. 

Orel  of  Zinc. — The  ore»  of  zinc  are  the  native  carbonate,  or  common  cala- 
mine, the  oxide  of  xinc  and  blende,  or  the  Bulphuret  of  zinc.  In  the  process 
for  reducing  the  ore  of  zinc,  it  Is  first  to  he  hraken  into  small  pieces,  and  the 
diflerent  impurilies  being  separated,  it  is  next  calcined  in  a  reverberatory  fur- 
nace, at  a  moderate  red  heal ;  and  if  the  ore  be  calamine,  the  carbonic  acid  is 
driven  olT,  and  if  blende,  it  ia  deprived  of  its  sulphur.  After  this  it  is  waahed, 
and  the  metallic  oxide  being  separated  lirom  Ihe  earthy  ports,  it  is  dried,  and 
carefully  mixed  with  about  one  eighth  of  its  weight  of  charcoal,  by  giindinp  "'- 
ingredients  together  in  a  mill,  and  is  now  ready  for  the  smelting  process, 
it  petfotmed  m  a  circular  furnace,  in  which  a     °     >  ■    >      .  .    .■  _ 


tt  faigb,  and  nearly  in  the  shape  of  oil  Jan.  An  iron  tube  is  in- 
lnfa>  the  bottom  of  pscli  pot,  and  pauing  througli  the  arched  £aor  of  the 
1,  tenninatea  in  a  veaiel  of  waler  placed  beneath,  while  the  other  end  of 
e  ri»e«  wilhLn  the  crucible  to  a  few  inches  of  the  lop.  The  cruciUes  ars 
led  with  the  mixture  of  the  ore  and  charcoal,  to  the  level  of  the  tube; 
er  of  each  ii  carefully  loted  on,  and  an  interne  heal  ii  to  be  kept  for 
botm.  The  tine,  a*  the  proceu  of  reduction  goei  on,  riiei,  in  the  form 
HIT,  to  the  top  of  the  pot,  but  at  it  cannot  escape,  it  deicendi  through 
1  tnbe,  passes  into  the  water,  and  is  condensed  in  amatl  diop*.  Tba 
s  are  aflerwatds  fused,  atid  cait  into  the  form  of  iogou,  when  it  is  lit  for 
j-kel;  but  as  common  line  contains  a  little  of  other  metals,  at  copper, 
tenic,  iron,  and  manganese,  which  impair  its  quality,  these  impurities  are 
J  separated  by  melting  the  ainc  in  a  crucible,  and  stirring  into  il,  with  a 
r  Mithen  rod,  a  mixture  of  sulphur  and  fat ;  by  the  latter,  the  line  is 
ed  &oni  oxidation,  and  the  sulphur  cnmbinea  with  the  other  melali, 
the  line,  and.  converting  them  into  tutphurets,  they  rise  to  the  top  in  the 
'  teorin,  which  may  be  removed.  This  process  is  to  be  repeated  as  long 
•Mnse  appear.     See  Zinc. 

ef  Aalimony. — The  tulphuretted  ore  of  antimony  it  the  only  one  which 
1  in  mfficient  quantity  to  be  employed  in  the  process  of  reduction  in  the 
ay,  and  the  process  it  undergoes  is  extremely  simple.  The  ore,  being  aepa- 
om  the  greater  part  of  the  itony  matters  which  adhere  lo  it,  is  placed  en 
I  of  a  reverberalory  furnace,  and  covered  with  charcoal  powder,  and 
rvu^eht  to  a  low  red  heat,  the  nilphurel  enters  into  fusion,  and  the  earthy 
OBling  on  the  auifuce,  ore  removed  with  a  take.  The  melted  part  it  cost 
B  form  of  large  cakes,  and  it  the  crude  antimony  of  the  shops.  The 
1  obtained  in  a  state  of  purity  from  the  cnide  antimony  or  sulpliurel,  by 
I  processes.  Al\er  its  reduction  lo  a  pure  stale,  it  hat  been  long  known 
iMwllation  of  regulut  of  antimony.  In  the  reformed  chemical  nomen- 
indeed.  it  ■*  now  called  simply  antimony,  but  the  term  regului  still  con- 
o  be  used  by  the  merchant  or  the  artisan.  (See  A.iTiifONi.)  The  ores 
Jt,  Slcktl,  Artemc,  Titanium,  and  Manganm,  ore  noticed  under  their 

iAN.  A  large  and  very  harmoniout  musical  inttnimeni,  of  considerable 
^.  They  were  first  introduced  into  this  country  about  the  fourteenth 
'.  although  initmmenls  of  a  limilar  nature,  but  of  a  lest  refined  cunatruc- 
ere  to  uie  hmg  prior  in  tome  of  the  cities  of  the  southern  and  western 
r  Europe.  During  the  civil  wars  they  were  removed  from  the  churches 
ibad,  and  to  generally  reprobated  that  there  could  scarcely  he  found 

7 mists  or  organ-builders ;  but  after  the  Restoration,  owing  la  the  de5- 
workmen  and  musicians,  liberal  encouragement  was  onered  for  the 
:otion  of  foreign  talent,  and  the  rc-cstablitliment,  at  home,  of  our  native 
nu.  The  most  conspicuous  of  those  who,  in  consequence,  came  over  to 
t  lo  the  public  taste,  were  Bernard  Schmidt  (nfterwards  distinguished  by 
me  of  Either  Smith)  and  Renatui  Harris;  and,  it  appears,  these  two 
itda  wer«  to  nearly  matched  in  ability,  that  several  public  trial*  were 
0  detenuine  whose  instrument  was  entitled  to  superior  estimation,  which 
Ally  adjudged  to  Father  Smith.  In  tlie  Umveriai  Mogaxiae  for  1778,  a 
ictotml  it  given  of  thit  controversy  from  the  pen  of  on  anonymous  cur- 
Itat.  This  occurred  during  the  reign  of  Cbarlei  1 1. ;  and  of  the  organs 
W  Mnttnicled  at  that  period  by  Harris,  several  fine  ones  ore  mid  to  be 
iag  io  London  ;  namely,  that  of  St.  Bride,  St.  Laytrence,  and  SL  Mary 
or  those  constructed  by  Father  Smith,  may  bo  enumerated  that  fi.r 
i't,  St.  Mary  Woulnoth.  the  Temple  Church  (where  Ihe  contest  look 
Si.  Mary,  Oxford,  and  Trinity  College.  Cambridge  -,  all  of  wliich  have 
ghly  celebrated  for  llieir  tone  and  the  variety  of  their  powers,  embracrog 
.  humans  slop,  the  cremona,  the  flute,  and  many  mhers.  It  is,  indeed, 
red  by  many  reputed  judges,  that  those  old  in»iLHii.eat8  for  turpnss  in 
ly  of  morv  modem  cDDstruclion    notwilhstandinh'  the  great  improve- 
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merits  in  ilie  niecbanism  of  organi  by  Bylield,  Saetilar,  Crimen,  (iny,  i 
and  others. 

The  madmi  orian  is  a  very  complicated  and  ingenioui  piece  of  mechuiiiiii. 
Althoujrh  it  i>  tpokcn  of  ai  one  instrument,  yet,  strictly  apeakiav,  it  is  a  collet 
tion  of  inatrumcQta,  all  brought  under  the  fingers  of  itne  perbHmer ;  and  m> 
contrired,  that  he  has  It  b  his  power  to  play  on  any  one  singly,  or  to  oombiDA 
several,  or  all,  according  to  his  taste,  in  order  to  produce  variety  of  cdect:  it 
coDsists,  even  in  its  simplest  form,  of  a  number  of  leta  of  pipes,  each  produetiw 
the  twelve  notes  of  the  chromatic  scale,  and  eompriaine  several  octaves,  accotf 
ing  to  the  usual  key-board.  The  magnitude  slid  grandeur  of  these  iostmmantt 
chieHy  depend  on  the  number  and  variety  of  the  iitop«  and  lixes  of  the  pipes,  so 
that  the  diQerenceof  effect  which  It  is  in  thepouerof  an  able  organist  to  produce 
ia  almost  endless.  To  giveaparticulardetail  of  the  construction  of  oi^Bni,  would 
scarcely  accord  niUi  our  preKribed  limiu,  and  would,  in  a  great  measure,  be  • 
repetition  of  many  of  the  psrts  described  under  the  head  of  A  poll  a  mi  con ;  va 
ihaJI,  therefore,  uase  the  subject  in  this  place,  by  referring  the  reader  to  our 
account  of  the  latter  inittument,  and  to  the  article  Obb an,  w  the  Oifmd  Eaeg- 
elopadia,  which  contains  much  interesting  informatian  on  this  subject,  with 
several  engravings,  explanatory  of  the  roechanism  of  the  several  kinda  of  o^ans. 

0RP1M£NT.  A  mineral  lubatance,  consisting  of  anenic  combined  with 
about  forty-three  parts  of  sulphur,  and  is  about  thnce  as  heavy  aj  water.  It  l* 
found,  both  in  a  massive  and  crystallized  state,  in  Turkey,  Hungary,  and  some 
other  countries.  The  orpiment  of  commerce  ia  an  artificial  producCon.  chiefly 
imported  from  diflerent  parti  of  the  Levant.  A  beautiful,  but  lugitive  pigineat, 
called  /ling'i  yeUme,  ia  prepared  from  this  mineral.  (See  P»intiso.) 

ORRERY.  An  astronomical  instrument,  lor  exhibiting  the  motions  of  the 
heavenly  bodies,  was  first  constructed  by  Grahsnt ;  hut  its  name  is  derived  from 
one  made  by  Howley  for  the  Earl  of  Orrery.     It  is  now  ganeratlj  called  Pljiiii- 

ORRIS-ROOT.  The  root  of  %  wUitc-aowered  kind  of  irin,  called  Flartntme 
Irii,  which  is  a  native  of  Italy,  and  is  distinguished  by  having  two  flowers  on 
each  stalk ;  the  petals  bearded,  and  the  lesvea  iword-shaped.  In  a  dried  state, 
this  root  is  well  known  on  account  of  its  grateful  odour,  which  somewhat 
approaches  that  of  the  violet.  It  is  consequently  much  used  in  the  manuftcture 
ofb^r^wder,  and  other  articles,  for  which  an  agreeable  scent  ia  required,  it 
is  sometimes  employed  in  medicine  as  a  pectoral  or  expectorant,  and  Mtiaetime* 
in  dropsies.  In  a  recent  state,  the  root  is  extremely  acrid ;  and,  when  chewed, 
excites  in  the  mouth  a  pungent  taste,  which  continues  for  several  houra;  but 
this  acrimony  is  almost  wholly  dissapaled  by  drying.  Orris-root  i»  chiefly 
imported  into  thi»  country  from  Legiiom. 

OSCILLATION,  Cen&e  of.  That  point,  in  a  body  vibrating  by  its  gnritf, 
in  which,  if  any  body  be  placed,  or  if  the  whole  mats  be  collected,  it  will  perfortn'  ^ 
its  vibrations  in  the  same  time,  and  with  the  same  angular  velocity,  as  the  whola 
body,  about  the  same  point  or  axis  of  suspension.  The  centre  of  osciUatJon 
may  be  thus  found :  suspend  the  body  by  the  given  point,  so  that  it  may 
vibrate  freely  in  small  arcs,  and  count  the  number  of  vibrations  it  makes  in  ■ 
minute ;  then  will  the  distance  in  inches,  of  the  centre  of  oscitlabon,  be  equal 
to  the  number'  140,850,  divided  by  the  square  of  the  number  of  vibration*. 
Thus,  suppose  any  irregular  body  were  let  in  vibraiion,  and  made  30  vibratioiia 
in  a  minute,  then  ,     =  15GJ  inches.     The  number   140,650  is  obtained 

by  multiplying  39j  inches,  the  length  of  a  seconds  pendulum,  by  the  square  of 
60,  the  number  of  vibrations  it  makes  in  a  minute. 

OSMIUM.  A  metal  lately  discovered  by  Mr.  Tennant  among  platitia,  and 
thus  called  by  him,  from  the  pungent  and  peculiar  amell  of  its  oxide.  The  pure 
metal,  previously  heated,  did  not  appear  to  he  acted  upon  by  acids.  HestM  m 
a  silver  cup,  with  csuntic  alkali,  it  combined  with  it,  and  gave  a  yellow  soluDun 
■Lmtlar  to  that  from  which  it  was  procured.  Prom  this  solution, 'acids  sepftrata 
the  oxide  of  osmium. 

OVEN  is  a  general  term  applied  to  variously  formed  apparatus  employed  fw 
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^tym^  diflfemt  tubttniees,  many  of  which  hart  been  described  in 
tfw  eooTM  of  this  work ;  we  ahall  therefore  confine  ounclvea,  in  this  place,  to 
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mk  aoeooDt  of  that  particular  dasi  of  ovens  which  are  used  for  the  baking  of 
bread.  The  common  baker's  oven,  **  upon  the  old  principle"  (as  it  is  now  dis- 
tinj|iiiahed),  b  usually  a  Taidted  chamber  of  brickwork,  of  an  oviJ  shape,  and 
having  an  iron  door  and  frame  in  front ;  and  there  is  mostly  added  in  the  upper 
part  an  eneloaed  doset  with  an  iron  grating,  for  the  **  tins  to  stand  on,  caUed 
the  pirring  oven.  To  heat  these  ovens,  faggots  are  usually  employed ;  these  are 
pot  miide,  and  burnt  to  adies,  which  are  afterwards  removed,  and  ihe  bottom 
dearad  out  During  thia  procesa  a  great  deal  of  the  heat  escapes ;  and  as  a  still 
farther  length  of  time  is  required  to  charge  the  oven  with  the  bread,  the  oven 
suit  necewarily  be  made  much  hotter  at  first  than  is  required  for  the  baking 
Iwnpeialure ;  and,  come^ently,  a  great  waste  of  fuel  is  the  consequence.  If 
ddi  heat  be  not  greatly  m  exceta  at  first,  the  oven  gets  chilled  before  all  the 
breed  b  pot  in,  and  causes  the  latter  to  sink  and  become  '*  heavy."  To  remedy 
thb  inconvenience,  ovena  of  more  recent  construction  are  biult  upon  a  sdid 
beae  of  brickwork,  with  a  door  of  iron  in  front ;  and  on  one  side  of  thb  b 
another  iron  door,  openme  into  a  small  furnace,  provided  with  a  grating,  on 
which  the  fiid  (coal)  is  laid,  and  an  ash-hole  underneath.  The  fire-chamMr  b 
separated  from  the  oven  by  means  of  a  partition,  but  b  open  at  the  end :  over 
this  b  uaially  erected  a  copper  with  a  cock  to  it,  for  heating  and  supplying 
water  to  the  iMikehouse ;  and  on  one  side  of  the  copper  b  situated  the  proving 
oven,  also  inclosed  in  the  brickwork.  In  heating  tne  oven,  the  draught  from 
Che  fireplace  causes  the  flames  and  heated  gases  to  sweep  and  reverberate  around 
the  eircukr  waOs  and  dome ;  and  the  soot  that  may  be  at  first  deposited  upon 
the  brickwork  b  subsequently  burnt  off,  as  the  fire  bums  clear,  or  b  brusned 
away  before  the  bread  b  put  in  by  a  swab,  such  as  is  used  for  cleansing  the 
decks  of  ships  at  sea.  The  farthest  extremity  of  the  fire-chamber  b  usually 
provided  with  a  diding  door,  by  the  opening  or  dosing  of  which  the  heat  may 
be  regulated ;  and  thus,  as  well  as  from  the  proximity  of  the  fire  and  chamber, 
the  mat  of  the  oven  may  be  kept  up  during  the  time  the  bread  b  being 
pot  in. 

An  oven,  invented  by  Count  Romfbrd,  and  termed  the  perpetud  oven,  has 
been  much  extolled ;  and  though  we  have  never  seen  it  in  use,  it  deserves,  from 
its  origindity,  ingenuity,  and  convenience,  to  be  better  known.  For  the  baking 
of  small  bread,  pastry,  and  the  like,  its  utility  b  manifest  The  following  b 
the  description  given  of  it  by  the  Count,  with  the  manner  of  usine  it : — "  In  the 
centre  of  a  circular,  or  rather  a  cylindricd  mass  of  brickwoik,  about  eight  feet 
in  diameter,  which  occupies  the  middle  of  a  large  room  on  the  ground  floor,  I 
constructed  a  small  cinnilar  dosed  fireplace  for  burning  either  wood,  coals, 
turf,  or  peat;  the  diameter  of  the  fireplace  b  about  11  inches,  the  grate  being 
placed  about  10  inches  above  the  floor,  and  the  top  of  the  fireplace  contracted 
to  about  4  inches ;  immedbtely  above  thb  narrow  throat,  six  separate  canab 
(each  fumbhed  with  a  damper,  by  means  of  which  its  opening  can  be  contracted 
more  or  less,  or  entirely  closed,)  go  off  horizontdly,  by  which  the  flame  is  conducted 
into  six  separate  sets  of  flues,  under  six  large  plates  of  cast-iron,  which  formed  the 
bottom  of  six  ovens  on  the  same  level,  and  joining  each  other  by  their  sides, 
which  are  conceded  in  the  cylindrical  mass  of  brickwork.  Each  of  these 
pUtes  of  cast-iron  heine  in  the  form  of  an  equilaterd  triangle,  they  unite  in 
the  centre  of  the  cylin&cd  mass  of  brickwork ;  consequently,  the  two  sides 
of  each  unite  in  a  point  at  the  bottom  of  it,  forming  an  angle  of  sixty  degrees. 
The  flame,  after  drculating  under  the  bottoms  of  these  ovens,  rises  up  in  two 
canals,  conceded  in  the  front  wall  of  each  oven,  and  dtuated  on  the  right  and 
left  of  its  mouth ;  and,  after  drculating  again  in  similar  flues  on  the  upper  flat 
surfiice  of  another  triangular  plate  of  cast-iron,  which  forms  the  top  of  the 
oven,  goes  off  upwards,  by  a  cand  fumbhed  with  a  damper  into  a  hollow  place, 
dtusited  on  Uie  top  of  the  cylindricd  mass  of  brickwork,  from  which  it  passes 
off  in  an  horizontd  iron  tube,  about  7  inches  in  diameter,  suspended  near  the 
ceiling  of  the  room,  into  a  chimney,  situated  on  one  side  of  the  room.  These 
six  evens,  which  are  contiguous  to  each  other  in  this  mass  of  brickwork,  are 
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united  by  theii  lidei  by  wolli  mnde  of  tile:,  about  an  inch  and  a  half  li 
ten  inches  square,  placed  edgpways,  baring  in  separate  canati  furniibed  with  » 
register  communlcaling  wilti  the  tire-pUce.  Any  one,  or  more  of  tbeia,  mij 
be  heated  at  the  same  time  witliout  heating  llic  othen;  or  the  heat  may  ba 
turned  off  from  one  of  them  to  snolhet,  in  continual  succeuion  ;  and,  by 
managing  matters  properly,  the  process  of  baking  may  be  uninteirupied-  ^ 
loon  as  the  meat-piea,  or  puddingi,  are  drawn  out  of  one  oven,  the  fire  inaf  be 
immediately  turned  under  it  to  heat  it  again,  while  thai  from  under  which  Ibe 
fire  ii  taken  a  Ulled  with  other  dishes,  and  closed  up."  We  have  heard  of  Mvenl 
ovens  having  been  erected,  of  which  this  plan  of  Count  Rutnford  forms  tba 
groundwork. 

Hielia't  econonico^  Oven. — In  the  year  IS30  a  patent  was  taken  out  by  Mr. 
Robert  Hicks  for  "  an  ccaiiomical  apparatus  or  niuchine  to  be  applied  in  tha 
process  of  baking  for  the  purpose  of  saving  materiola ;"  and  for  canylng  this 
invention  inUi  efiect  on  the  gi^at  acate,  the  Metropolitan  Bread  Company  (now 
extinct)  was  established.     Tlie  saving  of  materiats  mentioned  in  the  title  jiut 

3uoled,  had  rderence  to  the  saving  of  the  vinous  spirit  which  is  generated  b/ 
le  fermentation  of  the  dough,  and  is  given  off  chielly  in  the  process  of  baking. 
This  spirit,  when  duly  rectified,  la  pure  alcohol,  and  the  quantity  thus 
obtained  from  bread  has  been  variously  slated ;  but  we  believe  it  amountl  to 
nearly  a  gallon  per  sack  of  Hour  when  the  oven  is  perfect,  and  the  joints  well 
luted.  To  mitke  a  chamber  or  retort  so  impervious  as  to  cart^  on  the  proceN 
of  distillation  as  well  as  that  of  baking,  would,  of  course,  be  impracticable  with 
auch  porous  and  friable  materials  as  brick  and  stone ;  Mr.  Hicks,  therefore, 
adopted  one  of  iron,  loying  inside  upon  the  boiiom  a  floor  of  bricks,  that  too 
scorching  a  heat  might  not  be  communicated  from  the  metal  to  the  bread;  a 
fire  ii  made  under  the  oven,  at  a  proper  distance,  and  brick  flues  communicating 
with  the  fire  chamber,  are  earned  around  (he  outside  of  the  oven,  so  m  to 
envelope  every. part  Tlie  door  of  the  oven  is  made  to  lit  it  accurately  \tj 
grinding,  and  is  brought  into  close  contact  by  a  Imnsverae  bar  and  screw,  in  Iht 
manner  of  closing  (he  mouths  of  retorts,  in  the  centre  of  the  top  of  the  ovan 
a  large  tube,  or  neck,  is  liied  vertically,  extending  from  the  brickwork  which 
covers  the  iron  chamber;  in  this  tube  tbe  vapours  from  the  bread  are  collected, 
and  are  thence  conducted  by  a  lateral  pipe  Into  a  common  distiller's  worm, 
which,  being  surrounded  by  cold  water,  the  vapours  become  condensed,  and  tbe 
resulting  liquid,  composed  chiefly  of  water  and  alcohol,  in  the  state  of  "low 
wines,"  is  drawn  off  into  suitable  receptacles  for  subsequent  rectification.  In 
order  to  regulate  the  temperature  of  the  oven,  an  iron  tube,  about  the  sIec  of  a 
musket  barrel,  and  about  a  foot  long,  and  closed  at  the  tower  end,  it  suspended 
vertically  in  tbe  middle  of  the  neck  by  passing  it  through  a  conical  hole  in  the 
latter,  to  which  it  is  closely  fitted ;  in  this  tube  oil  ia  deposited,  and  into  the  oil 
is  su>pended  tbe  bulb  of  a  thermometer,  whose  graduated  scale  above  exhibit) 
the  temperature  of  the  oil,  and,  consequently,  very  nearly  that  of  tbe  oven.  To 
equoliie  the  application  of  heat  to  the  oven,  Mr.  Hicks  adopted  the  revolving 
fireplace  of  Steel  and  Bruntan.  For  this  purpose  tbe  oven  is  made  circular,  and 
at  about  a  foot  from  the  bottom  of  it  is  a  large  circular  plate  of  the  soma 
diameter  as  tlie  oven  (six  feet),  which  turns  in  a  liorizonlal  plane  on  a  vertical 
axis,  forming  a  complete  partition  between  the  fire-place  and  the  asli-pit,  except 
where  the  nre-grate  ie  situated,  which  is  made  of  a  sectorial  farm,  and,  oonse- 

Siently,  readily  admits  of  being  shifted  into  or  out  of  ita  place ;  and,  in  order 
at  the  air  which  is  admitted  into  the  nsh-pit  to  promote  the  combustion  of  the 
fuel  may  not  be  diverted  from  iu  proper  course,  the  rim  of  tlie  circular  plate  is 
provided  with  a  descending  rim,  whicn  dips  into  an  annular  channel  fiiled  with 
water,  forming  what  is  called  an  hydraulic  joint.  Mr.  Hicks  states  in  hi^  ipcd' 
fication,  that  when  the  thermometer  before-mentioned  indicated  a  temperatUT* 
of  2S0O  Fahr.,  the  oven  is  at  a  proper  heat  for  baking,  and  that,  during  tha 
process,  a  heal  horn  2S0>  to  3i(>°  should  be  maintained ;  and  we  know  that  at 
this  temperature  bread  may  he  perfectly  baked.  fJolwitb standing  this  c)i<- 
cum  stance,  we  have  proved,  experimentally,  thiit  the  heat  of  ordinaiT 
"■"■■'-■ !  is  usually  not  less  than  800»  Fahr.  at  ilr-  '■"■-  "■-  «—■  >— -•*  •■ 
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pql  m;  but  the  rapidly  cooling  toftuences  It  ii  afterward*  ■ubjected  to,  probablr 

RDjeniuch  a  high  temperature  neceuary  at  the  commencement  of  bakiug  by 

ll«  wdiriAiy  procesi ;  this  apparently  enlaili  such  a  wasteful  enpendilure  of 

fnd,  ihil  it  ii  well  deierving  of  iDvejtigarion  which  of  the  two  model  of  baking, 

lliil  of  a  great  heat  at  the  commencement  only,  or  that  of  a  moderate  heat 

rantinuid  Uiroughout  the  proceu,  ii  the  beiL     It  bol  been  held,  that  the  latter 

iti  the  adtantage  of  leuderiiig  the  bread  aweeter,  by  the  vapour  carrying  off 

nuUcn  llial  are  both  unaavoury  and  prejudicial ;  while  the  former,  from  tha 

npnu  Uing  retained  in  the  oven,  infecta  the  bread.     But  thii  opinion  can 

bVt  bni  a  ilighl  haaia  to  rest  upon ;  a  liitle  reflection  will  show  lu  that  in 

HIcWi  OTtn,  as  in  olhen  of  the  aame  clan,  the  vapour  mutt  paia  off  Hunebow, 

MbtrviMi  il  woldd  become  denie,  and  acquire  ao  much  expansure  force,  ot  a 

icmpinluie  oT  300°,  aa  to  bunt  open  [he  oven.     The  elaitieity  of  the  vapour 

'"  '>,  liU  that  of  a  common  atill,  can,  ihcrerore,  but  little  exceed  the  preiiure 

ht  almospliere  :  but  thii  weak  ateam  ii  highly  heated  by  radiation  from  tho 

>°p,  ndu,  Bud  bottom  of  the  oven,  and  thus  the  baking  is  effected.  Nov,  if  we 

raniidBi  ihe  mean  best  of  a  common  baker's  oven  to  be  iSfy  (and  we  know  it 

u  nol  lot),  it  ii  quite  obvioui  thai  denae  ateam  at  a  aucli  temperature  could  not 

tiu  in  ■  itruclure  of  the  kind;  nor,  indeed,  at  aheat  much  above  St2°.    And 

ai31!"ii  much  below  a  baking  temperature,  by  far  the  greater  port  of  tha 

''{"uriiFd  water  muat  escape,  in  the  form  of  ateam.  through  aome  chinka  or  fia- 

■O"*  in  ibe  brickwork  or  door;    for  if  it  did  not,  the  density  of  the  ateam 

vmU,  inEillibly,  loon  blow  open  the  oven.     The  baking  ia,  in  lliia  caae,  aa  in 

''"'man,  effected  by  means  of  weak  ateam,  lurchargeit  with  heal,  by  radia- 

""1  from  the  lop  of  the  oven,  which  must  neceaaarJIy  receive  a  higher  tempe- 

nuiic,  becauae  it  ha*,  irom  ita  arched  form,  to  operate  at  a  greater  dialonce  from 

'^  trtid,  and  haa  to  suffer  a  continual 

'''"'UlitiD    without    anj-   freah    supply; 

[•"iM  antes  the   <iue8tion,   whether   the 

l"i  of  catitric  radiating  from  the  arched 

"f  of  ttie  common  brick  oven,  ia  greater 

an,  that  which  escapes  unuaed 

11  heating  at  a  lower  tempera- 

'"''■  There  are,  however,  other  conaidcra- 

"^oliich  ihould  eater  into  the  inquiry, 

"cWa  have  not  apace  to  pursue  farther, 

"il  rniul  proceed  to  the  next  subject  that 

l^laiiaelf  to  our  attention.     This  is  a 

c  oven,  which,  we  are  informed, 

■  brought  succeufully  into  use  iti 

'  ailiea.  The  annexed  figure  givea 

I  tiew,   the  front  of  the  oven 

d  to  be  removed  to  show  the 

-        ■  miuruction.     a  \»  the  nven  '  b  h 

IMta,  which  passes  over  ihc  eitenor 

I  xHlM  of  the  aides,  the  back,  and  bottom 

I  ''■'voten;  eislhefumace;  if  tlieash  lut, 

'wbrick-work  encloainglheoven      It  is 

I  '"ittended  thalanythingabauldberUced 

"I  Bit  bottom  of  the  oven.    Tl  e  ehrfTW 

■"  wt  formed  of  iron  plates,  but  consist 

I  ^'"'i  »f  two  oblong   Irivela   of  wrought 

I  "*,  plwed  side  by  aide,  a  little  dialance 

I  •{•nirom  each  olhcr.     The  oven  is  aup- 

I  Pcitd  11  [lie   back    by   bnrizoniai   bari 

I  bid  in  the  brickwork   at   each   con  et 

F  Tbe  front  of  the  oven  biu  ihiee  aeparati 

I  doon  atid  framea  ;  one  larger  on*  for  th< 

a  smaller  underneath  for  the 

I  fitmac*  ind  the  Mh-pit. 
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OVENS. 


NotwilliaUnding  tlie  oommendotioa  thEl  oven  hu  received,  it  appear!  la  at 
to  poueu  the  camitian  defect  of  the  ordinary  ovens  attached  to  kilcheii  gr«lei; 
that  of  coromunicaliiig  a  Ecorching  heat  in  one  part  of  the  bnad,  or  Dtli«T 
article,  nbile  the  oppotite  lide  of  il  i*  compsrntivel;  cotd.  jkilFal  opnailon 
may,  by  turning  tlie  breed  Ireqaenlty,  and  carefully  regulating  the  temfteratun, 
bake  tolerably ;  but  iriihoul  some  very  active  circulating  inlerniedium,  Dnjinux 
attention  will  not  suffice  in  bake  in  a  proper  manner.  How  tar  time  dt^fect* 
are  obviated  in*  recent  invention,  denominated  Hebert's  Patent  Domectie Oven, 
the  reader  will  determine.  Tlie  object  of  the  inventor  has  been  to  provide  ■ 
very  cheap  and  durable  apparatus,  capable  alike  of  baking  bread  property,  and 
cooking  other  kindi  of  food  ;  the;  are  made  of  varioua  eizea,  to  adapt  them  to 
the  wants  of  difierent  indiridunls,  and  are  rendered  as  portable  as  possiblo,  to 
uiit  the  requirements  of  the  army  and  navy.  We  ahall  here  add,  by  way  of 
example,  a  description  of  the  nnalleel  size,  wliich  we  saw  in  the  warehouse  of 
the  agents,  Meun.  DonaMwn  and  Gla^ow,  of  Birmingbam. 

Fig.  I  rxhibili  an  external  view  of  the  whole  appaialus ;  the  outeide  vessel 
i  being  simply  a  well-made  cast-iron  boiler,  or  pot,  which,  wben  4wd  alone. 


le  internal  apparatus  descrilieit  undornentb,)  is  applicable  i 
all  the  various  uses  of  other  boilera, — but  it  possesses  this  further  advantage,  of 


(that  is,  without  tt 


having  a  strong  double  cased  iion  lid  e,  ground  to  fit  so  closely  as  to  prevent 
llie  radiation  of  heat,  and  the  escape  of  the  rarefied  steam,  while  it  easily  per- 
mits dense  elsilic  vapour  to  pass  off.  The  vessel  is  to  be  suspended  over  or  in 
front  of  a  Gre,  and  in  the  case  of  the  larger  sizes,  they  may  be  convenienlly 
set  in  biickwork,  after  the  manner  of  common  boilen. 

For  the  purpose  of  baking  bread  or  pastry,  the  roosting  of  meat,  steaminc 
of  potatoes  and  other  vegetables,  &c.,  there  is  placed  btide  the  pot  delineated 
in  Fig,  1  a  perforated  vessel,  shown  in  Fig.  2.  This  vessel  is  made  of  imooth 
cast-iron,  and  drilled  with  holes  at  the  side  and  bottom  ;  and  by  means  of  Ihlla 
projecting  studs,  it  is  held  steadily  in  the  middle  of  the  outer  vessel,  so  at  Id 
leave  a  free  space  of  about  a  quarter  of  an  inch  between  both ;  around  which 
■pace  there  i*  cDDslmt.  circulation  of  extremely  hot  vapour,  which  operate! 
upon  every  p*rt  of  the  bread  or  oilier  material  placed  therein.  To  receive 
the  latter,  tlicn  fl  ■  movable  hollom,  shown  separately  in  the  adjoiniog 
j|0. 3,  which  I*  mnovahlB  at  pleasure ;  but  it  serves  to  correct  the  tendency 
of  loo  much  heal  in  this  part,  when  the  oven  is  suspended  over  a  strong  fire. 


OXTOSN. 


Ae  diiduige  of  tfie  contentt  of  tho  o?ont 
and  k  6mQt  kepi  perfcctljr  eleon. 

loride  of  Ijg.  2  dien  is  alio  placed  oecaskmally  a 
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tfoniMCtoJ  aeries  of  shdres,  or  pans  dd,  which  maj 
cither  eouisl  of  two^  as  represented  in  the  annexed 
JPIy.  4^  or  of  a  greater  nnmher  in  the  krger  sixes. 
Tbeso  are  fiir  die  pupoee  of  baking  small  bread,  roUsi 
liisniils,  tartSy  ftc— 4he  roasting  of  potatoes,  for  filing 
or  alvwing  meat,  &&— which  may  easily  be  withdrawn 
fiom  die  oren  by  means  of  the  bail  handle  e,  which  is 
jointed  so  as  to  fall  down  on  either  side. 

A  tth  appendage^  lor  roasting  meat,  n  also  supplied. 
It  cioiwisH,  as  represented  in  /%r.  5,  of  a  circular  drip- 
pn^  pani^  harine  an  upright  sp«t  y  in  die  centre,  and 
a  jomted  boil  haiiole  for  putting  it  in  or  taking  it  out  of 
tto  o?«n.  Tile  pan  serres  equally  well  for  broiling^ 
ftying^  and  other  processes,  which  erery  cook  will  com- 
prehend without  explanation. 

The  patentee  stales,  that,  by  the  application  of  the 
serersl  parts  of  this  apparatus,  either  in  their  single 
state,  or  combined  in  the  ▼arious  wajrs  explained,  bread 
and  all  other  kinds  of  food  may  be  bmked,  roatied, 
boUed,  simoed,  or  fried,  with  the  utmost  facility  and 
economy ;  the  instructions  for  which  are  sent  out  with 
each  of  the  orens. 

OXALIC  ACID.  This  add,  which  abounds  in 
wood  sorrel,  and  which,  combined  with  a  small  por- 
tion of  potash,  as  it  exists  in  that  plant,  has  been 
sold  under  the  name  of  tali  cflenum,  to  be  used  as  a  substHnte  for  the  use  of 
that  fruit,  narticulariy  for  diMharging  ink-spots  and  iron-moulds,  was  long  sup- 
posed to  be  analogous  to  that  of  tartar.  The  oxalic  add  is  a  good  test  for 
detecting  lime,  which  it  separates  from  all  the  other  adds,  unless  they  are 
present  in  excess.  It  has,  likewise,  a  greater  affinity  for  lime  than  for  any  of 
the  other  bases,  and  forms  with  it  a  pulverulent  insoluble  salt,  not  decomposable 
except  by  fire,  and  turning  syrup  of  violets  green.  Some  fatal  acddents  have 
occurred  from  persons  mistaking  this  salt  for  Epsom  salts;  two  or  three  drachms 
of  the  oxalic  add  acting  as  a  violent  poison. 

OXIDATION.  The  process  of  converting  metals  or  other  substances  into 
oxides,  by  uniting  them  with  a  certain  proportion  of  oxygen. 

OXIDES.  Substances  combined  with  oxygen  without  being  in  the  state  of 
an  add.  There  are  several  oxides  of  the  same  substances,  differing  in  the  pro- 
portion of  oxygen  they  contain.  When  a  substance  combines  with  only  one 
proportion  of  oxyeen,  it  is  termed  the  protoxide:  with  two  profNortions  of 
oxygen,  it  forms  die  deutoxide  or  binoxide ;  with  three,  the  tritoxide  or  ter- 
oxide ;  and  with  four,  the  peroxide. 

OXYGEN,  which,  uncombined,  is  known  only  as  a  gaseous  substance,  was 
discovered  by  Dr.  Priesdey,  in  1774.  It  has  been  call^  depblogisticated  air, 
empyreal  air,  and  vital  air.  The  term  oxygen  was  given  on  the  supposition 
diat  it  was  the  sole  cause  of  addity.  This  substance  is  highly  important  in  the 
economy  of  nature,  as  it  forms  about  a  fifth  part  of  our  atmosphere,  and  is 
abundantly  contained  in  water,  acids,  salts,  and  oxides. 

Oxygen  gas  may  be  obtained  from  a  variety  of  sources.  The  peroxide  of 
manganese,  of  lead  and  mercury,  also  nitre  and  chlorate  of  potash,  yield  large 
^uanddes  when  exposed  to  a  red  heat  The  substances  most  commonly  em- 
l^oyed  to  procure  it,  are  nitre,  peroxide  of  manganese,  and  chlorate  of  potash. 
if  nitrale  of  potash  be  exposed  to  a  red  heat  in  a  coated  glass  or  earthen  retort 
or  in  a  gun  barrel,  a  quantity  of  oxygen  gas,  (about  1200  cubic  inches  from  a 
pound  of  nitre^)  wiH  be  given  o£^  but  this  is  liable,  particularly  towards  the  end 
i^  the  preosas,  to  be  contaminated  widi  nitrogen.  From  the  peroxide  of  man- 
l^ese,  dM  gat  may  be  obtained  dther  by  heating  the  substance  red  hot  in  a 
a.  WW 
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gun  buret,  or  by  putting  it  in  the  atate  of  &  toe  powdec  into  a  fluik,  vjlh  abaut 
an  equal  ireight  of  coDcentrated  nilpburic  acid,  and  heating  the  mitlure  bj 
tneaca  of  a  lamp.  In  the  dry  way,  one  ounce  of  peroxide  of  manganese  ihould 
yield  about  128  cubic  inches  aro:iygen.  The  gas  procured  in  thii  vay  la  luffi- 
cienlly  good  for  ordinary  purposes,  but  when  required  of  great  purity,  it  i«  better 
obtained  from  chlorate  of  potaih.  For  this  purpose  Lhe  salt  is  to  be  put  into 
a  green  glass  retort,  and  heated  to  redness.  It  first  tiqueiies,  and  then  on 
increase  of  heat,  is  wholly  resolved  into  pure  oxygen  gas,  which  eacapei  willi 
effervescence,  and  into  a  white  compound  called  chloride  of  potassium,  which  ia 
left  in  the  retoK. 

Oxygen  gas  is  a  little  heaner  than  atmospheric  air.  Its  specific  gravity  js 
1.1  II  ;  one  hundred  cubic  inches  neighing  34.454  grains.  It  is  sparingly 
abiorbed  by  water,  100  cubic  inches  dissolving  only  3  or  4  of  the  gas ;  but  under 
great  pressure  It  may  be  made  to  take  up  half  iti  bulk.  It  ha>  neither  acid 
Dor  alkaline  properties,  for  It  does  not  change  the  colour  of  vegetable  blues,  nor 
does  it  evince  any  tendency  to  unite  with  acids  or  alkalies.  It  has  neither  amell 
uor  taste.  It  rcfracti  light  feebly,  and  is  a  non-conductor  of  electricity.  It  U 
the  most  perfect  negative  electric  we  possess,  always  appearing  at  the  pMlUvA 
pole  when  any  compound  contuning  it  is  submitted  to  galvanism.  It  is  eaten- 
tial  to  the  support  of  animal  life :  an  animal  will  lire  in  it  a  considerable  tims 
longer  than  in  atmospheric  air;  but  its  respiration  becomes  hurried  and  laboriou* 
before  the  gas  is  consumed,  and  it  dies,  though  another  animal  of  the  tame 
kind  can  sustain  life  for  a  certain  time  in  the  residuary  air.  When  suddenly 
compressed,  it  has  heen  seen  to  emit  light  and  heat,  but  tliis  is  said  to  arise  from 
the  combustion  of  the  oil  with  which  the  tube  la  lubricated.  It  has  a  very 
powerful  attraction  for  must  simple  substances,  and  there  is  nut  nDe  of  them 
with  whieh  it  may  not  be  made  to  combine.  Any  inflammable  substance  pre- 
viously kindled  and  introduced  Into  it,  hums  rapidly  and  vividly.  If  an  iron 
or  co]iper  vire  be  introduced  iiito  a  bottle  of  oxygen  gas,  with  a  bit  of  lighted 
touchwood  or  charcoal  at  the  end,  it  will  bum  with  a  bright  light,  and  tbrow 
out  B  number  of  sparks.  The  bottom  of  the  bottle  should  be  covered  vith 
■and,  that  the  sparks  may  not  crack  it.  If  the  wire,  coiled  up  in  a  spiral,  Kkc  a 
corkscrew,  as  it  usually  is  Id  this  experiment,  be  moved  with  a  jetk  at  tlw 
instant  a  melted  globule  is  about  to  fall,  so  as  to  throw  it  against  the  side  of  Iba 

Sjlaas,  it  will  melt  its  way  through  in  an  instant,  or  if  the  jerk  be  leas  violenl^ 
adge  itself  in  the  substance  of  the  glass.  If  it  be  performed  in  a  bell  gitM, 
let  in  a  plate  lilled  with  water,  the  globules  will  frequently  fuse  the  vttreani 
glaiing  of  the  plate,  and  imile  with  it  so  as  not  to  be  separable  without  detacb- 
ing  the  glaze,   though  it  may  have  passed  through,  perhaps,  two  inchea  of 


greater  brilliancy  in  oxygen  gas.    A  piece  of  wood, 

Tight  is  visible,  bursts  into  flame  lhe  moment  it  is  put  int«  a  jar  of  oxygen; 

lighted  charcoal  emits  beautiful  scintillations;   and  phosphorus  bums  with  ao 


lowerTul  a  light,  that  the  eye  cannot  hear  its  impression.  The  act  of  ei 
biniiig  with  oxygen  is  called  oxidation,  and  bodies  which  have  united  with  il 
are  said  to  he  oxidized.  The  compounds  so  formed,  are  divided  into  acidi  and 
Dxidei.  The  former  includes  those  compounds  which  possess  the  general  pn»- 
perties  of  acids,  and  the  latter  comprehend  those  which  not  only  want  that 
character,  but  of  which  many  are  highly  alkaline,  and  yield  salts  by  DoitiilK 
with  acids.  Oxidation  is  sometimes  produced  with  great  rapidity,  and  wiui 
evolution  of  heat  and  light.  Ordinary  combustion  is  nothing  more  than  m 
rapid  oxidation,  and  all  inflammable  or  combustible  substances  derive  their 
power  of  burning  in  the  open  air  from  their  affinity  for  oxygen.  On  other 
Dccaiions  it  takes  place  slowly,  and  without  any  appearance  of  heat  and  light, 
M  is  exemplified  by  the  ruslmg  of  iron  when  exposed  to  a  moist  atmosphere. 

OXYGENATION.  Similar  in  meaning  to  oxidation,  but  of  more  general 
application.  It  signifiea  the  imitin^  of  oxygen  to  various  tubstances,  whether 
the  result  be  an  oxide  acid,  or  alkah. 

OXYMEL.    A  compound  of  honey  and  vinegar. 


p. 

PAINTING,  HoDtB.  Tbe  ut  of  coTcriog  with  Tuiou  ndtabU  pumenlc 
the  Tood-wotk,  pluCer  veils  aud  ceiling*,  mm  wotIc,  Ac.,  of  this  blnror  and 

eitfriur  of  hauui.     ll  may  be  divided  into  tbree  Kparate  bnncbei,  rii, 

plain  painting',  graining,  and  omameitlal  paintill^. 

Tbe  material  chieSj  employed  in  plain  pMntmg  it  white  lead.  It  ii  a  ear- 
bonale  of  lead  produced  b;  the  action  of  the  vapour  of  nnegar  on  ihect  lead ; 
and,  when  ground  up  wiih  linieed  oil,  fariiia  the  common  white  lead  paint  i^ 
commerce.  See  Cehdsi.  It  is  improved  bf  beinf  kept  for  aemal  jean.  To 
produce  the  diflerent  linta,  Tarious  colour!  ere  added  to  the  white  lead  bate,  ia 
quantilf  according  to  the  inteniitj  of  the  tint  dented,  unonutiii^  aometime^ 


n  eicluslon  of  the  while  lead  ii: 


ingi 


:e  upper  or  finiihing  e«tli.    The  fbUow- 

'e  the  coloun  generally  u>ed  by  (he  Moae  painter : — 


WMU. 

l!oA  J^"' 

White  lead. 

NottiD(faam  while. 
Flake  while. 

B*<U. 

BlatL 

VermiEon. 

Scarlet  lake. 

iTorrhlaek. 

CriDUonlake. 

LainpbUck. 

Indian  red. 

BhMUaek. 

Venetian  red. 

Prientblai^ 

Red  lead. 

reSoM. 

Orange  lead. 

Chrome  yeUow. 

Bfuntiienna. 

?SS 

Grttm. 
Brum  wick  green. 

Raw  lifmna. 

Emerald  green. 

Yellow  kke. 

Verdigria. 

Browm. 

,                 Bin... 

Burnt  nmber. 

Prtiwan  blue. 

Baw  umber. 

Indigo. 
Cobdt 

Vandyke  brown. 

PunJa  brown. 

Ultramarine. 

To  briog  tbeae  coloun  to  a  ilate  fit  for  uie,  thay  are  ground  np  with  a  iroaD 
qnantity  of  oil ;  but  for  paintins  in  diitemper,  the  coloura  muat  be  ground  op  in 
water.  Linteed  oil  ia  tbat  which  u  in  nneral  use,  and  i*  quite  lufficient  fot 
Ae  porpoMi  of  the  plain  painter,  eapeciauy  when  improTed  by  being  kept  for 
■ermi  yeara,  aa  it  then  loae*  a  great  part  of  ita  cohmr.  It  it  obtained  by 
prwauie  from  the  eeed  of  flax.  In  very  rare  initancea,  where  the  least  yellow- 
neM  in  the    oil  would   be  injnrioni^    nut  or  poppy  oil  may  be    uaed  with 


Spirit*  of  toipenUne  ii  largelv  employed  in  paintmg ;  it  it  obtained  by  ditlil- 
ktion  from  eraoe  turpentine,  which  it  procurnl  tram  tbe  larch  and  fir-tree* ; 
bring  of  a  TcdatQe  nature,  it  ia  used  by  the  painter  to  produce  what  it  called  a 
flatj  it  evaporate*,  and  leavei  the  paint  nitbout  tbe  leatt  ibine.  It  b  alao 
employed  in  tboia  titnationt  where  oil  would  not  dry,  aa  in  the  fiiat  coat  on  old 
«ott,'Wbieb  ia  likely  to  be  a  little  greaay  from  tmoke,  ftc. 

To  batten  the  diyiug  of  paint*,  orjwr*  are  generally  nted.  Thota  matt  in  nae 
«M  angar  of  lead,  Utbarge,  and  white  copperat.   Tbne,  when  well  ground,  and 
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mixed  in  imiil!  portions  with  pdnt,  very  much  auiat  them  io  drying ;  .^ 

tome  coloim  nil!  not  dry  without  them.  Red  lead  U  alaoan  excellent  dryer; 
and  in  coiei  where  iti  colour  ii  not  objection  able,  ii  much  uard.  Su|;Br  ol'  IrM 
ii,  however,  the  best  dryer,  thaugb  somewhat  more  expensive  than  thi>  olhen. 
It  should  be  obaerved,  tlist,  in  the  finfiliing  coftts  of  delicate  coloun,  dryers  arv 
generally  avoidrd.  us  they  have  a  slight  tendency  to  injure  tlie  colour.  Linseed 
oil  has  sometimes  a  drying  quality  givrn  to  it  by  boiling  with  drj'ing  suhslaucei, 
which  renders  it  extremely  useful  on  some  occsiioni.  A  very  good  drying  oil 
ii  madt!  by  boiling  one  gallon  uf  linseed  oil  with  a  quarter  of  a  pound  of 
litharge,  or  red  lead,  reduced  Lo  a  fine  powder.  It  must  be  kept  s!ighl%  boiling 
for  about  two  houn,  or  until  it  ceases  lo  throw  up  any  scum ;  when  cold,  the 
clear  oil  iiiuit  be  poured  oR^  and  kept  for  use. 

The  loob  and  niparslus  employed  by  llie  plain  painter  are  not  very 
numerous;  we  shall  mention  the  principal  of  them-  The  first  in  order  is  the 
grindslone  and  inuUer.  This  is  an  apparutus  necessary  to  every  painter,  as  ihe 
purily  of  the  colours  sold  ready  ground  at  tlie  shops  is  not  to  be  depended 
upon ;  and  some  colours,  oi  lakes  and  Prussian  bhie,  will  not  keep  long  alter 
grinding.  The  grindstone  is  a  slab  of  porphyry  marble  or  granite,  about  two  feet 
tquare  ;  the  chief  requisite  is,  that  it  be  hard,  and  close-grained. 

The  muller  is  a  hard  and  conical-formed  stone,  the  diameter  of  the  hose  or 
rubbing  surface  of  which  should  be  alxiut  one-sixth  of  that  of  the  grindalone, 
and  the  cone  high  enough  lo  get  a  suRicient  hold  of  it  with  Ihe  huid*.  Th« 
&ce  of  both  grindstoites  and  muller  should  be  perfectly  Sat  and  smooth.  A 
latge  paleite  knife  is  used  to  gather  the  colour  from  the  stone  as  soon  as  it  it 
•umcienlly  ground. 

The  paUtie  is  a  small  thin  board,  of  an  oval  shape,  hating  a  bole  in  it  for  the 
thumb  [o  pass  thrraigb  ;  it  is  used  chiefly  in  ornamental  painting,  and  for 
mixing  up  small  portions  of  oolaur  on.  With  this  ii  employed  (he  palette  knife, 
for  mixing  up  colours  on  the  paleite:  it  has  a  long,  thin,  and  elastic  blade, 
nninded  at  the  extremity. 

Tbe  most  iniporiaiit  of  Lite  painter's  tools  are  the  brushes:  these  are  of  all 
sizes,  boib  round  and  flai,  and  are  made  chiefly  of  liog't-hair.  The  large  round 
brush  cnlled  llie  pound  brush,  ar^d  a  smaller  one  called  the  tool,  are  those 
Tnoally  used  in  pUin  work.  The  smallest  hog's-hair  brushes  are  called  Riches 
and  are  used  for  putting  in  small  work  where  the  tool  would  be  too  large.  The 
pound  bruili  is  used  at  a  duster  for  some  time  previous  to  putting  it  into  colour, 
whereby  it  ii  rendered  much  softer.  The  smallest  brushes  are  the  camel-bair 
pencils,  with  long  or  short  hair,  according  lo  tbe  work  tn  be  done.  The  varieiy 
of  brushes  used  iu  graining  willle  spoken  of  when  we  come  to  that  diviaion  of 
the  subject. 

The  stopping-knife  boa  a  shorter  blade  than  the  palette-knife,  and  is  pointed. 
It  is  used  for  making  good  the  holes  and  cracks  wilh  putly. 

Putty  is  made  of  common  whiting,  pounded  liue,  and  well  kneaded  with  lin- 
leed  oil,  till  it  becomes  alxiut  the  consistence  of  stifF  dough. 

Grinding  eoloari. — All  substances  employed  for  paiuting  in  oil  require  to  be 
ground  up  with  a  small  portion  of  the  oil  previous  to  mixing  them  wilh  the 
whole  quantity  required  fur  use;  for  thb  purpose,  they  must  first  be  pounded, 
and  passed  through  s  tolerably  fine  sieve,  then  mixed  wilh  e  portion  of  linseetl 
oil,  juM  sufficient  to  saturate  them ;  a  qnantily,  about  the  site  of  a  small 
esg,  is  to  be  taken  on  the  point  of  ihe  pafelte-knife,  and  placed  on  the  stone ; 
(be  muller  is  thep  placed  upon  it,  and  moved  round  about,  or  to  and  fro  in  all 
direclions,  bearing  a  little  weight  on  it  at  the  same  lime.  Tliia  should  he  con- 
tiiiiied  until  It  is  ground  perfectly  fine,  having  t!ie  eoniitlence  and  smoolbneta 
of  butter.  The  colour  mitst  be  occasinnally  trimmed  from  Ihe  edges  uf  the 
Hone  and  muller  with  the  palette-knife,  and  pnt  under  llie  muller  in  th« 
middle  of  iho  stone.  When  sufliaienily  ground,  it  is  removed  from  the  ston* 
wilh  Ihe  palette-knife,  and  a  fresh  quantity  taken.  It  is  not  well  to  have  ninob 
colour  on  the  itoiie  at  one  time  ;  it  makes  it  more  laborioui,  and  will  lake  • 
lougCT  lini'e  to  grind  the  same  quantity  equally  well. 

JUizinff  coJoMn/or  jKiinjMjh — Before  the  colours  which  have  been  grotind  csa 
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W  ippBed  to  tiie  wivk,  ihey  mutt  be  rendertd  fluid  hj  the  addkioo  of  linsMd 
oO,  or  qpiriti  of  tmrpcatine^  or  certain  proportions  of  both.  When  m  tinted 
eoioor  ii  lefuired  to  be  mia»d  up,  a  nnaJi  quantity  of  the  proper  tint  should  be 
fint  yepaied  on  the  palette,  which  will  eerre  as  a  ffuiae  to  mix  the  whole 
qnantityliy.  With  the  ground  white  lead  there  should  firrt  be  well  mixed  a 
portion  of  ml,  and  then  the  tiuttng  colour  should  be  added,  as  ascertained  by  the 
pattern  on  tlie  palette.  When  these  are  thoroughly  mixed  and  matched  to  the 
nroper  tfait,  the  remaming  portion  of  the  oil  or  turpentine  is  to  be  added ;  this 
is  better  tlun  putting  in  all  the  oil  at  once :  it  shoula  then  be  strained  through  a 
piece  of  fine  canTass^  or  a  fine  siere,  and  should  be  about  the  consistence  of  cream, 
or  Jnst  so  as  to  work  easily.  If  it  is  too  thick,  the  work  will  hare  an  uneren, 
donchr  appearance,  and  it  will  be  hard  to  spread ;  while,  if  it  be  too  thin,  it 
will  be  ukely  to  run,  or  will  reouire  a  greater  number  of  coats  to  cover  the 
ground,  and  render  the  work  solid.  The  straining  ought  not  to  be  neglected 
where  the  appearance  of  the  work  is  studied. 

Prtparmg  wotkfor^  tmd  WMomer  cfnroeeetbiff  wUk,  rt#  pakUm^.  Newwork-^ 
Clean  the  work,  carefolly  removing  all  projections,  such  as  glne,  or  whiting  spots; 
thts^  eadly  done  with  ue  stopping  knife  and  dnster ;  then  cover  over  tM  knots 
with  a  compontion  of  red  lead,  called  knotting.  The  red  lead  has  the  property 
of  drying  very  hard ;  and  if  it  was  not  used,  the  paint  would  not  dry  on  the 
knots,  and  they  would  show  through  every  coat  If  the  knots  are  very  Md,  Ihey 
must  be  cut  out  After  knotting  comes  the  priming,  or  first  coat  of  paint 
When  the  priming  is  quite  dry,  all  nafl-holes,  cracks,  and  defects,  are  to  be 
made  eood  with  patty ;  then  proceed  to  the  next  coat,  called  ^e  second  colour; 
when  mis  is  dry,  those  places  are  to  be  stoj^ped  which  were  omitted  in  the  last 
coat;  and  proceed  according  to  the  number  of  coats  intended  to  be  given.  It 
should  be  observed  that  second  colour  for  new  work  is  made  up  ehieflv  with  ofl, 
as  it  best  stops  ^e  suction  of  the  wood ;  but  second  colour  for  old  work  is 
made  up  chieAy  with  turpentine,  because  oil  colour  would  not  dry  or  adhere  to 
it  so  welL  The  colour  should  be  spread  on  as  evenly  as  possible ;  and  to  eff^ 
this,  as  soon  as  the  whole,  or  a  convenient  quantity,  is  covered,  the  brush  should 
be  passed  over  it  in  a  direction  contrary  to  that  in  which  it  is  finally  to  be  laid 
off;  this  is  called  crossing :  after  crossing,  it  should  be  laid  off  softly  and  care- 
fully, in  a  direction  contrary  to  the  crossing,  but  with  the  grain  of  the  wood, 
taking  care  that  none  of  the  crossed  brush  marks  he  left  visible.  The  criterion 
of  good  workmanship  is,  that  the  paint  be  laid  evenly,  and  the  brush  marks  be 
not  observed.  In  laving  off,  the  brush  should  be  laid  into  that  portion  of  the 
work  already  done,  that  the  joining  may  not  be  perceived.  Every  coat  should 
be  perfectly  dry,  and  all  dust  carefiilly  removed,  before  the  succeeding  one  is 
laid  over  it 

Old  work, — Carefully  remove  all  dirt  and  extraneous  matter  with  the  stopping 
knife  and  duster ;  those  places  near  the  eye  should  be  rubbed  with  pumice- 
stone,  and  greasy  places  should  be  well  rubbed  with  turpentine.  Bring  forward 
new  patches  and  decayed  parts  with  a  coat  of  priming ;  stop  and  make  good 
with  putty,  then  proceed  with  the  first  coat,  or  second  colour,  in  turpentine. 
The  quality  of  the  next  coat  will  depend  upon  the  manner  in  which  it  is  to  be 
finished.  If  it  is  to  be  painted  twice  in  oil,  and  flatted,  the  next  coat,  or  third 
colour,  should  be  mixed  up  chiefly  in  oil,  and  tinted  like  the  finishing  colour, 
to  form  a  ground  for  the  flatting.  The  greater  the  shine  of  the  ground,  the 
more  dead  will  the  finishing  coat  or  flatting  be ;  likewise,  the  more  dead  the 
sround,  the  better  will  the  finishing  oil  shine ;  therefore,  it  is  a  j?eneral  rule  that 
m  finishing  in  oil  the  under  coat  should  be  turpentine,  and  ror  finishing  flat, 
the  under  coat,  or  ground  colour,  should  be  oil ;  but  observe,  that  all  turpentine 
under  coats  have  a  little  oil  with  them,  and  all  oil  under  coats,  except  the 
priming  or  first  coat  on  new  work,  have  a  little  turpentine  with  them. 

Knotting  is  made  with  red  lead,  carefully  ground,  and  thinned  with  bmled 
oil  and  a  little  turpentine.  For  inside  work,  red  lead,  carefully  ground  in  water, 
and  mixed  up  witn  double  size,  is  a  good  substitute,  and  is  generally  used :  it 
must  be  used  hot. 

for  mw  work.-^Tb3M  is  made  of  white  lead  with  dryen,  and  a  littla 
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ic6  lead  to  huden  it,  and  iurtiier  to  OBsiit  IM  drying  j  it  is  tliiDced  rDtirrljr  widi 
oil,  and  ibould  be  made  vpry  tbui.  aa  ihe  new  wood,  or  plaster,  nicks  it  in  vetf 
fasL  It  ii  N  frequent  practice  with  psinlera  (o  save  the  oil  coat)  by  givinr  the 
new  work  a  coat  of  size,  or  aixe  and  water,  with  a  little  whiting,  called  deai^ 
cole  ;  hut  where  durability  U  can^utled,  thia  aboiild  Dot  be  done.  The  aiie  Mopa 
the  auciion  of  the  wood  or  jilailer,  hut,  at  the  mme  time,  it  prevents  the  oil 
paint  from  adherine  lo  ihe  work;  the  consequence  U,  that  it  ia  apt  to  peel  or 
chip  olT,  eapecially  in  damp  places.  Clrurcole  i>  sometiinei  advanlajeously  uied 
on  old  greasy  work,  on  whii^  oil  paint  would  not  dry. 

Srcoiid  coiour/or  netc  Kort,  or  oil  second  colour. — This  is  white  lead  ihinned 
with  oil  and  a  little  turpentine,  with  luitBhle  drjen.  The  proportion  of  drj'era 
for  ordinary  cases  is  about  one  ounce  and  a  h^f  lo  ten  pounds  of  while  lead; 
but  in  winter,  or  under  otlier  unfsvourable  cireumsCancei,  the  quantity  of  diyera 
must  be  increased. 

Seeoad  eoli/ur  for  old  leori,  or  turpentine  second  colour.— This  is  white  lead 
thinned  with  about  three  parts  of  turpentine,  and  one  of  oil,  also  a  little 
dr>ers.     Where  much  turpentine  is  used,  less  dryers  is  required. 

Turpentme  colour. — This  is  only  used  when  the  work  is  to  be  Gnished  in.oil ; 
that  is,  left  shining.  It  is  thinned  almost  entirely  with  turpentine,  that  the 
tiniihing  coat  may  have  a  better  glou. 

TViird',  or  ground  colour,  is  thinned  with  two-thirds  oil  and  one-third  turpen- 
tine, and  tinted  a  shade  darker  than  the  finishing  colour. 

Fmithing  oil  Colour  u  thinned  with  a  Utile  more  oil  than  turpentine,  and 
tinted  to  the  desired  colour. 

Flailing,  or  linishlug  turpentine  colour,  is  thinned  entirety  with  turpentine, 
end  has  no  shine. 

A  bollard  JIat  is  thinned  with  turpentine  and  a  little  oil,  which  renders  it 
more  durable  than  the  perfect  flatting.  To  procure  a  good  flat,  It  is  necessary  to 
have  a  perfectly  even  elossy  ground,  and  it  sliould  ha  of  the  same  tint,  but  a 
little  darker  than  the  finishing  flat. 

For  cUarcoie  and  JiniA. — Stop  defects  wllli  putty,  clearcole,  and  Gaish  with 
oil-finishing  colour,  as  directed. 

For  Ubo  coaltin  oU. — Tutpenline  second  colour,  and  finishing  oil  colour. 

For  Om  coati  in  oif  and Jlat.  —  I'urpentine  second  colour;  third  colour, 
and  flat. 

For  three  coaU  in  oil. — Turpentine  second  colour;  turpentine  colour;  Mid 
finiihing  oil  colour. 

For  t/iree  toati  in  oU  andjlal  (old  work).— Turpentine  second  colour  ;  turpen- 
tine colour;  third,  or  ground  colour;  and  flatting. 

For  four  eoalt  in  oil  (new  work). — Oil  priming  ;  oil  second  colour  ;  turpen- 
tine colour;  and  oil  finishing  colour. 

Far  four  eoalt  in  oil  and  fill  (new  work). — OUpriming;  oil  second  colour ; 
lurpenline  colour  ;  third  or  ground  colour ;  and  flatting. 

TiHTCD  CoLotias. — Stone  colour. — White  lead,  wiui  a  little  burnt  or  raw 
umber,  and  yellow  ochre. 

Gray  (/one  colour, — White  lead,  and  a  little  black. 

Drab.— V/hiie  lead,  with  burnt  umber  and  a  litila  yellow  ochre  for  a  wum 
tint,  and  with  raw  umber  and  a  little  black  for  a  green  tint. 

Pearl  colour,  or  pearl  grey. — White  lead  with  black,  and  a  little  Prusdui 

Stg  blue. — White  lead,  with  Prussian  blue. 

French  grey. — Wliite  lead,  with  'Prussian  blue,  and  a  little  lake.  These  lat^ 
used  in  various  proportions,  will  make  purples  and  lilacs  of  all  shndei. 

Faim  colour. — W  bite  lead,  with  stone  ochre,  and  a  little  vermilion  or  burnt 
■lone  ochre. 

5i#.— While  lead  and  yellow  ochre. 

CreoM  eoJotir. — Same  as  the  last,  with  mote  white. 
.  Lemon  colour. — White  lead,  with  chrome  yellow. 

Ora»ge  colour. — Orange  lead,  or  cliroine  yellow  and  vermilion.         . 
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Ptaeh  etloar. — White  lead,  vith  ciiber  Tcrmiluni,  ladian  rod,  pmple  bown, 

w  buml  itone  ochre. 

OolHeolour. — Chrome  jeliow,  nith  a  little  venuilion  mad  wbita, 

fiolH  i-a/aur.— White  lead,  nith  verniillOD,  blue  and  hluk. 

Sagf  green, — Pruwian  blue,  Taw  mnber,  ind  yallow  lEoDe  Ochre,  with  a  little 
white,  and  thinned  nltb  boiled  oil  nnd  it  little  turpentine. 

Olive  grten. — Raw  umber,  with  Prussian  blue,  tlunacd  a*  before. 

Pea  grern.— White  lead,  with  Bruaawiek  gieeo,  or  with  Pnutian  bine  and 
chrome  yellow. 

CAocolale  iWour.— Spanish  brown,  or  Venetian  red  and  black,  thiimed  with 
boiled  oil  and  a  little  turpeotine. 

Lmd  colour. — White  lead  and  biack. 

Plain  opaqat  oak  colour. — White  lead,  with  fellow  ochre  and  burnt  umber. 

Plain  opaqut  mahogany  colour. — Purple  brown,  or  Venetian  red,  with  a  little 

Blaek  should  be  ground  in  boiled  oil,  and  thinned  with  boiled  cnl  and  a  little 

It  uill  li?  obvioi<=  that  the  iiropon ions  u>f  the  colonn  above  mentiotied  mmt 
be  determined  by  the  particular  tone  of  cobor  required. 

D'alnnprrmg. — The  principal  difierenee  between  chI  and  distemper  punliiw 
ii,  that  in  the  latter  the  coloun  are  ground  in  water,  and  diluted  with  aixe.  It 
ii  much  lest  durable  than  oil  painting,  bat  ia  cheaper,  and  ii  not  attended  with 
much  imell :  it  will  not  bear  waihiog.  CeiUngt  are  naerall;  diilempered,  and 
waBiTetyfieqtiently.  There  are  leveral  coloun  aiedfor  diitempering  that  will 
not  do  for  oil,  ai  it  would  change  tham.  The  principal  are, — common  ■pruce 
ochre,  common  indigo^  roae  pinlc,  brown  pink,  blue  Terditer,  green  reiditer, 
Bunend  green,  and  Saxon  gre^  Whiting  ii  the  nibetanee  moetly  nied  in  dia- 
temperiitg.  It  ibonU  be  brokm  and  thrown  into  a  vewal  of  dean  water,  and 
left  to  aoalc  for  a  ahort  time  without  etining  it — half  an  hoar  ii  mfficient ;  tba 
•nrplo*  water  w  then  poured  off  from  the  lop,  learing  onlj  tbo  aoAcned  whitinf, 
which  ilKnild  then  be  atirred,  to  aacertain  that  Oiere  be  no  lumpi  hi  IL  To  this 
ii  added  hot  durable  aiie,  in  the  [ooportian  of  one  pound  of  aiia  to  direa 
ponndi  of  whiting ;  It  u  then  to  be  well  uitred,  and  lelt  to  ehill  or  congeal  in 
a  cool  place.  In  lummer  weather  it  should  stand  over  night,  when.  If  it  ii  like 
a  weak  jelly,  it  is  fit  for  use.  If  it  is  to  be  a  tinted  colour,  the  colouring  *ub- 
***■"«  shoiJd  be  added  to  the  whiting  previous  to  the  lite  being  mixed  with  iL 


DiUempcr  cdoun  dry  much  lighter  than  they  appear  when  first  laid  o 

SienUy,  it  is  better,  before  mixing  the  size  with  them,  to  colour  a  slip  of  paper 
dry  it,  to  ascertain  if  it  is  of  the  deaired  tint.     In  distempering  old  walls 


<r  ceilings,  it  ia  neceuaty  that  the  old  diitemper  be  first  washed  off  with  ai 
brush  and  plenty  of  water.  The  boles,  cracks,  and  damaged  placet,  abould  be 
made  good  with  plaster  of  Paris,  or  dialemper  putty,  made  of  powdered  whiting 
and  double  size.  They  ihould  then  hare  a  coat  of  clearcole  made  by  adding  a 
little  more  siie  and  water  to  the  finiihing  colour,  and  using  it  warm.  When  this 
ia  dry,  the  finiahing  colour  may  be  laid  on.  For  new  walb,  it  is  only  necessary 
to  clearcole  and  finish. 

Graauap. — Graining  comprises  the  imitating  of  woods  and  marbles;  the 
Utter  is  diatinguisbed  by  the  term  marbling:  it  is  strictly  an  imttatire  art,  and 
tlcmands  in  its  execution  considerable  judgment  and  good  taste,  united  to  a 
eJBSB  obserration  of  the  peculiar  characters  of  the  different  woods  and  marbles 
to  be  represented.  It  ii  usually  done  on  groiinil  prepared  for  the  purpose,  the 
colour  of  which  is  roried  according  to  the  kind  of  wood  or  marble  to  be 
imitated;  but  as  the  manner  of  proceeding  in  imitating  woods  differs  from  that 
in  the  case  of  marbles,  they  will  be  noticed  separately,  beinning  with — 

GnaiiMg  in  imlation  of  ■«»<£■.— The  first  thing  to  be  attended  to  is  tb* 
fremmd;  and,  although  generally  laid  on  by  the  plain  painter,  it  ahould  receirs 
tie  particular  attention  of  the  grainer,  for  on  the  colour  of  the  ground  greatly 
depends  the  excellence  uf  the  imitaUon.  The  ground  should  bo  chosen  of  the 
■am*  ootoor,  but  a  little  lighter,  than  the  lightest  parts  of  the  wood  to  be 
■nilaled,  sufficient  allowance  being  made  for  the  vtunitb  afterwards  to  cone 
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upon  il.  Repealed  trials  on  imnll  pattpmi  is,  however,  (he  beit,  and,  inittS, 
the  only  safe  way  of  arriving  at  the  tint  proper  for  [he  ground.  The  ground 
may  either  be  mixed  up,  just  at  in  flniihing-oil  colour,  nr  it  may  be  ■  butard 
flat;  and  it  should  be  very  carefully  prepared,  ai  tlie  ahlne  of  the  vamiih  will 
cause  the  rough  or  uneven  placei  to  be  detected.  The  pigments  employed  for 
graining  are  dittinguislied  by  die  painler  m  transpareut  (.-alouri ;  those  mostly 
uied  are  raw  umber,  burnt  umber,  raw  sienna,  burnt  sienna,  Vandyke  brown, 
butol  ochre,  and  lake ;  tliese,  with  the  occa-ionat  assistance  of  small  portiona 
of  the  opaque,  or  impeifecdy  transparent  colnurs. — ivory  black,  Prussian  blue, 
or  indigo,  and  purple  brown,  or  Inillau  red,  vjll  be  sufficient  to  match  ths 
colour  of  any  of  the  nooils  usually  imitsted.  Tljese  pigmenCs  were,  untU  wilbin 
these  lust  few  years,  (Forked  in  oil  and  spirits  of  [uqieutine;  but,  in  consequenca 
of  the  much  greater  facility  found  to  be  nSbrded  by  the  use  of  wuler  or  distemper 
colour*,  oil  is  now  seldom  or  never  used,  except  for  wainscot  or  oak  graining, 
which  is  frequently  done  in  oil  The  toola  employed  in  graining  are  round  and 
flattened  bog-hair  brushes,  of  varioui  sixei;  the  round  one*  are  used  chiefly 
for  laying  on  the  colour.  Occasionally,  as  in  very  large  pieces  of  work,  largv 
'      '  -      '  -'-—  ""- '---'  '-  ■"-  ■       "'iheftit 


bruahes  of  any  c  ,    , 

brushes,  there  are  cullffTi  of  ratiuui  sixes,  fron 
inch  wide;  these  are  made  ol'  camel's  hair,  having  the  ends  or  points  of  the 
hairs  cut  off  square,  to  within  about  three-eighths  of  an  inch  from  the  ferrule; 
the  edges  should  be  very  ihoiti  and  straight :  they  are  iiied  for  producing  the 
mottled  appearance,  as  in  mahogany  and  aatin-wood.  i'lol  hog-hair  bnuha,  oi 
various  siscs,  from  six,  or  even  twelve  inches,  to  one  and  a  half  inches  wUe; 
these  are  used  chiefly  for  graining  wainscot  in  distemper.  Flat  bof-lwir 
brushes,  but  of  a  much  thinner  description  tlion  the  last-mentioned,  aie  used 
fur  putting  on  the  second  grain,  and  for  other  purposes.  Badger-hair  taalt,  or 
ioJUairt,  of  several  sites;  this  tool  is  one  of  the  most  necessary  kind,  and  it  ia 
employed  to  soften  the  work  put  in  with  the  other  tools.  Crou-baadert,  vt 
several  sites,  from  one  and  a  half  bch  wide  and  upwards;  they  are  flnt  hog- 
hair  bnishes,  having  their  enda  cut  08"  to  within  about  an  inch  of  the  ferrule ; 
they  should  be  very  carefully  iiiade,  and  of  llle  best  huir;  every  bristle  should 
lay  straight  and  even,  and,  when  cut,  should  have  a  straight,  unbroken  edge, 
similar  (0  the  culler.  We  shall  describe  the  use  of  (his  too]  when  speakine  of 
the  particular  woods  in  which  it  is  employed.  These,  nidi  camel  and  hog-hair 
pencils,  sponges,  and  pieces  of  wash-leather,  are  sufficieut  to  imitate  any  of  iho 
woods  except  wainscot  in  oil,  which  requires  a  particular  tool,  which  will  be 
noticed  presently.  The  woods  generally  imitated  are  the  following: — oak, 
(dark  oak,)  wainscot,  or  light  oak,  pollard  oak,  mahogany-,  rose-wood,  maple- 
wood,  SBlui-wood,  amboyea,  xebra-wood,  and  yew.  Tlie  genera!  instructioni 
fiven  fur  imitating  these  will  suffice  for  any  other  fancy  woods.  Wainscot,  or 
ght  oak.  although  the  most  common,  is  [Krhaps  the  most  difficult  to  produce 
a  good  imitation  of :  it  Is  done  either  in  oil  or  distemper.  The  inunnet  of  pro- 
ceeding in  oil  will  be  first  deacribed. 

Waiiitcol  IB  oiL — The  effect  of  the  grain  in  this  wood  is  produced  by  the  bom 

?'aitiing-tool,  which  very  much  resembles  a  comb,  but  tlie  leeth  are  not  pointed. 
he  teeth  of  the  grwning-tool  are  of  equal  dimensions  from  the  root  to  the 
extremity,  which  is  square,  and  the  interstices  between  them  are  as  small  u 
tfaey  can  be  cut.  The  principal  colour  used  is  burnt  umber ;  this,  with  a  Ullla 
touch  of  black  and  purple  brown,  makes  an  excellent  wainscot  colour, — or  » 
little  raw  sienna  may  be  used  willi  il.     This  colour  must  be  tempered  with  a 

Eeculiar  vehicle  called  graining  oil,  which  is  made  by  dissolving  two  ouncei  of 
ees'-wax  in  us  much  turpentine  as  will  just  cover  It,  and  make  it  easy  10  dis- 
solve, and  by  adding  one  pint  of  boiled  oil,  stiiring  it  well  while  mixing.  WheD 
it  is  cold  it  will  be  of  the  consistence  of  sbft  honey,  and  will,  when  to  be  used, 
require  the  addition  of  a  little  boiled  oil  and  turpentine :  a  small  quantity  of 
colour  is  sufficient  to  stain  a  large  quantity  of  oil.  Tlie  graining  colour  is  to  b« 
laid  on  very  evenly  and  very  bare.  The  brush  marks,  S  not  pounced  out  with 
the  end  of  the  brush  or  duster,  must  lie  in  (he  direction  of  the  grain  of  the  wood. 
The  horn  graining-lool  is  then  to  be  passed  over  it,  to  imitate  the  grain  ;   it 
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be  l^ld  in  a  ilkhtly  inclined  positioD,  and  drawn  along  with  a  smaO 
■Sling  aotioD,  with  a  utde  pressure,  passing  twice  over  ewery  part  of  the  work. 


Tht  wmmM  a»  then  to  be  put  in,  or  rauiar  wiped  aS,  which  is  best  done  with  a 
pieee  of  cotton  itookingy  or  wash  leather,  wrapped  over  the  thumb  naiL  The 
Toning  ii  the  most  difluinlt  part  of  it;  and  any  durectionfl  that  might  be  given, 
odMT  uan  to  observe  nature  closely,  would  be  quite  unavaUing;  nothing  but  a 
doae  observatbn  of  the  peculiar  character  of  Uie  veins  diq^yed  in  nature, 
with  eonaideraUe  nractiee^  will  enable  any  person  to  do  it,  even  tolerablv.  As 
aoen  as  it  Is  dfv»  toe  dark  shades  observed  in  the  wood  are  to  be  put  m :  £r 
tliia  purpose  a  little  tnr]Mntine,  stained  with  burnt  umber,  mund  in  oil,  is  su^ 
ident;  also  the  dark  veins  are  aometiines  put  in  with  a  hair  pencil,  and  a  little 
bamt  nnber  and  burnt  ochre,  diluted  with  turpentine.  When  quite  dry,  it  may 
be  varnished,  and  is  then  finished. 

Wmmeoi  m  dbfasyer. — Raw  umber  alone  is  a  very  good  colour  for  this,  or  a 
liUle  bwnt  amber  may  be  added  to  it,  to  make  a  warmer  tint  The  fluid  used 
Ibt  tfiis  and  all  odier  distemper  graining  must  be  such  as  will  so  bind  on  the 
eolonr,  that  the  varnishing  may  notbring  it  off;  small  beer  is  the  best,  or,  if 
it  cannot  be  conveniently  procured,  stronger  beer  diluted  with  water  may  do, 
but  there  is  nothiue  so  good  as  stale,  common  talide-beer.  It  is  only  necessary 
to  mix  the  beer  wiSi  the  oolour  after  it  has  been  carefully  ground  in  water,  and 
it  is  then  fit  for  use.  Sometimes  the  colour  will  not  lay  on  the  ground ;  it  is 
then  said  to  ciss :  this  ma^  be  remedied  by  wetting  the  work  aB  over  with  a 
sponge  and  water,  and  drymg  it  with  a  wash-leather.  Only  so  much  should 
be  begun  at  one  time  as  can  be  finished  before  it  gets  diy,  which  it  will  do  in 
a  few  minutes,  according  to  the  weather.  Tlie  colour  should  be  laid  on  as 
evenly  and  as  quickly  as  possible,  with  a  suitable  brush,  and  then  the  flat  hog*e- 
bair  brush  must  be  drawn  over  it,  in  a  straight  line,  and  in  the  dnection  of  the 
intended  ^ain ;  this  will  leave  it  streaky :  it  is  then  to  be  carefully  pounced  or 
patted  wuh  the  flat  side  of  the  same  brush,  making  the  liead  of^the  brush 
advance  befiure  the  hand,  and  in  the  direction  of  the  grain.  Hiis  will  make  a 
very  excellent  imitation  of  the  grain  of  oak,  if  it  be  well  managed.  The  veins 
are  to  be  wiped  out  with  a  piece  of  wet  wash-leather,  wrapped  over  the  thumb 
nail.  When  this  is  dry,  the  shades  may  be  strengthened  by  passing  very 
lightly  over  it  with  weaker  colour.  Great  care  should  be  taken  that  it  is  quite 
diy  before  the  varnish  is  laid  on :  it  is  not  safe  to  varnish  it  in  damp  weather 
without  fire  being  near  it ;  but  if  it  will  bear  the  finger  passing  over  it,  it  is  dry 
enough. 

Poliardoaik. — Either  burnt  umber  or  Vandyke  brown  makes  an  excellent 
poUard  oak  colour.  The  colour,  in  this  case,  unlike  wainscot,  should  be  laid 
on  unevenly,  or  darker  in  some  places  than  in  others,  ai>er  the  character  of  the 
wood ;  a  coarse  sponge,  moistenea,  and  assisted  by  the  cutter,  produces  the  efiect 
very  welL  When  the  masses  of  colour  are  properly  disposed  with  the  sponge 
and  cutter,  it  must  be  softened  ofi*  with  the  badger-hair  tool,  and  the  knots  put 
in  with  the  end  of  a  hog-hair  fitch,  by  holding  the  handle  between  the  thumb 
and  fore-finger,  and  twisting  it  round ;  these  knots  may  afterwards  be  assisted 
with  a  camel-hair  pencil.  A  few  small  veins  are  firequently  found  in  pollard 
<iak;  these  may  be  wiped  off  in  the  same  manner  as  for  wainscot.  When  tliis 
is  dry,  the  second  or  upper  grain  may  be  put  on :  this  grain  occurs  in  almost 
all  tne  woods  except  oak  and  rose-wotod ;  mdeed,  it  is  the  proper  grain  of  the 
wood,  with  the  above  exceptions.  Some  of  the  first  colour  diluted  will  do  for 
this  second  grain.  To  put  on  this  grain,  the  thin,  flat  hog-hair  brush  should  be 
dipped  into  the  oolour,  and  the  hairs  must  be  oombed  out  to  straighten  and 
aeparate  them.  As  soon  as  the  grain  is  put  on,  the  softener  should  be  passed 
lightly  across  the  grain,  in  one  direction  only  ;  this  will  make  one  edge  of  the 
grain  soft  and  the  other  sharp,  as  it  occurs  in  the  wood.  When  the  second 
grain  is  dry,  it  may  be  varnished. 

All  the  other  woods  are  done  in  a  similar  manner.  The  particular  character 
and  colour  of  the  shades  and  grain  of  the  wood  must  be  carefully  noticed,  and 
those  toob  which  will  produce  the  effect  most  conveniently  must  be  selected : 
for  example,  the  thinnest  flat  hog's-hair  brush  will  best  produce  the  efiect  of 
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PAPER. 
IfrMn^  and  DroBmig  Papen. 


Double  < 


531  bf  3u; 


le  eUpliant     • 
nuas    .-..-.-,.     i3t>    —  iTt  luu 

Cdombier      . 34i  —  33  100 

Eloplinnt 28   —  2.'(  73 

tmgii^riat 29i  —  2H  72 

Super  royal 271—10)  52 

Rgjal 23i—  19  44 

Medium 22}  — 17^  34 

Demy Iflj— 15j  24 

Estrii  Urge  rliick  iwst.    .    .    .    22)— 17J  IS 

DiUo   dilto  ibin  ditto  ,     .     .     .    22*  — ITJ  IS 

Uitto  ditto bntik  dilto.     .    .    .    22i  —  ITt  13 

Lnrgu  tliiok  pofi 31    —  16|  22 

Ulllo  middle  ditto 2\    ~l^  IK 

Oiitothb      dilto 21    —  16J  1« 

Ditto  bank     dilto 21-161  11 

Eltira  thick    ditto 19   —  ISi  3ll 

■I'hick  post 19—16*  20 

Middle  ditto 19—18*  17 

Thin      ditto 19   —  15j  14 

Bmk    dilto 19  —  15j  7 

Copy 20—18  17 

Slieetand-hatf  feoliHNip    .     .     .     25*  —  l-H  22 

Shcct-ond-third  ditto  ....    22  —  13*  SO 

Extra  thick  foolscap    ....     16]  —  1^  IS 

Foolicsp ie*  —  m  lt» 

Pott ISi  — 12*  10 

Urnwing  pnpen  ore  not  made  smaller  than  demy,  and  are  put  up  in 
ill  rhe  Hal  (tste;  writing  pupera,  ou  the  contrary,  are  not  made  larger  than 
double  elephant,  vrry  Mldoiu  larger  than  imperial,  and  are  uiually  folded.  The 
liid  piipera  are  dijiinguislied  by  ceitain  peculiar  water  marks ;  thus,  post  ha*  • 
bugle- horn ;  copy,  a  tfeur^e-lii;  foolacap,  a  lion  rampant,  or  Britannia;  and  pott 
paper  luu  the  English  armi.  By  a  knowledge  of  these  marks,  the  original  sEie 
of  any  paper  cnn  at  once  be  diKovered,  however  much  it  may  hare  been  nlbse- 
quently  reduced  in  size.  This  observation  only  applies  to  the  laid  papen,  m  tn 
wove  paper  the  water-mark  never  appcart. 

The  poit  paper*  are  teldoin  sold  retail  in  the  folio,  i.  f.  the  original  die,  u 
quoted  in  Ine  foregoing  liit;  being  usually  cut  in  half,  Tolded,  and  ploughed 
round  tlie  edges,  forming,  in  that  state,  quarto  post,  the  letter-paper  of  the  *£ops. 
This,  cut  and  again  folded,  forms  octavo  post,  or  note-paper ;  another  folduic 
fonui  IQmo.  or  small  note,  &c.,  and  so  on  to  any  required  extent, — tm  Ifaia 
repeated  folding  ii  frequently  carried  so  far  as  the  production  of  64mo.  pott, 
or  lilliputian  note  paper.  AAer  the  paper  boa  been  ploughed,  the  edge*  ok 
left  plain,  or  tfaey  may  bo  gilt  or  blocked,  according  to  fancy.  When  pi^n 
are  folded  the  broadest  way,  Ihey  are  described  as  broad  folio;  but  if  folded  the 
narrow  way,  they  are  termed  long  folio.  Tlic  other  foldings  are  distinguished 
in  like  manner,  as  long  or  broad  qiurto,  or  octavo.  These  terms  are  mostly 
uird  in  describing  eccoUIl^ hooks. 

Writing  paocr  i>  made  in  all  parts  of  England;  but  Msidstone,  in  Kent,  Is 
noted  for  producing  tbe  finest  qualities ;  here  bI)  the  best  drawing  papers  are 
made,  ll^e  celebrated  manufactures  of  "  J.  Whatman,"  and  tbe  "  Turkey 
Mill,"  being  moit  in  repute. 

/'rinlhig  Pnper. — At  the  bead  of  this  extensive  and  highly  uaeful  clan  miiit 
be  }iUccd  t!M  plata  paper*.  They  are  of  the  same  size,  weight,  and  quali^  n 
tb*  draving-papers,  described  b  the  foregoing  list,  differing  fh>m  ibem,  how- 


CTcr,  in  beins  "f  >  particiilarl;  soil  and  abBorbent  nature;  the  procesi  atsJKvg, 
wiiicli  gives  the  fimineai  «o  necessary  in  papers  intended  to  be  WTitt«n  on,  being 
vhally  omitted  in  rosnufaclunDg  plate-paper.  Plate-paper  i»  not  made  smsJJel 
than  medium,  vrliich  is  the  size  necessary  for  the  plalei  of  ■  demy  book.  TheHe 
papers,  aa  their  name  implies,  are  uied  for  coppcr-plate  printing.  When  the 
platea  are  to  be  coloured,  dm* tug- paper  is  usually  employed,  (hen  technically 
termed  hard-plait,  Ln  conlra-distbclion  lo  the  former,  or  lofi^plate.  ^VheD 
platea  that  hare  been  prioled  on  icfl  paper  require  to  be  coloured,  it  is  n«ea»- 
sary  lirst  to  aize  the  paper,  irhich  may  very  readily  be  done  with  a  clear  solu- 
tion of  iainglau. 

For  taking  proofs  from  engraringa,  a  paper  of  Chioeae  maDufacturc  is  em- 
ployed, well  known  in  the  trade  under  the  name  of  India-paper.  In  conse- 
quence of  ila  peculiarity  of  fibre,  this  paper  possesses  a  aingular  degree  of 
ductility,  which  enable*  it  to  enter  the  finest  lines  of  an  engraving ;  in  addition 
\a  thi(  peculiar  softneu  and  flexibility  of  texture,  it  also  appears  to  have  an 
absorbent  and  congenial  quHlily  for  uing  tbe  ink,  which  causes  it  to  take  ever^ 
li^ht  and  shade  with  much  leas  colour  and  preiaure,  and,  what  is  of  the  utmost 
iniporlaticc  to  printers,  allovri  the  ink  to  set  and  dry  in  considerably  less  time 
than  any  other  paper.  Indiarpaper  is  imported  in  sheets,  fifty-one  or  fifly-two 
inches  lung,  by  twenty-six  inches  wide;  the  weight  variei;  but  ono  hundred 
aheets  usually  weigh  about  from  ten  to  eleven  pounds. 

The  following  is  b  list  of  the  other  papen  in  this  class,  tho  neighia  and  sites 
of  which  vary  greatly,  according  to  the  choice  of  the  manufacturer. 


LaiKe  newi 32  bj  22 

Sudliitva 28  — 31 

Kofti. 25  —30 


Dmy 22j  — IS 

Short  ieiay,  for  muuc  .     .    .  2(4  —  14 

Copy 20i  — 16i 

Ctatrn 20—15 

Foolscap 16i  —  13} 


Hw  thrM  Iwt  of  IhoB  are  alwayo  aiad*  in  tb«  double  tin.     Prlntrng-papen 
•TV  gmenU  J  of  >  jeUow-wnre  lextun,  and  are  not  so  well  aiied  ai  the  writing 


HrilMiitiwu 
It  poMM  Mfieii 


ii  not  wboUy  omittad,  aa,  without  soma  p««tIoD  of  it,  thef 
~  ~  itrenrtb  for  ordinary  pnrpow*. 
;  of  tfia  W  "    ■■ 


mnity, 

Bhiapw 


•one  now  to  nw^  of  t£a  Wi^tping  or  PadaH^-jiapen.  This  ctaas 
MW  abooat  «ndM*>  variety  «f  sorts  and  lizea,  which,  for  the  take  oTper- 
7,  we  ahall  notice  und«  tbe  following  haadi;  viz.,  Cartridge-p^Ki^ 
pliers,  Hand  papen,  and  Brown  papen, 

Cartridg*  Ptiftn. 


SqQue  cartridge  .    ,    . 

.    .    33tb7  2U 

46to  H) 

DonUe  crown  ditto  .    . 

30  —  38 

.    .    28  —23 

48  —  52 

Coi^mon  dee  ditto  .    . 

.    .    26—21 

40  —  50 

Eoyal               dit»  .    . 

.    .    24—101 

2»  — 32 

:?SU    S:: 

.    .    16i-13i 

13  — » 

•  XbMatMMtanUTBadslBlhsdouUidK. 


PAPER. 


Bhi§  Papen* 


NAME.  DIMENSIONS. 

Inches.    Inches. 

Blue  elephant 28  by  23 

Ditto  double  crown  ....    30   —  20 
Ditto  ditto  foolscap  ....     26)  —  16 

Blue  royal 25—20 

Ditto  demy. 22)  —  18 


Wlf<»HT. 

n».  iht. 
30  to  32 
20  —  24 
18  —  20 
20  —  22 
15—20 


Htmd  (pr  whUe-hroum)  Papert, 

NAME.                                DIMENSIONS.  WEIGHT. 

Inches.    Inches.  lbs.      lbs. 

Elephant 28    by  23  30  to  36 

Thick  royal  hand.    .    .    .    .    24*  —  20J  36  —  40 

Thin  ditto  ditto 24—20  16  —  20 

Royal  curline 23)  —  19)  10—12 

Lumber  hand 22)  —  18)  13  —  15 

Middle  ditto 22—17  12  —  14 

Small  diUo 20—15  5  —  10 


Brown  Papen. 


NAME.  DIMENSIONS. 

Inches.    Inches. 

Imperial  cap 29    by  22 

Bag       ditto 23)  — 19) 

Kentish  ditto 21—17) 

Small     ditto 20—15 

Double  four  pound  .     .     .     .  32   —  20 

Small  ditto  ditto 28)  —  17) 


WEIGHT, 
'lbs.  lbs. 
50  to  84 
30  —  48 
26  —  28 
10  —  12 
56  —  66 
42  —  52 


There  are  a  yariety  of  papers  for  particular  purposes,  which  do  not  properly 
belong  to  any  of  the  classes  hitherto  described;  we  therefore  proceed  to  notice 
the  principal  of  them,  commencing  with  BlotUng-papeft  which  must  be  well 
known  to  every  person ;  it  is  made  of  three  sizes,  viz.  medium,  post,  and 
foolscap ;  the  weight,  quality,  and  colour,  vary  greatly,  but  the  pale  red  is  by 
far  the  most  used.  Blotting-paper,  especially  the  colourless  descnption,  is  much 
used  in  chemical  experiments,  tor  the  purposes  of  filtration ;  there  is,  however, 
a  paper  made  expressly  for  this  purpose,  known  by  the  name  of  filterins^ 
paper ;  it  is  generally  made  the  size  of  double  crown,  and  is  of  a  thick,  woolly 
texture. 

Tusue-paper  is  also  too  well  known  to  need  description,  beyond  stating  that  it 
is  made  the  size  of  crown,  double  and  single,  and  demy.  A  particular  species 
of  tissue-paper  is  manufactured  and  sold  under  the  name  of  copying  post ;  it  is 
wholly  destitute  of  size,  and  is  of  a  thin  absorbent  texture ;  its  size  is  medium ; 
its  use  is  for  copying  newly-written  letters.  For  this  purpose  it  is  slightly  mois- 
tened, and  laid  on  the  letter  written  with  copying-ink,  and  then  subjected  to' 
the  action  of  a  press,  kept  in  counting-bouses  for  that  purpose ;  on  removing 
the  letter  from  the  machine,  an  accurate  fac-simile  is  found  transferred  to  the 
coping  paper,  which  pasted  in  a  book,  answers  all  the  purposes  of  the  more 
tedious  and  laborious  methods  of  transcribing  formerly  practised. 

Littreu  is  a  kind  of  smooth  cartridge-paper ;  it  is  made  of  two  sizes,  roytl 
and  foolscap,  and  only  used  in  the  maniuacture  of  cards.  Besides  many  of  the 
papers  already  described,  grocers  use  a  thick  purple  papeTj  which  forms  a  dis- 
tinct daas,  under  the  title  of  sugar  blues. 
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Swffor  Bbiet. 

MAMJI.  DIMBKBIOm.  WEIGHT. 

Indiea.    Inchet.  Urn, 

Lam  hnnp 22|  by  32  108 

Smidl^tto 281  — 21|  102 

Sins^lMif 26t— 19  80 

Powder  ditto. 26—18  58 

DouUe  ditto 22   —  15|  44 

die  brown  p^en  enumerated,  there  are  some  made  fbr  particular 
uuipuaeiy  among  wbidi  may  be  noticed  a  large  coarse  paper  for  strong  pack* 
BigpiirpoaeSy  known  by  the  name  of  Manchester-papers :  sneathing-paper,  for  the 
«se  of  shqp-builden,  «id  tqp-paper  for  hattersy  are  also  of  a  similar  description. 

Il  mxy  be  as  wdA  to  obsenre,  that  although  a  very  marked  distinction  has 
been  made  in  the  dassiiication  of  the  seTeral  papers,  yet  such  in  reality  does  not 
oxist ;  as  the  finest  printing  and,  sometimes  even  writing-papers  are  applied 
to  wrapping  purposes;  instance  the  foolscaps,  crowns,  and  aemies,  used  by 
grocers,  hatters,  and  the  like.  In  hand  papers,  again,  some  difficulty  occurs ; 
elephant,  which  stands  at  the  head  of  that  class,  is  used  almost  exclusiTcIy  for 
the  manufacture  of  paper>hangings,  being  joined  together,  and  printed  on :  it  is 
made  of  various  qualities,  according  to  the  description  of  work  for  which  it  is 
intended.  The  el^ant  crimson  and  satin  hangines  require  a  paper  of  the  best 
printing  quality,  which  will  not,  therefore,  propeny  come  under  the  denomina- 
tion of  hand-paper ;  but  had  these  and  similar  particulars  been  permitted  to 
interfere  with  the  plan  adopted,  much  unnecessary  repetition  and  great  con- 
fusion would  have  been  the  inevitaUe  consequence.  We  have,  therefore,  given 
the  most  usual  weights  and  sizes,  which  continue  much  the  same,  in  whatever 
daas  the  qualiiy  of  the  paper  may  chance  to  place  it. 

Colotired  papen  are  of  two  kinds,  those  wnich  are  made  at  the  paper-mill, 
either  by  colouring  the  pulp^in  the  vat,  by  using  coloured  rags,  or  by  dyeing  the 
paper  afterwards ;  and  tnoee  which  are  made  firom  white  papers,  by  persons  fol- 
lowing the  business  of  fancj  stationers.  In  the  first  class,  we  find  tne  coloured 
drawing  or  crayon  papers  for  artists,  coloured  royal  and  demy  for  bookbinders, 
and  the  delicate  tinted  post  and  tissue-papers,  in  high  repute  with  the  fair  sex. 
The  second  class  comprises,  in  addition  to  some  of  the  above,  coloured  double- 
crown  and  demy,  for  postine-bills,  coloured  fooLtcap,  (or  small  post,)  plain  and 
glazed  for  fancy  work,  and  varnish  coloured  papers,  embossed  in  imitation  of 
watered  or  figiured  silk,  and  morocco  leather.  To  these  may  be  added  a  very 
great  variety  of  marble-papers  for  bookbinding,  as  also  papers  beautifully 
painted  in  imitation  of  the  various  valuable  woods  and  marbles. 

PAPER  MANUFACTURE.  The  first  paper  mill  esUbluhed  in  England 
was  at  Dartford,  by  a  German,  (who  was  jeweller  to  Queen  Elizabeth,)  about 
the  year  1588.  For  a  long  period  afterwards  the  manufacture  was,  however,  of 
so  inferior  a  ouality  as  to  render  it  necessanr  to  have  recourse  to  France  and 
Hdland  for  tnose  of  the  better  quality.  The  process  at  this  time  consisted  in 
subjecting  the  rags  to  fermentation,  by  which  destructive  operation  they  were 
of  course  more  easily  reduced  to  a  pulpy  consistency,  which  was  eflected  by 
stamping  or  triturating  in  a  kind  of  mortar,  similar  to  the  action  of  the  Asiatic 
oil  nml,  described  at  page  201.  About  the  middle  of  the  last  century  the  pro- 
cess was,  by  successive  ameliorations,  entirely  changed,  so  as  to  approximate 
nearly  to  that  now  used  in  making  paper  by  hand.  We  shall  therefore  proceed 
to  describe,  in  the  first  place,  all  the  ordinary  manipulations  practised  in  making 
paper  by  hand ;  and  afterwards,  successively,  those  improvements  in  the  mecha- 
nism bv  which  this  important  manufacture  is  now  conducted. 

The  best  kind  of  rags  employed  in  the  manu&cture  of  paper  are  collected  in 
this  country,  but  all  these  sre  only  sufficient  to  supply  a  fifth  part  of  our 
demand ;  and  the  inferior  kinds  are  imported  from  the  continent,  pardculariy 
from  Hamburgh,  whence  our  chief  supply  has  been  drawn  for  many  years, 
that  city  being  apparently  the  grand  rag-market  for  the  German  States  and 
the  Borui  of  Mrope.    France,  Hciland,  and  Belgium,  prohibit  the  exportation ; 


S10 


PAPER  MANUFACTURE. 


a  coniidcriLble  quantity  U,  however,  brought  to  lu  rrom  Italy,  and  vurinu  ]>Mti 
of  the  MediterraneaD.  Theie  rag>  are  of  caune  of  every  quality,  from  canvai 
to  cambric,  and  of  every  lint,  as  retpecla  filth  or  cleanlfoesa,  between  nhile  and 
black ;  those  from  Sicily  have  the  hue  of  acpia.  Nulwitbitanding  they  undergo, 
from  their  exceiiively  filthy  slate,  a  partial  eieanaing  before  they  can  be  alitpp^, 
tbey  become  to  completely  melumorphoied  by  the  ablutioai  aod  manipulBtioiu 
of  our  paper  makers,  oa  to  be  converted,  in  a  very  short  ipace  of  time,  into  a 
pure  and  spotless  white  paper.  Before  ragii  are  brought  to  the  mill,  tliey  are 
rouehly  sorted  into  several  qualities,  distinguished  by  technical  terms,  understood 
bythetrsde-  At  the  mill,  these  aoTta  are  more  particularly  sorted,  aceording  to  the 
requirements  of  the  mauuiacturer,  and  at  the  same  time  they  srecut  iiitopiece% 
if  they  are  much  lar^r  than  about  the  palm  of  the  faaiid.  A  number  of 
vomen  ore  employed  for  this  purpose,  in  a  urge  room.  Hlled  up  luid  adapted  to 
reduce  the  nui&ance  of  the  filth  and  dust  of  the  operation.  Each  woman  standa 
before  a  kind  of  Cable,  formed  of  a  wire  screeo,  on  which  the  rags  she  sorts  are  from 
time  to  time  distributed,  aod  moved  about,  vhich  causes  much  of  the  duit  and 
dirt  to  pass  through  the  wires  into  recentncles  beneath.  At  each  stand  there  ia 
also  a  lixed  blade  of  sleel,  kept  very  sharp,  over  wliich  the  workwomen  draw 
those  pieces  of  rags  that  are  loo  large,  and  thus  quickly  divide  them,  if  the 
pieces  be  small  enough,  they  throw  ihcin.  according  to  their  respective  qualities, 
into  one  or  other  of  a  series  of  receptacles  designed  to  receive  tbe  Tarion* 
qualities  in  a  separate  stale.  All  the  seams  in  tlie  rags  are  carefully  aepaiated  ; 
as  the  sewing  threads,  if  not  thoroughly  torn  into  liloments  by  the  engine,  would 
produce  indentations  or  knots  upon  the  paper.  An  active  woman  can  cnc  aod 
sort  about  a  hundred- we^bt  a  day  ;  the  raga  are  next  weighed,  and  put  up  inUs 
hundred-weight  bags,  ready  fur  the  aubsequcnt  operation.  It  was  fonnerif 
Decesiary  to  assort  the  rags  with  great  care,  with  respect  to  colour,  as  well  aa 
teilnrc;  bul  from  this  care  they  are  now  in  a  great  measure  relieved,  by  the 
introduction  of  bleaching  by  chlorine,  which  enables  them  to  prodoof  the  whitest 
paper  from  any  kind  of  rags:  by  injudicious  nunagemeot,  bowever,  the  prooesa 
IS  sometimes  carried  too  far,  and  the  Icnacity  of  the  vegetable  fibre  daitrtiy«d. 
The  next  operation  is  (o  boil  the  lags  tor  some  hours  with  lime,  which  loosens  the 
dirt,  and  partially  cleanses  them  ;  but  this  preparatory  prooesstbr  the  operation* 
of  the  mill  is,  we  believe,  confined  to  the  most  improved  mills. 

The  psper-miti  consists  of  a  water  wheel,  or  other  first  mover,  connected  with 
a  combuation  of  toothed  and  other  wheels,  so  arranged  as  to  cause  the  Eylindor 
in  the  maiher,  and  the  one  in  the  bnaling  engine  (which  are  nearly  of  a  similar 
constniction,]  to  mi^e  130  or  more  revolutions  psr  minute.  On  the  some  stiaA, 
and  of  tbe  same  sive  as  the  water  wheel,  is  a  cogged  wheel,  which  gives  motjoa 
to  a  pinion,  on  whose  axis  is  a  two  or  tliree-throw  crank,  thai  worka  u  manj 
jHimps,  which  radsps  s  constant  stream  of  water  from  the  roill-dsm ;  this  water 
IS  kept  constantly  running  through  the  rags  in  the  washing  and  beating  engines. 
The  building  and  machine^'  of  a  paper  mill  should  be  well  constructed,  ochei^ 
wise  the  great  velocity  of  the  wheels  produces  a  tremor,  which  in  time  shakes 
it  bU  to  pieces.  A  washing  engine,  when  it  revolves  at  the  late  of  120  rerolu- 
tions  per  minute,  and  has  40  teeth,  each  of  which  passes  by  11  teeth  in  the 
block,  pioduoes  67,200  cuts  in  ■  minute,  and  makes  a  most  horrible  grvwlin; 
noise ;  but  in  the  beating  engine,  in  which  the  cutters  and  teeth  are  smaller. 
and  the  revolution  more  rapid,  the  noise  produced  is  one  continued  loud  bum- 
ming. The  cuts  made  in  the  latter  amount  to  nearly  200,000  per  minute, 
which  circumstance  will  accotint  for  the  rapidity  with  which  the  rags  are  con- 
verted into  a  pulpy  mass,  in  which  the  filaments  arc  so  minute  as  to  be  scarcely 
discernible.  The  washing  engines  of  a  mill  are  placed  al  a  higher  elevattoo 
than  the  beating  engines,  aod  they  are  actuated  in  the  following  manner.  Tlie 
large  cogged  wheel,  before  mentioned,  drives  a  pinion  upon  a  vertical  axis;  upon 
this  axis  are  two  horiiuntal  spur-wheels,  at  tlifierent  clevadmia ;  the  upper  one 
drives  a  pinion  on  the  axis  of  the  washing  engine,  and  the  lower  one  a  piuioa 
on  the  axis  of  the  beating  engine;  and  as  these  engines  are  similar  in  lluir 
arrangement  of  parts,  and  diHer  only  in  certain  proportions,  we  shall  make  iho 
subject  intelligible  by  tlie  description  of  one  only.     The  figure  on  tbe  next  p^a 
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aplaoof  oiM  of  tiMte  engines,    a  a  is  a  wooden  vat  or  detem,  about 
long^  4i  wide,  and  2^  deep,  the  inttde  lined  with  lead ;  &  ia  a  longitudinaJ 


partition,  also  eoFored  with  lead;  c  is  a  teticnlated  eyimder,  fixed  fast npon  the 
rerolving  shaft  d,  extending  across  the  engine,  and  put  in  motion  through  the 
DiediuiB  of  the  pinion  «,  driven  by  a  toothca  wheel  on  the  T9rtic$l  shaft  of  the 
mill,  as  before  mentioned.  This  cylinder  is  made  of  wood,  and  fbmished  with  a 
number  of  parallel  blades,  fixed  longitudinally  around  its  drcumferenee.  Imme- 
diately beneath  this  cylinder  is  a  bbck  of  wood  extending  its  length,  and  of  the 
breadth  of  the  snaoe  between  the  two  dotted  lines  represented.  The  upper  sur- 
face of  this  block  conforms  to  the  cunrature  of  the  cylinder,  and  it  is  prorided 
with  teeth  or  blades,  placed  close  together,  so  as  to  present  so  many  acute  cutting 
anfles,  which  present  themselves  constantly  to  the  teeth  on  the  revolving 
cyCnder,  not  in  contact,  but  so  near  as  to  cut,  chop,  and  tear  the  rags  as  they 
are  forced  between  them  by  the  action  of  the  machine.  The  distance  between 
these  opposed  series  of  ti^eth  is  always  susceptible  of  regulation,  by  turning 
screws  at  /*/,  which  raise  or  lower  the  bearings  g<f  of  the  axis  of  the  cylin- 
der, which  bearings  are  levers  turning  upon  fuicrums  at  A  A.  The  engine 
is  served  with  water  by  a  pipe  t  firom  a  reservoir  supplied  by  the  pumps,  which 
it  delivers  into  a  small  cistern  J,  comnmnicating  with  the  engine.  This  pipe  is 
provided  with  a  cock,  to  stop  or  regulate  the  quantity  of  water ;  and  to  nrevent 
any  extraneous  matter  passm^  with  the  water  into  the  eneine,  it  has  a  nair  or 
wire  strainer  k  placed  across  it  When  the  engine  is  filled  with  water,  and  a 
^uantit^  of  rags  put  in,  they  are,  by  the  revohition  of  the  cylinder,  drawn  be- 
tween Its  cotters  and  those  on  the  block  underneath.  This  cuts  them  into 
pieces ;  then,  by  the  rapid  motion  of  the  cylinder,  the  rsgs  and  water  are  thrown 
upwards  over  a  breasting,  which  rises  in  the  same  curve  with  the  toothed  block, 
im  to  about  the  middle  of  the  cylinder;  from  this  point  they  descend  an  inclined 
plane,  whose  length  is  represented  by  the  dotted  line  Ij  and  take  a  course  round 
the  vat,  as  indicated  by  the  arrows ;  the  whole  contents  of  the  vat  are  thus  put 
into  motion,  which  continues  as  lon^  as  the  cylinder  revolves ;  that  being  of 
course  determined  by  the  uniform  remiction  of  the  rags  into  a  pulpy  consistency 
The  cutter  block  is  made  so  as  to  slide  into  or  out  of  its  place  from  the  outside 
of  the  machine,  for  the  convenience  of  sharpening  its  teeth,  &c.  The  cutters 
of  the  cylinder  are  fixed  into  grooves  made  in  the  wood  of  the  cylinder,  at 
cqnsl  distances  firom  each  other  around  its  dvcumference,  in  a  direction  parallel 
to  ita  aam ;  the  number  of  these  iproovea  is  twenty;  and  for  the  washer,  each 
move  baa  two  eulten  cr  Uadas  put  in  it :  then  a  fillet  of  wood  is  driven  fast 
m  bataracn  liieip,  to  bold  them  fum,  and  ^e  fflleU  are  naUed  fast  into  the  soHd 
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wood  ur  tlie  cyliiiiler.     The  htnler  \s  mRde  in  the  aame  manner,  except  ibM 
eatli  gniove  coiiiaini  three  bars  and  two  iilleti. 

In  the  opentian  of  Ihli  cylinder,  it  ia  neceaiiarjp  it  should  be  inclosed  ill  a 
eiue,  or  jli  greul  velocity  would  throw  bU  the  rags  and  watw  out  of  llie  engine. 
The  case  ii  a  wooden  box,  inclosed  on  all  sides  except  the  baltom  j  one  tide  of 
it  resu  on  the  edge  of  the  vil,  and  the  other  upon  the  edge  oF  the  jurlilion  b. 
Inside  this  case  are  two  hair  or  wire  strainers,  through  nliich  Ihe  foul  vmler 
pai-iea  ai  it  is  dashed  against  them,  and  an  the  opposlie  side  of  ilieae  siraineii 
the  ease  is  formed  to  as  to  conduct  the  foul  water  inlu  two  flat  lead  pipcl,  letti 
in  section  at  o  o,  out  of  the  machine.  When  the  waler  is  not  required  lo  bo 
carried  ofT,  as  in  the  beating  engines,  there  are  sliding  ihutlen  provided  lo  these 
lievei,  which  paie  tlirough  grooves  on  the  top,  and  al  (he  sides  of  the  cue,  by 
which  the  water  as  well  ai  the  rsga  are  returned  into  the  engine. 

When  the  ragi  have  been  about  an  hour  in  (he  fir>l  engine,  if  thejr  require  it, 
according  to  the  modem  practice,  they  Bre  bleached.  There  are  two  ways  of 
bleaching  used  at  nreaent ;  one  by  the  oiymuriatic  acid  gas,  the  other  by  the 
acid  combined  in  tlic  dry  way  with  quicklime.  Id  the  firat  way,  the  rags  are 
boiled  in  an  alkuiine  solution  of  potash  and  lime  for  four  or  bve  hours,  or  il 
very  coarse,  for  eight  bouia.  The  purpose  af  tliis  is  to  destroy  the  coarre  part 
of  the  hemp,  commonly  called  shon  or  iheave,  and  which  esiiti  in  ■  great 
degree  in  coaraa  linens,  eipecially  German  rags.  The  solution  is  then  washed 
out  in  the  washing  engine;  the  water  being  pressed  out,  ihey  are  exposed  lo 
the  acid  in  the  gaseous  form,  as  linen  is ;  (see  the  article  Bleacuiho.)  The 
gai  is  then  washed  out  as  carefully  as  possible  ;  thb  is  of  great  imparlance,  as, 
if  any  acid  remain  in  the  raea,  it  causes  the  paper,  efler  some  time,  (o  putrefy 
and  change  its  colour.  In  the  other  way,  Ihe  oxymuriute  of  lime  it  diflused  in 
waler  by  agitation,  the  insoluble  mailer  is  Ihrown  out,  and  Ihe  liquid,  when  clear, 
ij  diluted  and  put  in  the  engine  ;  being  thoroughly  mixed  with  the  ngs,  il  ii 
allowed  lo  stand  for  an  hour  or  more,  and  the  acid  carefully  waihed  out. 
Bleaching  is  not  now  quite  so  much  practised  as  formerly,  on  account  of  tlie  low 
price  of  rags;  indeed,  we  understand  (hat  unbleached  papers  are  enlirEly  iiied 
in  the  Oxford  University  Press,  foe  the  printing  of  bibles,  testaments,  &e.,  on 
account  of  their  great  durabitily.  After  ihe  bleaching,  (if  that  proceas  is  used 
at  all,)  the  sttiff  is  reduced  for  an  hour  or  more  in  the  washing  engine,  and  ii 
then  put  into  the  beniing  engine.  When  it  has  been  best,  as  it  is  called,  for 
about  tliree  hours  and  a  half,  it  is  generally  line  enough,  and  a  valve  placed 
ill  the  bottom  of  the  engine  being  opened,  the  atufT  escapes  into  the  cheat,  or 
general  reservoir,  which  supplies  the  vnt  or  other  machinery. 

We  shall  now  proceed  lo  describe  the  mode  of  making  paper  by  hand,  with- 
out the  aid  of  machinery,  (in  tlie  common  acceplalion  of  that  term.)  The  vat  ii 
made  of  wood,  and  generally  about  five  feet  in  diameter,  and  two  and  a  ball*  iu 
depth.  It  is  kept  at  the  required  teinpeiature  by  means  of  a  grate,  introduceil 
by  a  hole,  and  surrounded  on  the  inside  of  ihe  vat  by  a  case  of  copper.  Foe 
fuel  to  this  grate,  charcoal  or  wood  is  used;  and  frequently,  to  prevent  smok#, 
tlie  wall  of  the  building  comes  in  contact  with  one  part  of  the  val,  and  th«  fire 
has  no  commimication  with  the  place  where  the  paper  is  made.  Every  vat  ia 
furni>hed  on  the  upper  part  with  planks,  inclosed  inwards,  and  even  railed  in 
with  wood,  10  prevent  any  of  the  aluff  from  running  over  in  tlie  operation. 
Across  Ihe  vat  is  a  plank,  which  is  coiled  the  trepan,  pierced  with  holes  at  one 
of  the  extremities,  and  resting  on  the  planks  which  surround  the  vat.  The 
moulds  are  composed  of  wire  cloth,  and  a  movable  I'rame.  Tlie  wire  cloth  i« 
varied  in  proportion  to  the  fineness  of  the  papi-r,  and  the  nature  of  the  stiifi*. 
A  l.iid  mould  consists  of  a  frame  of  wood,  neatly  joined  at  the  corners.  Woodeu 
bars  run  across  it,  about  an  inch  and  B  half  distance  from  each  olher.  Across 
these,  and  consequently  along  the  mould,  the  wires  run,  from  fifteen  to  twenty 
in  an  inch.  A  strong  roised  wire  is  laid  alonp  each  of  the  crosa-boti,  to  which  the 
other  wires  are  fastened  ;  this  gives  the  laid  wire  its  ribbed  appearance.  The 
vaier-maik  is  formed  by  sewing  a  raised  piece  of  wire,  in  the  form  of  letters, 
vr  any  device  ihat  may  be  wished,  on  the  wires  of  the  mould,  which  makes  tha 
paper  thinner  in  these  places.     The  frame-nork  of  a  wove  mould  is  neariy  the 
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tiBM :.  butt  iDslMid  of  Kwiog  oo  iqwrate  wires,  the  frame  U  eorered  with  fine 
wire-doth,  of  from  48  to  64  wires  in  an  inch.    On  both  moulds  a  deckle,  or 
m&wMm  raised  edging,  is  osed ;  this  must  fit  very  neatly,  otherwise  the  edge  of 
the  paper  will  be  rough.    The  felti  are  pieces  of  woollen  doth,  spread  over 
eforj  sheet  of  paper,  and  upon  which  the  sheets  are  laid,  to  detach  them  from 
the  form,  to  jpreTont  them  from  adhering  together,  to  imbibe  part  of  the  water 
Widi  whieh  the  stnff  b  charged,  and  to  transmit  the  whole  of  it,  when  placed 
Bodflr  the  action  of  the  press.    The  two  sides  of  the  felt  are  differently  raised ; 
that  of  which  the  hair  is  the  longest  is  applied  to  the  sheets  which*  are  laid 
down ;  and  any  alteratbn  of  this  disposition  would  produce  a  change  in  the 
textura  of  the  p^ier.    The  ^bsdt  of  which  the  felts  are  made  shouw  be  suf- 
fidentlj  strong,  in  order  that  it  may  be  stretched  exactly  in  the  sheets  without 
fiNnaiiiig  iDto  raids ;  and,  at  tho  «une  time,  suflSciently  pliant  to  yidd  to  every 
dtrtetkn^  withoat  iiQaiy  to  the  wet  paper.    As  the  felts  have  to  resist  the 
Toiftented  eflbrta  of  the  prasi^  it  appears  necessary  that  the  warp  be  very  strong, 
of  combed  wool,  and  weQ  twisted.    On  the  other  hand,  as  they  have  to  imbibe 
n  certain  quanti^  of  water,  and  to  return  it,  it  is  necessary  that  the  woof  be  of 
carded  wool,  and  drawn  out  into  a  dack  thread.    After  the  stnff  is  ready,  the 
workman  takes  one  of  the  moulds,  furnished  with  its  fitmie,  by  the  middle  of 
the  short  sides,  and  fixing  the  frame  round  the  wire-doth  with  his  thumbs,  he 
pbinees  it  obliquely  four  or  five  inches  into  the  vat,  beginning  bv  the  long  sMe, 
which  is  nearest  to  him.   After  the  immersion,  he  raises  it  to  a  levd ;  by  these 
movements  he  fetches  up  on  the  mould  a  sojfident  Quantify  of  stuff;  and  as 
soon  as  the  mould  is  raised,  the  water  escapes  throosm  the  wire-doth,  and  the 
auperflm'ty  of  the  stuff  over  the  sides  of  the  frame.    The  fibrous  parts  of  the 
stuff  arrange  themselves  regularly  on  the  wiredoth,  not  only  in  proportion  as 
the  water  escapes,  but  also  as  the  workman  &vours  this  effect  by  gently  shaking 
the  mould ;  afterwards,  having  placed  the  mould  in  a  piece  of  board,  the 
woikman  takes  off  the  firame  or  deckle,  and  glides  it  towards  the  coucher,  who^ 
havii^  previoudy  laid  hii  felt,  places  it  with  hii  left  hand  in  an  inclined 
situation,  on  a  plank  fixed  in  the  edge  of  the  vat,  and  fbll  of  hdea.  During  this 
operation  the  workman  applies  his  firame^  and  begins  a  second  sheet    The 
coucher  seises  this  instant,  takes  with  his  left  hand  Uie  mould,  now  suffidently 
dry,  and  laying  the  sheet  of  paper  upon  the  felt,  returns  the  mould,  by  gliding 
it  dong  the  trepan  of  the  vat    fhey  proceed  in  this  manner,  laying  dtemately 
a  sheet  and  a  felt  till  they  have  dx  quires  of  paper,  which  is  cdled  a  post ;  and 
this  they  do  with  such  swiftness,  that  in  many  sorts  of  paper  two  men  make 
upwards  of  twenty  posts  in  a  day.     When  the  last  sheet  of  the  post  is  covered 
with  the  last  felt,  the  workmen  about  the  vat  unite  together,  and  submit  the 
whole  heap  to  the  action  of  the  press.    They  begin  at  first  to  press  it  with  a 
middling  lever,  and  afterwards  with  a  lever  of  great  lengtn.      After  this 
operation  another  person  separates  the  sheets  of  paper  from  the  fdts,  laying 
them  in  a  heap;  and  severd  of  these  heaps  collected  together  are  man  put 
under  the  press.    The  stuff  which  forms  a  sheet  of  paper  is  receive^  as  we 
have  dready  said,  in  a  form  made  of  wire-doth,  which  is  more  or  less  fine,  in 
proportion  to  the  stufi)  surrounded  with  a  wooden  frame,  and  supported  in 
the  middle  by  many  cross-bars  of  wood.     In  consequence  of  this  construction, 
it  is  easy  to  perceive  that  the  sheet  of  paper  will  take  and  preserve  the  impres- 
don  of  all  the  pieces  which  compose  the  form,  and  of  the  empty  spaces  between 
them.    The  traces  of  the  wire-cloth  are  evidently  perceived  on  tne  nde  of  the 
sheet  which  was  attached  to  the  form,  and  on  the  opposite  side  they  produce  an 
assemblage  of  paralld  and  rounded  risings.     As  in  the  paper  which  is  most 
highly  finished,  the  regularify  of  these  impresdons  is  still  visible,  it  is  evident 
that  all  the  operations  to  which  it  is  submitted  have  chiefly  in  view  to  soften 
these  impressions  without  destroying  them ;  it  is  of  consequence,  therefore,  to 
attend  to  the  combination  of  labour  which  operates  on  these  impressions.    The 
coucher,  in  turning  the  form  on  the  felt,  flattens  a  little  the  rounded  eminences 
which  are  in  relievo  on  one  of  the  surfaces,  and  occasions,  at  the  same  time, 
the  hollow  places  made  by  the  wire-cloth  to  be  partly  filled  up;  meanwhile,  the 
cfibrt  which  it  made  in  detaching  the  form  produces  an  infinite  number  of 
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and  tben  withuut  Lhem.  itie  peHecllng  of  ibe  j 
the  paper  iiill  goes  on  The  vestiges  of  the  pralubersnces  mode  by  the  wini 
■re  altogether  flattened,  and,  of  consequence,  the  hollova  oppuaile  to  them  du- 
■ppeat  e\to;  but  the  tmces  formed  by  the  intersticei  of  the  wire  in  coniequenoe 
of  their  Ihickneu,  appear  on  both  aides,  and  are  rounded  by  tlie  press.  The 
paper,  the  grain  of  which  is  highly  toftened,  is  much  fitter  for  the  punioaea  of 
writing  than  Ihnt  which  u  smoothed  by  the  hammer;  on  tlie  other  hand,  a 
GOBr«e  and  unequal  grain  very  much  opposes  the  movements  of  tlie  pen,  as  that 
which  is  beat  renders  them  very  uncertain.  The  art  of  making  paper,  thera- 
fore,  should  consist  in  preservbg,  and,  at  the  same  time,  in  highly  softening  the 

The  exchange  succeeds  the  operation  last  described ;  it  li  conducted  jn  a  hall 
contiguous  to  the  vat,  supplied  with  several  presses  and  a  long  table.  The 
vorkman  arranges  on  ihb  table  the  paper  newly  fabcicatei^  into  heaps,  each 
heap  containing  eight  or  ten  of  those  last  under  tlie  presa,  kept  separate  by  a 
woollen  felt:  the  press  is  large  enough  to  receive  two  of  them  at  once,  placed 
the  one  at  the  other's  side,  and  must  have  a  power  from  70  lo  100  tons.  When 
the  sompreuion  is  judged  to  be  niflicieiit,  the  heopi  of  paper  are  carried  back 
to  the  table,  and  the  whole  turned,  sheet  by  aheet,  in  euch  a  manneT  that  the 
surface  of  every  aheet  ia  enpoaed  to  a  new  one ;  and  in  this  situation  they  are 
■gain  brought  under  the  preis.  If  the  itutf  be  fine,  or  tlie  paper  slender,  the 
exchange  is  less  frequently  repeated  :  in  this  operation  It  i>  necessary  to  alter 
the  situation  of  ibe  beapa,  with  regard  lo  one  another,  every  time  they  are  put 
under  the  press;  and,  alio,  as  the  heaps  are  high  eat  toward  the  middle,  lo  place 
small  pieces  of  felt  at  the  extremities,  in  order  to  bring  every  part  of  them 
under  equal  prcaaure.  A  aingle  man,  with  four  or  five  presses,  may  excliange 
all  tlie  paper  produced  by  two  vati,  provided  the  previous  pressing  at  the  vat* 
haa  been  well  performed.  The  work  of  the  exchange  eenerally  lasts  two  days 
on  a  given  quantity  of  paper.  The  sheds  for  drying  llie  paper  are  conliguou) 
lo  the  mill;  Iticy  are  furnished  with  a  vast  number  of  cords,  upon  which  they 
bang  the  sheets  both  before  and  after  the  sixing-  The  sheds  are  surrounded 
with  movable  lattices,  to  admit  a  quantity  of  air  sufficient  for  drying  the  paper. 
The  oordi  of  the  sheds  are  stretched  as  much  as  possible ;  and  the  paper,  four  or 
five  sheets  together,  is  placed  on  them  by  means  of  a  wooden  instrument  in  tba 
form  of  a  toll  T.  The  principal  difficiilly  in  drying  the  paper  consists  in  gra- 
dually admilting  the  external  air,  and  in  preventing  the  cords  from  imbibing 

The  inconvenience  of  the  eipanwoo  and  contraction  of  the  corda  from  altera- 
tions in  their  humidity,  might,  we  conceive,  be  remedied  by  salurating  them 
in  ■  solution  of  caoutchouc,  which  would  not  destroy  their  fleiibilily,  but  would 
enable  them  to  resist  moisture,  and  render  their  durability  almost  everloitiiig. 
In  some  mills  the  paper  is  hung  upon  smooth,  rounded  laths,  and  the  drying  is 
eSfcted  by  steam  or  hot  water,  circulated  iu  pipes  through  the  room. 

The  aise  for  the  paper-makers  is  made  of  the  shreds  and  parings  procured 
from  tlie  tanners  and  parchment'inakers.  All  the  putrefied  parts,  and  the  liine, 
being  separated  from  uiem,  they  are  enclosed  in  a  kind  of  bosket,  and  let  down 
by  a  rope  and  pulley  into  a  cauldron.  When  the  solution  of  the  geluin  it 
found  to  be  complete  (which  i>  ascertained  by  drawing  up  the  basket),  it  ti 
allowed  to  settle  for  a  while,  and  then  tKice  filtered,  before  it  is  put  into  tha 
vessel  into  which  the  paper  is  dipped.  After  thia  a  certain  quantity  of  alum, 
alio  of  smalts,  or  other  pigments  calculated  to  improve  the  lint,  or  beitow  « 
peculiar  hue  upon  the  paper,  is  added.  '1  he  workman  then  takes  a  handful  of  llie 
sheets,  smoothed  and  rendered  as  supple  as  posaibte.  in  hia  lel^  hand,  dips  them 
into  the  vessel,  and  holds  them  seniirale  with  liis  right,  that  they  may  rqiiajljr 
imbibe  ihe  site.  After  holding  tliem  above  the  vessel  for  a  abort  time,  fan 
•eiui  on  the  other  side  with  his  right  Imnd,  and  aeoin  dips  iliem  inio  tha 
veuel.  When  tie  has  ten  or  a  dozen  of  tlieac  handfuU,  they  are  subniitu 
the  action  of  the  press.  The  superfluoiiB  size  is  conied  back  to  the  v 
neans  «f  a  email  |"|ji'.    Tb«  vi;»aEl  iu  wliich  the  paper  is  aiied  ii 
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^flpfcr,  and  Ibniished  with  a  gnte,  to  give  the  dm,  when  necetsary,  the  reqni- 
me  tempentniie;  and  a  piece  of  thin  hoard,  or  felt,  ii  jdbced  between  every 
haadftd  as  tfaer  are  laid  oo  the  table  of  the  preM.  After  the  paper  it  aised  it 
iiCMiicd  to  tna  dijfing-hoiiie^  where  a  gndnal  diying  of  the  aised  paper  ia 
conaiderad  to  he  Tery  important ;  the  exchange,  likewise,  at  this  stage,  requirea 
giaal  atfantka,  as  the  gnin  of  die  paper,  wmch  may  then  receive  impressiona, 
«■  nsfver  be  restored.  When  the  sized  paper  is  also  exchanged,  it  is  poaaible 
tD  hasf  mora  sheets  ti^gadier  on  the  cords  oi  the  diyine  house :  the  paper  dries 
better  m  this  condition,  and  the  aixe  is  preserved  wiUiout  any  senBihle  waste, 
lieeaiiaa  the  aheeta  of  paper  matnally  preserve  the  rapid  operation  of  the  external 
sb ;  and  as  the  size  iim  already  penetrated  into  the  paper,  and  ia  fixed  on  the 
wrfiice,  the  inssbsihle  progreu  of  a  weU-condnctea  iryiig  house  renders  all 
the  good  cflbcAi  tnore  perfect  in  proportion  as  it  is  slowly  dried.  When  the 
dxwiiig  is  oompkledy  it  is  carried  to  the  finishing  room,  where  it  is  pressed, 
sewctcdy  and  esniiSned ;  folded,  made  up  into  ^res,  and,  finally,  into  reams. 
It  k  here  put  twice  under  the  press ;  firs^  when  it  is  at  its  Kill  size,  and, 
aecondly,  tfter  it  is  folded.  The  principal  labour  of  this  place  consists  in 
assarting  the  paper  into  diflefent  lots,  according  to  its  quality  or  defects ;  after 
which  it  is  made  m  into  quires.  The  person  who  does  this  must  possess  great 
skill,  and  he  capable  of  great  attention,  oecause  he  acts  as  a  check  on  those  who 
separated  the  paper  into  difierent  lots :  he  takes  the  sheets  with  his  right  hand, 
folds  them,  examines  them,  lays  them  over  his  left  arm  till  he  has  the  anmber 
requisite  for  a  qiive,  brings  the  sides  parallel  to  each  othei^  and  places  them  in 
heaps  under  the  table.  An  expert  workman,  if  proper  care  has  been  taken  in 
aborting  the  lota,  will  finish,  in  this  manner,  about  600  quires  In  a  day.  Tlie 
paper  is  afterwards  coUected  into  reams  of  20  qnires  eseh,  and,  fior  the  kst 
time,  put  under  the  press»  where  it  is  continued  for  ten  or  twelve  boors,  or  ss 
long  as  the  requirements  of  the  paper-mfll  will  permit 

1  he  art  of  making  paper  in  one  continuous  sheet  of  anr  required  length, 
originated  horn  an  ingenious  Frenchman  of  the  name  of  Didot,  who,  in  con- 
junction with  the  Messrs.  Fourdrinier,  succeeded,  after  the  expenditure  of 
enonnons  sums  of  money,  in  perfecting  this  important  improvement,  which  hss 
now,  in  a  great  measure,  superseded  the  desultory  mode  of  operating  we  have 
iust  described.  The  action  and  arrangement  of  the  improvea  mechanism  may 
be  thus  briefly  explained.  A  horizontal  frame,  of  anv  reouired  length  or 
breadth,  is  furnished  with  a  roller  or  cylinder  at  each  end,  over  which  ia 
stretched  an  endleaa  web  of  brasa  wire,  of  the  requisite  texture  or  fineness,  for 
the  paper  to  be  manufactured  by  it.  At  one  end  of  the  frame,  parallel  with, 
and  immediately  over  one  of  the  cylindera,  is  a  long  angular  trough,  or  sluice, 
into  which  the  pulp  is  received  from  a  vat  above,  wherein  it  is  continually 
agitated,  whence  it  issuea  through  a  long  slit  or  opening,  regulated  by  a  screw, 
falling  in  an  uniformly  thin  stratum  upon  the  whole  breadth  of  the  endless  web 
beneath,  at  which  time  the  cylinders  sre  in  motion,  canying  forward  the  stratum 
of  pulp,  and  a  joggling  motion  is  communicated  to  it  latersJl;^  by  the  alternating 
motion  of  a  rod,  produced  by  a  revolving  crank ;  this  agitation  of  the  pulp,  aa 
the  water  drains  from  it  through  the  whre-work,  produces  the  felting,  or  inter- 
weaving of  the  fibre,  aa  perfectly  aa  it  is  done  by  hand ;  and  the  pulp  is 
prevented  from  flowing  over  the  sides  by  means  of  two  leather  straps,  one  on 
each  side,  which  move  round  with  the  web ;  and  by  the  shifting  of  wnich  strapa 
nearer  to,  or  fiarther  from  the  centre,  the  width  of  the  paper  may  be  regulated. 
By  the  time  the  pulpy  mass  arrives  to  the  fiuthest  end  of  the  machine,  it  has 
acquired  sufiicient  tenacity  to  be  taken  up  by  a  larger  cylinder,  covered  with 
lelt  or  flannel,  and  is  then  passed  between  a  series  of  similar  cylinders,  and 
finally  delivered  on  to  a  reel ;  and  when  this  reel  has  sixteen  or  eighteen  quires 
wound  upon  it,  it  is  removed,  and  another  put  in  ita  place ;  the  paper  is  now 
cut  ofiT  the  reel  by  a  loEsitudinal  incision  through  the  coil,  when  it  undergoes 
a  similar  series  of  operations  to  that  we  have  described  in  making  paper  by 
band.  A  full  description  of  this  machine  ia  eiven  in  the  Beper/ory  of  ArU^ 
Vol  XIII.  Second  8eriea,  to  which  we  must  refer  our  readers,  in  order  that  we 
jnaT  find  room  lor  the  description  of  a  variety  of  improvements  in  paper 
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making,  founded  upon  the  Bdmirable  mechaninn  w  liave  brieB/  ooticed.  Tor 
which  the  public  stand  indebted  piTtl;  to  llie  skill,  and  wholly  to  the  deiennincd 
peracvuTauce  of  the  Meini.  Fourdrinier.  It  is  indeed  to  be  lamented  that  then 
gentlemen  bsTe  never  recei  I'cd  any  adequate  remuneratioii  fur  tbe  benefit  which 
they  have  conferred  upon  ilieir  country. 

The  first  inveniicn  which  we  have  to  notice  poaaeuet  a  coDgiderabl«  degree 
of  Dorelty  and  ingenuity  ;  the  authora  and  patentees  of  which  are  Meitra. 
DeimisoD  and  Hunis.  paper-maken,  of  Leeds.     Tbe  paper-mould  is,  in  thi> 
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CM^  euulfaNMNi%  bat  difl^rrally  anranged,  forming  limpljr  the  exterior  or  peii* 
llienror  alaipe  dnun,  which  revolves  m  the  pulp  vet  The  preceding  engraving 
eshnili  an  elevation  of  the  apparatos,  ehown  partly  in  Mctioa.  a  it  a  veaeel 
eoBlainihg  the  w%  conaiderably  dOuted,  which  it  preserved  at  the  desired 
kvd  bv  any  of  the  usual  means,  so  that  the  pulpy  liquid,  when  the  machine  is 
at  work,  shall  flow  over  the  curved  side  of  the  vessel  mto  a  revolving  cylindrical 
BMNdd  k  In  the  vessel  a,  a  vane  e  is  made  to  revive,  to  keep  up  a  powerful 
i^gitatioo,  and  prsvent  any  of  tiie  fihres  from  subsiding.  The  rotatoiy  mould  k 
is  fMrmed  on  its  per^ery  like  a  sieve  (which  will,  hereafter,  be  particularly 
descfibed),  and,  as  it  turns  round  in  the  duection  ^  Uie  arrow,  the  pulp  b 
reeetved  upon  it ;  the  ehief  fwrt  of  the  water  instantly  drains  through  the  bars 
of  the  mould,  and  the  paper,  in  a  loose,  ipongy,  wet  state,  is  formed.  The  con- 
tinned  moCkNi  of  the  mould  brings  this  pulpy  matter  in  contact  with  an  endless 
Mt  d,  which,  by  a  superior  attraction  of  cohesion,  attaches  to  itself  the  pulpy 
fabric,  and  carriee  it  forward  between  that  felt  and  another  felt  e,  where  it 
rseclvea  pteasura,  Int  from  a  pair  of  wti  roUen  ff^  then  a  greater  pressure 
Inmh  die  drw  r^Unggf  horn  thence  the  paper,  in  a  comparatively  dry  state, 
is  taken  up  by  a  rotatory  vane  A,  upon  which  it  is  folded ;  when  tnis  vane  is 
Adly  charged  it  is  removed,  and  another  vane  substituted  in  its  pbce.  In  this 
manner  a  sheet  of  any  required  length  may  be  made.  The  cnrlindrical  mould 
b  revolves  in  a  veasel  of  water  i^  which  servea  to  wash  off  the  fibrous  matter 
that  maj  adhere  to  it,  and  to  receive  the  water  wldch  drains  from  the  diluted 
pilp  as  It  passes  over.  The  cast-iron  frame  iqpon  wlddi  the  mould  revolves  is 
jointed,  to  fiscilitate  that  lateral  shaking  or  trembling  motion,  essential  in  the 
making  of  paper,  which  is  eflfected  by  a  crank  and  rod,  or  by  any  of  the  other 
usual  means,  motion  bein^  communicated  from  the  gaaring  which  drives  the 
rollers,  &c  The  roller  k  u  called  the  eombbuf  roOer,  as  it  takes  the  paper  off 
the  mould.  This  roller  is  provided  with  a  regulating  screw,  to  tighten  the  web, 
or  adjttf  t  the  pressure  against  the  mould.  The  upper  wet  rollers^ and  the  upper 
dry  rollers  g,  have  also  regulating  screws,  by  which  they  may  be  elevated  or 
depressed  in  the  long  slots  wherein  their  axes  revolve,  so  as  to  increase  or 
diminish  the  pressure  upon  the  wet  paper.  A  small  roller  /  ii  employed  for 
assisting  in  separating  the  paper  as  it  passes  from  the  felt  on  to  the  vane  A.  As 
the  lowermost  web  becomes  very  wet  by  receiving  the  water  from  the  paper,  a 
small  cylinder  m  is  employed  to  press  out  the  water  from  it  as  it  revolves.  For 
the  perfect  cleansing  of  the  webs  from  the  fibrous  matter,  small  rotatory 
bnisnes  are  directed  to  be  fixed  so  as  to  brush  over  their  surfaces ;  and  the 
employment  of  jets  of  water  to  wash  over  the  felts  is  also  recommended  by  the 
patentees.  As  the  peculiar  construction  of  the  rotatory  mould  forms  ^e  prin- 
cipal feature  of  this  invention,  and  the  ground  of  patent-right,  it  is  proper  that 
we  should  describe  it  more  particularlv.  In  its  outline  it  presents  precisely  the 
figure  of  a  military  drum ;  its  periphery  is  formed  by  connecting  together  a 
series  of  metallic  rings;  the  cylinder  is  then  covered  longitudinally  with 
numerous  small  thin  bars  of  copper,  three-eighths  of  an  inch  wide,  plsced 
edgewavs,  so  as  to  form  a  comolete  erating  over  the  whole  surface.  The 
copper  bars  have  numerous  small  lateral  projections,  to  keep  them  at  a  regular 
distance  apart ;  these  are  directed  to  be  made  by  passing  plain  slips  of  cupper 
between  cylindrical  steel  rollers,  with  indeniations  on  one  of  them,  adapted  for 
producing  an  uniform  series  of  little  slabs. 

It  has  been  usual  to  distinguish  laid  paper  (or  paper  made  in  hand  moulds) 
from  machine  paper,  (or  that  made  on  tne  endless  wire  web  in  a  machine,)  by 
the  peculiar  water-mark  lines.  Hitherto  the  machine  paper  has  been  made  on 
vfiry  fine  woven  wire,  which  gives  it  that  smooth,  woven  appearance ;  while  the 
liid  paper  is  marked  by  distinct  parallel  lines,  crossed  by  a  few  thicker  lines 
•bout  an  inch  apart.  The  usual  process  of  working  wire,  in  making  the  hand 
inoulds  that  produce  the  last -mentioned  effect,  is  tedious  and  expensive ;  hut 
the  paper  made  from  them  is  generally  preferable,  and,  we  believe,  is  worth 
more  in  the  market. 

The  ofcgect  of  the  invention  we  shall  next  describe,  is  to  make  a  paper  resem- 
liling  tha  Dand  paper  by  a  machine.     For  this  purpose,  Mr.  Louis  Aubrey,  of 


T<roWaten,mHeitrard9bire,IookoutapatentiDlS27,  roranendlenvebof  wir^ 
that  will  produce  the  ume  kind  of  water-Tnorlu  u  are  exbibilnl  in  the  laid  paper. 
The  (rarp,  conuitiiie  of  the  sinail  wires,  ii  put  into  the  loom  in  the  uiual  wajri 
until  tile  reed  i>  filled  to  the  width  required.  A  wooden  or  metal  roller,  about  Iitv 
inchea  in  diameter,  containing  in  a  tine  linni}' lived  ai  many  metallic  pegia«thera 
are  lar^  water  linei  required  in  tbe  paper;  these  pegs  stand  out  from  ihs  roller 
about  a  quarter  of  an  iDch,  and  aniwer  lo  correipoiidtng  large  diviiioni  teh  in 
the  reed.  The  large  warp  ii  then  olaced  on  to  each  of  theie  pega,  and  round  the 
roller,  until  a  sufficient  length  ii  obtained :  the  ends  are  then  paaed  ibroueh  tlie 
front  bameaa,  placed  lomewhat  hifiherthan  the  small  huniefs,  aud  from  thence 
through  the  large  diviiioni  in  llie  teed,  where  the  endi  are  made  fast  to  stout 
iron  rods.  In  this  manner  both  warps  ara  drawn  tight,  and  ibe  weaving  is  eie- 
cuted  by  the  usual  process.  The  luperior  (bickneu  of  the  wires  of  ilie  Urge 
warp  cauiei  them  lo  project,  and  to  produce  the  coarse  water  lines  in  the 
paper  made  with  it 

About  tile  same  period  of  time,  Messrs.  J.  and  C.  Phippa,  of  London,  look  out 
a  patent  fur  adilTerenl  mode  of  producing  the  laid  paper  impresriona  in  a  machinei 
which  is  of  easy  application  to  a  Fourdriniets'  macliine,  u  it  comists  simplj  iu 
the  uddilion  to  the  latter  of  a  revolriug  cylinder,  which  impresses  the  peculiar 
water  lines  required  upon  the  wove  paper  as  the  latter  ii  received  upon  the  felt. 
For '.his  purpose,  the  cylinder  is  fortoeil  of  wooden  disc*  at  the  ends,  and  concen- 
tric ririgk,  and  tumi  on  a  central  iron  axle.  Over  the  periphery  of  the  cylinder, 
the  lame  kind  of  wire-work  as  the  laid  paper  moulds  are  made  of,  is  wound 
round,  and  carefully  joined  st  the  seam,  rhis  cylinder  is  mounted  over  the 
fflt,  13  as  to  rest  its  weight  upon  it,  by  turning  loosely  in  vertical  slots,  made  in 
brass  bearings  on  the  aide  frames  of  the  machine ;  the  wire-work,  therefore, 
pauine  upon  the  newly-made  wet  paper  on  the  felt,  produces  the  required 

Mr.  George  Dickenson,  of  Bucklond  mill,  near  Dover,  who  has  shown  equal 
(kill  and  peneverauce  in  improring  the  mechanism  of  the  paper  manufacture, 
for  which  he  has  bad  many  patents,  obtained  one  in  1828,  which,  combining 
several  previous  improveroenls,  we  shall  here  describe.  In  the  machines  we 
have  already  noticed,  it  will  be  observed  that  a  lateral  or  horiiontnl  motion  Is 
given  to  the  endless  web  of  wire  for  felting  the  fibres,  and  separating  the  water 
tnim  the  pulp.  The  leitditig  objects  of  tiiis  invention  are  to  give  a  rapid  *ibra- 
tion  to  the  wire  web  In  a  vertical  direction,  and  by  rarefying  the  air  underneath 
the  wire  web,  cau^le  the  atmosphere  to  press  upon  the  uiperior  surface  of  the 
paper,  by  which  a  farther  cortion  of  the  waltr  is  driven  through  tlie  paper  into 
the  rarelted  apartment  undemesth,  and  thus  the  paper  is  more  speedily  and 
efl'cctually  dried.  From  this  account,  somewhat  of  the  nature  of  the  machine 
may  be  understood.  We  will  now  describe  the  arrongeroents  more  particuUriy. 
with  reference  to  the  accompanying  engravings.  The  engraving  on  the  next 
puge  exhibits  side  elevations  of  two  distinct  machines,  which  are  brought  into 
action  together  1  they  are  marked  Fig.  I,  f^.  2,  and  fig.  3,  wliioh  fol- 
lows it,  exhibits  a  longitudinal  section  of  the  exhausting  cylinder  only.  In 
Utf.  1,  a  a  Is  a  wooden  frame  supporting  the  whole;  i i i  an  iron  frame  secured 
to  a  similar  one  on  the  opposite  side  by  a  rod  at  top,  and  a  bir  at  the  end,  attd 
vibrating  on  a  pivot  c;  da  cylinder,  revolving  onaniedatis  e,*/l  and/Sband 
wheels,  which  give  motion  to  the  cylinder  li  by  a  toothed  wlietl  on  the  axis  of 
/I,  shown  by  dots,  which  takes  into  another  toothed  wheel  ou  the  cylinder  if; 
g  a  cylinder  revolving  In  pivots,  supported  by  the  frame  bli ,-  A  a  roller  set  in 
motion  by  the  pinion  (sliown)  driven  by  the  toothed  wiieel  on  d,  and  which 
lakes  into  another  wheel  on  the  end  of  the  roller  h  ;  k  another  roller  turning  in 
grooves  by  being  placed  in  contact  with  the  revolving  roller  A  ;  III  au  eniilea 
web  of  wire  passing  over  the  cylinders  d  and^,  also  betwixt  the  rollen  A  and^ 
and  over  tlie  tightening  rollers  n  and  n,  tbe  latter  of  which  is  movable  by  ■ 
scraw,  in  order  to  reguUtc  the  tension ;  o  o  a  series  of  rollen  lupimrting  tht 
wire  web.  and  revolving  upon  spindles  in  uotchei  cut  in  tbe  Mde  raili,  utaohad 
to  the  flame  1  £ ;  p  a  atoul  piece  of  brass  called  tlie  deckle,  plaead  oa  each 
aide  of  tbe  machine,  over  the  wire  web,  and  supported  by  the  cross  ban  S9i 
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iluch  con  be  ijuwj  at  lowrrvil  Itj-  •rrcni  in  lide  piece* iltachcd  to  ilie  finme  hb; 
T  ibe  drcl[l«  >tni|n,  revulviiis  'wti  pulley*  ollnchrd  to  aach  «nd  of  tit.!  dc-cklt:, 
:r  aiiniUr  putlcy«  t>u  lti«  anil  of/ 1,  and  under  a  pullff  f,  dipping  into 
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■  veuel  otviiitet;  the  alnipi  cnnfinv  the  pulp  at  thesidet  oftlie  w?b,  and  rego- 
late  llie  vriiUli  of  ihe  papfr,  whitli  is  atturdiiig  lo  ilie  diaioiiue  ilie  deckle*  an 
aaandft;  It  ligbleniiig  Tollen,  to  tiglitpn  llii:  deckle  ntrBps;  r  a  lar^e  bond 
wheel,  driven  by  the  prime  mover,  oiid  driving  the  •nialler  band  wheerw,-  the 
luiler  i-«irie«  »  crank  (not  «een)  ael  three-eighiln  of  an  inch  mil  of  rlie  centre 
of  il>u  axil  [if  llie  wheel,  but  which  eccr-itrjcity  can  be  altered  at  pteaiure :  a  ■ 
ciiKiieutiiig  rod  allached  to  the  crank  and  to  Ibe  frame  b,  causing  the  latter  lo 
riae  and  fall  [liree-qiiartera  of  aii  inch  at  eacli  revolution  of  ibt  wbeel  w ;  y  an 
irun  iiand,  and  lupporting  the  ipring  a,  upon  which  the  frame  b  slrikei  at  eacli 
dettcrlil  of  the  connecting;  rod  x,  and  thus  asaiHa  llie  crank.  1  a  nidp-bux, 
aitnched  lo  the  frame  b,  and  extending  the  wliole  width  of  the  wire  well ;  to  the 
front  lioard  i*  attached  a  piece  of  leather,  which  deacendi  on  Id  the  wire  web, 
and  ditiribulei  the  pulp  equally  over  the  neb;  2  a  thin  )iiece  of  hu.ird,  trt 
rd^rwnyi  upon  the  »ire-web  between  the  derklea,  and  keejifng  luck  the 
biibhiea  of  air  and  water  lu  the  pulp  ;  3  a  fixed  pulp-hox,  which  feedl.  the  box 
1,  and  rcgulatet  (be  qunnlitj  therein ;  4  a  pipe  leading  Irom  (be  cylinder  d  lo 
the  air  pump.  ftg.  2,  a,  a  metal  roller  revolving  on  bearinga,  ubich.  can  be 
raised  or  lowered  by  the  screw  b;  e  another  roller,  revolving  in  a  fixed  bearing; 
thi(  roller  ii  lel  in  motion  b^  tlie  toothed  wheel  i  an  ita  axis,  which  ii  driven  ba- 


ilie nhei 

leii  neb  of  felt, 


tatter  receiving  its  motion  from  the  prime  mover.    //  iin  end- 
■ '  ■   -    fan  the  rullrr*  a 


(,  nua,     _ 

eel.  turned  by  a  pulley  k  oi 
band  pauiog  over  it,  and  a  piilte;  on  the  axii  of  e. 

The  operutioii  of  the  uiac^iine  ia  aa  rolloni :  the  pulp  flowa  from  the  but  3 
into  the  box  4,  thence  la  diaiributed  by  the  leather  on  to  the  wire  web ;  on 
arriving  at  the  cylinder  d  the  paper  receive*  a  coiiiiderHble  degree  of  |ireaiiire 
upon  its  extiTiiul  lurface  from  the  atmoGphere,  owing  lo  the  air  being  rarefied 
in  the  interior  of  the  cylinder  by  nieana  of  an  iiir  pump  attached  to  the  pipe4; 
and  the  paper  n  tliua  deprived  of  the  principal  nan  of  ita  water.  The  oon- 
Pilous  aliett  of  paper  (hen  pasaes  between  the  rollers  h  and  i,  and  llience  on 
to  the  cndlenl  web  of  felt,  when  the  remaining  water  it  contain*  ia  prened  out 
by  the  roller*  a  and  c.  Fig.  2,  preporatory  to  iti  being  coiled  upon  the  reel  K. 

Fig.  S,  a  section  of  the  cylinder  d.  d'aVtie  exhauiting  cylinder,  of  bras*, 
and  pierced  full  of  holea;  te  end  pieces  bolted  lo  d,  and  cturying  toothed 
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twovolltn^  tfw  imper  of  which  is  to  be  heated  by  tteam  in  the  uiual  way,  fini 
wkk  one  aide^  and  afterwards  with  the  other  upwards,  to  give  it  an  eaual  gloea 
en  both  ttdea ;  aeeoodlv,  to  introduce,  during  the  manufacture,  into  uie  centre 
of  die  paper,  threada,  fine  net,  or  other  reticulated  material ;  and  thirdly,  to  cut 
it  into  a  sheet  of  appropriate  siae,  by  a  more  convenient  and  expeditious  method 
than  thoae  now  in  use.  The  first  object  he  effects  by  carrying  the  paper  upon 
iiiktf  taoDd  a  aeries  of  rollers,  similar  to  those  employed  in  the  doable  machmea 
te  printiDg  both  sides  of  a  sheet  of  paper  at  one  time ;  the  second,  by  placing 
•vw  iha  pup  Tsssd  a  series  of  bobbms  with  thread,  or  a  roller  whh  any  other 
Malarial  to  be  introduced  mto  the  paper.  These  threads  are  guided,  by  a 
gracrtd  roller,  into  the  pulp  close  to  tlie  first  or  feeding  roJler,  which  tsJces  up 
oiejpiilp  to  ibrm  the  paper,  and,  by  the  current  of  the  |mlp  approaching  the 
hmnaig  roiler,  the  threads  are  brought  into  contact  with  it  The  third  improve- 
naot  he  cfibcts  by  affijong  to  the  Irattom  of  a  tall,  oscillating  frame,  a  series  of 
coeabr  revolving  cotters;  and  when  this  fi-ame  is  made  to  oscillate,  and  the 
cnttert  to  revolve,  they  traverse  along  the  edge  of  stationary  cutters,  on  which 
the  paper  to  be  cut  is  extended,  and  thus  the  advantages  of  a  clipping  action 
IS  ootamed. 

In  a  subsequent  patent  granted  to  the  las^  mentioned  Mr.  John  Dickenson, 
in  October  1 830,  for  an  improvement  upon  his  previously  patented  machinery, 
his  object  is  to  make  thicker  paper  of  a  better  quality  than  could  be  produced 
by  the  existing  mechanism.  To  obtain  this  result,  he  employs  two  cylinders 
for  taking  up  the  pulp  from  separate  troughs  at  the  same  time,  from  each  of 
which  a  web  of  wet  paper  is  conveyed,  by  means  of  endless  felts,  to  a  pair  of 
rollers,  where  they  are  united  by  pressure,  the  subsequent  manufacture  of  the 
paper  being  completed  in  the  usual  manner.  To  have  a  clear  idea  of  this 
arrangement,  it  is  only  necessary  to  consider,  that  a  duplicate  of  the  pu^ 
cylinder  of  the  common  machines  is  introduced  in  any  convenient  situadon, 
governed  by  the  localities  of  the  mill ;  and  that  it  is  actuated  by  the  tame 
machinery  which  turns  the  first  cylinder. 

In  the  month  following  tho  grant  of  the  last-mentioned  patent,  another 


obtained  by  Mr.  John  Hall,  inn.,  of  Dartford,  for  **  a  macmne  upon  a  new  and 
improved  construction  for  the  manufacture  of  paper,"  whicli  we  find,  by  a 
perusal  of  the  specification,  to  be  for  precisely  the  same  object  as  Mr.  John 
Dickenson's ;  but  the  process  adopted  by  Mr.  Hall  is  much  more  elegant  and 
scientific.  In  order  to  collect  to  the  surface  of  the  main  cylinder  of  the 
machine  a  quantity  of  pulp  sufiicient  to  make  paper  of  any  required  thickness, 
Mr.  Hall  employs  an  hydraulic  pressure,  in  the  following  manner: — the 
cylinder  is  made  to  turn  in  a  vessel  supplied  with  pulp  on  the  one  side,  and 
clean  water  on  the  other,  which  rises  considerably  on  its  exterior,  and  through 
the  axis,  which  is  made  hollow  for  the  purpose,  and  has  a  bent  pipe  extending 
from  it  to  the  lowest  part.  The  water  is  continually  pumped  from  the  interior 
of  the  cylinder ;  and  thus,  by  the  difference  in  the  altitude  of  the  water  inside 
and  outside,  an  hydraulic  pressure  will  be  obtained,  variable  at  pleasure,  and 
available  in  causing  a  greater  or  less  quantity  of  pulp  to  adhere  to  the  surface, 
which  is  covered  with  wire-gauze,  supported  by  strong  ribs,  to  admit  of  the 
passage  of  the  water  from  the  exterior  to  the  interior. 

The  next  invention  we  have  to  notice  is  by  Mr.  Wilks,  one  of  the  partners  of 
the  firm  of  Bryan,  Donkin,  &  Co.,  engineers  of  great  experience  and  celebrity 
in  this  department  of  mechanism ;   they  having  been  almost  unceasingly  en- 

Siged  in  tne  construction  of  the  Fourdrinier,  and  other  paper  machines,  from 
eir  earliest  introduction  to  the  present  time :  any  improvement,  therefore, 
emanating  from  that  house,  carries  with  it  a  recommendation  for  utility.  The 
improvement  contemplated  by  this  patentee  i»  the  application  of  an  additional 
roller  to  the  Fourdrinier  machines.  The  additional  roller  is  to  be  perforated, 
and  it  is  intended  to  facilitate  the  escape  of  the  water  from  the  pulp  web,  pre- 
viously to  its  being  subjected  to  the  pressing  rollers.  Still  more  to  facilitate 
the  abstraction  of  the  water,  Mr.  Wilks  proposes  to  employ  the  pressure  of  the 
atmoephere,  by  making  a  vacuum  within  that  jpart  of  the  perforated  roller  on 
which  the  paper  web  rests.    The  method  of  making  these  rollers  is  described  to 


;.-i2  PAPER  MANUFACTUnE. 

cunaist  of  llie  fullawing  procfaaea :  a  piece  of  slieet  Clipper,  iMifs,  or  otiier 
■liilable  melol,  U  bent  and  aoldeteil  in  tlie  rorm  ol'  a  lube,  wlioie  length  ia  equal 
to  the  circumference  of  tlie  intended  roller,  ftud  whose  circumlerence  Is  equal 
to  the  lengtli  of  the  intended  roller,  making  an  Bllonaiice  fur  the  watte  ■■ 
the  ends.  The  tube  is  tlien  to  he  drawn  on  trebleltj,  in  llie  usual  manner, 
and  afterwards  turned  truly  cylindrical  on  the  mandril,  on  which  it  wu  drawn. 
A  aeries  of  gruorei.  eight  or  ten  in  number,  are  then  turned  lisif  tlirough  tlie 
tube,  with  a  tool  the  ainteenlli  of  an  inch  wide,  and  to  made  oi  to  make  the 
butlonii  of  the  tubes  aa  wide  aa  (heir  tops.  The  tube  is  then  taken  fruni 
the  mandril,  cut  open,  and  beut  inside  out,  and  aiddered  in  the  form  of  another 
tube,  wbo>e  length  ahai)  correspond  10  the  circumference  of  the  lirst,  tliua  cou- 
alituting  a  hollow  cylinder,  with  langiludin»l  grooves  inside.  It  i*  to  be  agnin 
drawn,  ajtd  turned  with  grooves  to  the  amount  of  twenty-four  in  the  inch  ; 
these  will  of  conrst  cross  the  other  at  right  angles,  and,  being  cut  half  through  aa 
before,  the  entire  surface  will  be  composed  of  traniverse  ridgea  Bad  rectangular 
perforations.  When  it  is  deiired  to  employ  the  exhausting  principle,  a  second 
jierforated  cylinder  is  introduced  within  the  first;  the  inner  cylinder  must  be 
made  jinuath  inside,  that  it  may  (it  air-tight  upon  a  sectoral  cavity,  exicuding 
from  the  axes  to  the  circumference,  enclosing  about  aa  eighth  part  thereof, 
opposite  to  the  place  covered  by  the  web  of  paper,  as  it  pataes  orer  the  roller. 
The  air  is  pumped  from  this  eavily  through  the  axia,  which  is  made  hollow  for 
that  purpose  by  an  air-pump  of  lite  usuul  coustructiun.  When  this  method  of 
abslracling  the  water  is  employed,  the  roller  must  be  put  in  motion  by  a  Ifajn 
of  wheel-work,  ao  arrungcd  that  It  mny  coincide  precisely  witli  the  motion 
through  the  machine. 

1830.  From  a  perusal  of  the  spcctficilions  of  patents  gmuted  about  this 
period,  it  would  appear,  thftt  the  alUiitinii  of  the  man u fact uiert  of  paper  wm 
rather  directed  to  such  improvenieiila  uf  tlie  inechanitni  as  were  calculated  lu 
HDieliorate  and  enhance  the  qualilji,  than  ID  aueh  (M  might  accelerate  the  process, 
und  increase  the  qaantity :  and  the  ingenuity  and  talent  thus  culled  into  action 
by  rival  manufacturers  is  deserving  vf  record,  Wtre  ttiey  of  less  practical  nlility. 
We  shall  therefore  notice  three  of  their  inventions,  in  the  order  of  ihc  date  of 
their  patents.    The  first  is  Mr.  Richard  Iholwn'a,  of  Slanwell,  Middlesex, 

Hitherto  much  difficulty  has  beOi  experienced  in  clearing  the  atuH',  or  pulp, 
of  which  paper  is  made,  of  the  emjU  knuls  which  arc  Invatiably  found  in  it,  and 
which,  if  nut  separated,  necessarily  deteriorate  the  quality  of  the  paper,  'i'he 
sieves  or  strainers  which  have  been  eenerally  employed  fur  separating  the  knol^ 
have  been  either  so  wide  in  the  meshes  as  to  permit  the  smaller  knots  to  pa« 
through,  or  else  they  ruy  soun  get  clogged  up ;  for  it  is  evident  that  the  fibres 
of  which  even  the  liuest  paper  is  made  are  considerably  longer  than  one  of  the 
meshes  in  the  aieve,  and  hence  they  will,  instead  of  passing  through,  be  d^ 
posiled  across  the  meshes,  and  immediately  render  the  aieve  useless.  To  remedy 
these  imperfections,  Mr.  Ibocsoa  manufactures  bis  uevea  or  strainera  (which  he 
applica  to  the  Funrdrinier  niaehines)  of  metallic  bnri,  giving  the  preference  to 
gun-metal,  made  Hat  on  the  upper  surface,  and  about  half  an  inch  wide,  or,  at 
all  events,  of  a  width  greater  than  the  length  of  any  of  the  tibrea  m  the  pul^ 
Tlie  bars  are  strengthened  hj  a  projection  extending  along  the  middle  of  thetr 
lower  aides,  so  that  the  cross  section  of  one  of  the  bars  mny  be  represented  by 
the  letter  T.  These  bars  are  in  a  Iraine  at  a  disunce  from  each  other,  coi^ 
responding  with  the  intended  quality  of  the  paper  for  which  the  sieve  is  to  be 
usnl.  H«  has  designed,  however,  a  very  ingenious  method  uf  ui^usUng  th* 
diitaiicea  between  the  ban,  so  as  to  make  the  same  aieve  answer  for  the  mant^ 
lacture  of  paper  of  difierent  qualities :  for  this  purpose  he  makes  nil  tlie  bar* 
lu  lB|ier  uniformly,  and  fixes  every  alternate  bnr  with  lu  narrow  end  tuwarda 
tlie  aanie  aide  of  the  sieve,  and  he  frumei  the  olher  burs  together,  but  does  not 
lix  them  to  the  sieve ;  ihey  are  inlnuluced  between  the  fixed  bars,  with  their 
narrow  ends  in  ■  contrary  direction.  By  this  arraiigemcntt  it  is  evident  that  tW 
diataneci  between  may  be  diniinislied  or  iiicrc^iaed  lo  any  degree  of  nicety,  will, 
e  bars  forwards  or  backvrardS: 
e  is  to  be  placed  in  ^ 


the  rrtatest  facility,  by  piulllng  tlie  frame  uf  loose  b 
wbieli  ia  ^cted  by  nicani  uf  adjusting  screws.     Th 
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IwimIi  eooTenknily  titiiated  to  receive  the  palp  firom  the  hog,  or  machine  bj 
whim  tiM  ngs  are  torn  to  pieces,  and  agitated  into  the  consistence  of  pulp. 
Om  tida  of  tha  nave,  which  is  made  in  the  form  of  a  rectangular  parallelogram, 
is  ■Itaefaed  bv  hin^  to  the  trough,  and  the  other  is  connected  with  a  set  of 
cuii-wlie«l%  by  which  it  is  elevated  and  depressed  with  great  rapidity ;  and 
vhan  the  neve  gets  dogged  up  by  the  knots,  which  it  separates  from  the  pulp, 
its  sinfiice  is  to  be  cleared  by  a  rake  or  brush,  made  of  hard  bristles.  This 
iaiias  to  be  a  highly  iogenioiis  invention ;  and,  in  the  hands  of  a  practical  man, 
•a  it  is^  it  cannot  fiul  to  become  useful  to  the  public. 

The  next  patent,  dated  March  1831,  is  the  invention  of  Mr.  G.  W.  Turner, 
of  Bermondsey,  Smrcy,  which  consists,  first,  in  the  construction  of  a  new  species 
of  Hcvea  Ibr  aeparating  the  himpa  and  eoaxae  parte  of  the  pulp  from  the  finer 
portkn,  that  tae  ktter  onitf  be  employed  in  the  fiibrication  of  the  paper ;  and 
eeeoodSiy,  in  a  peeoliar  moae  of  appljrmg  the  sieves,  so  as  to  supersede  the  use  of, 
and  ibrm  ao  imprafad  snbstitnte  for  the  vat  and  the  kog,  Mr.  Tiumer  describes 
eeveral  forma  of  iievas  in  his  specification,  slightly  varied,  but  partaking  of  the 
aame  characteristic  featnres.  That  to  which  he  appears  to  give  a  preference  is 
of  a  circular  form,  and  consists  of  a  series  of  concentric  rings  of^thin  metal, 
previously  bent  into  a  right  angle,  but  placed  with  a  flat  side  upwards,  like  the 
letter  L  reversed,  thus,  r  T  T ;  thev  are  arranged  in  concentric  circles,  leaving 
between  each  annular  crevices  about  the  fi&eth  of  an  inch  wide,  and  are 
fastened  by  screws,  or  solder,  to  radial  arms  underneath,  proceeding  firom  a 
central  block  to  a  peripheral  band,  which  is  about  8  inches  deep,  and  3  feet  in 
diameter.  The  manner  in  which  the  sieves  are  used  we  wul  now  explain. 
Upon  the  top  of  a  square  vat  or  cistern  is  fixed  a  framed  standard,  supporting 
in  plummer  blocks,  at  its  upper  extremity,  the  axis  of  a  vibrating  beam ;  to 
eMcn  end  of  this  beam  is  suspended,  by  a  rod  or  spindle,  one  of  the  sieves  just 
described,  the  bottoms  of  which  lie,  when  at  rest^  upon  the  surface  of  the  pulp 
in  the  vat.  The  rods,  or  spindles,  are  jointed  to  the  beam,  to  allow  of  their 
moving  vertically  by  its  vibration,  which  is  effected  by  a  rod  connected  to  a 
revdvmg  crank,  the  latter  imparting  sufficient  motion  to  the  sieves  to  cause 
their  bottoms  to  be  alternately  lifted  out  of  the  pulp  an  inch  or  two,  and  then 
plunged  underneath  it.  To  this  action  of  the  sieves  is  added  that  of  a  rotatory 
motion,  communicated  to  them  from  the  first  mover  by  means  of  pulleys  fixed 
on  their  rods  or  spindles,  which  pass  through  centre  holes  in  the  standard  frame, 
and  are  provided  with  swivel  joints  between  the  links  that  connect  them  to  the 
beam,  and  thus  admits  of  a  rotative  as  well  as  a  vibratory  action,  at  the  same 
time,  which  tends  to  dislodge  any  gross  particles  that  may  stick  in  the  inter- 
stices of  the  sieves,  and,  at  the  same  time,  to  disturb  and  agitate  the  whole  con- 
tents of  the  vat.  The  pulp,  thus  reduced  to  a  smooth  and  homogeneous  state, 
flows  over  a  wide  lip  in  tl\e  vat,  directly  on  to  the  endless  web  or  mould,  and 
thus  supersedes  the  necessity  of  the  '*  hog." 

In  1832  Mr.  John  Dickenson  took  out  a  patent  for  the  same  important 
object,  that  of  obtaining  a  perfectly  uniform  and  smooth  pulp,  in  order  that  the 
paper  produced  therefrom  might  be  of  a  firm  and  even  texture ;  the  process  we 
proceed  to  describe,  with  reference  to  the  figures  on  pa^e  254.  a  a  a.  Fig.  1,  repre- 
sents a  section  of  a  vat  containing  the  pulp,  which  is  to  be  regulated  by  a 
waste ;  at  6  is  a  false  bottom ;  c  c  is  a  rotatory  cylinder,  through  which  that 
portion  only  of  the  pulp  that  is  to  be  made  into  paper  passes ;  the  knots,  grit, 
&C.  being  prevented  from  entering  by  the  wires  which  envelope  the  periphery  of 
the  cylinder.  These  wires  are  arranged  spirally  by  a  continuous  coil,  in  the 
manner  of  a  squirrel  cage,  but  so  close  together  as  to  leave  only  the  one  hun- 
dred and  fifteenth  part  of  an  inch  space  between  them.  The  wire  recomniendcd 
for  this  purpose  is  to  be  drawn  of  the  figure  represented  in  Fig.  2,  the  narrow  uoder- 
oeath  side  ^  being  fixed  next  to  the  cylinder,  where  it  is  to  be  fastened  by  rivets  to 
the  longitudinal  bars  ee,  leaving  the  uniform  space  between  the  coils  as  before 
flientioned,  which  may,  of  course,  be  easily  performed  by  a  gauge.  The  spaces 
tlirough  which  the  pulp  must  pass  are,  therefore,  longitudinal  hlits,  two  or 
three  inches  long,  and  only  the  one  hundred  and  fifteenth  part  of  an  iuch  widev 
The  ends  of  the  cylinder  are  dosed,  except  at  the  axes  of  rotation,  which  are 
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formed  or  large  tubes ;  through  these  the  fine  pulp  rcMived  into  ibe  cyMt^a 
flowB  olT  to  the  mould  on  wbich  ihe  paper  is  rutnied.  Ai  there  vould  be  a 
continual  liBbitity  of  tlie  Gne  iniETBiices  of  the  cylinder!  hecommg  clonfd, 
unleu  •onie  meuii  were  adopted  lo  prevent  it,  Mr.  Uickenion  employ!  vhat  a 
techtiically  termed  a  float  (though  it  does  not  poseeas  that  precise  character), 
which,  hj  an  up-aad-dowD  motion,  agitates  the  liquid,  and,  by  chaoging  tbc 


course  of  the  current  through  Ihe  nirea,  throws  off  whatever  has  nceumulatod 
on  Ihe  outside  of  them,  l^is  float  is  a  close  vessel  of  ilroiig  copper,  of  nrarlj' 
the  length  of  the  cylinder  (four  feet),  and  oflhe  seclinnsi  figure  seen  ai//,-  Mi 
horitonlal  bar  po«aeB  throughout  the  lower  part  of  this  vessel,  and  alin  ihrOHjih 
the  tubular  axes  of  the  cylinder,  beyond  the  plnmmer  boxes,  in  which  the  latier 
turn,  where  Ibe  horizontal  bar  is  faitened  to  a  vertical  bar  A  at  each  end,  that 
are  connected  to  a  lever  i,  whose  fiilcrum  ia  at  t.  At  lit  n double  cam,  put  in 
motion  by  a  gear,  in  connexion  with  the  wheel  that  acliinies  tha  rDtal<>T]> 
cylinder;  every  revolution  of  the  cam  lift*  the  lever  i  twice  by  means  at  the 
wipen  m  m,  and,  throueb  the  medium  of  A,  the  copper  float//  also,  about  H 
inch  each  time;  and  Oie  "float"  being  somewhat  heavier  than  the  fluid  in 
which  it  ij  inimened,  fulls  immediately  sflerwarda,  producing  the  reffuired 
agitation.  A  second  improvement  under  ihii  patent,  consitta  in  the  kntvr* 
usually  employed  in  the  transverse  cutting  of  the  endless  sheets  of  paper  | 
these  are  umally  two  straighi«dged  hlades,  one  of  which  faeing  fixed,  and  lite 

E roper  length  of  paper  drawn  over  it,  the  other  descends  and  divides  the  ebeM 
;  a  similar  action  to  that  of  shears.  In  lieu  of  the  upper  moving  knife  *iA 
k  straight-edge,  Mr,  Dickenson  employs  one  of  an  angular  form,  repreaented  M 
n,  Fig.  3,  which  is  brought  into  contact  with  Ihe  lower  fixed  one,  shown  at  <i. 

A  patent  for  "certain  improvements  in  (u>nj,(r'airrnjr,  and  beaatifyaiff  ihe  m»lt- 
rials  employed  in  the  manufacture  of  paper,  pasteboard,'' &c,  was  taken  out  in  1 828 
by  Messrs.  De  Soias  and  Wise ;  and  as  the  procen possesses  novelty,  and  »  in 
successful  operation  at  the  latter  gentleman's  mill  at  Maidstone,  we  annex  the 
following  particulars,  which  we  have  obtained  by  a  perusal  of  the  spedficatioii. — 
A  ley  is  prepared  with  quickhme.  Ihe  subcarbonale  of  »oda  (or  potash),  and  water, 
in  a  vessel  of  while  wood,  until  the  alkaline  solution  shall  be  of  101°  ipecifie 
gravity,  water  being  considered  as  100".  With  this  soiiition  a  copper  ' 
about  one'third  fitltd,  and  bent  applied,  either  by  naked  fire,  or  by  s' 
the  latter  is,  of  course,  preferahle.  There  is  now  to  be  added  ofwhil' 
wax  an  equal  weight  lo  that  of  the  solution,  and  the  whole  to  be  stirred  until  ■ 
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Mrfbet  mioB  or  solntioii  of  the  wax  is  effected :  if,  after  a  bofling  of  three 
noiB%  tiiis  ahoald  nol  iqppear  to  be  the  case  (which  will  easily  be  discerned 
whm  a  Htdo  eoiperieim^  and  without  waitioir  till  the  materials  have  become  cold 
to  dotemiiiio  too  CMt),  then  a  little  more  of  the  alkaline  ley  may  be  added,  by 
<aiin%  to  eompbto  the  operation :  thu  being  done,  and  while  the  solution  uf  wax 
isSoiKiig  liot,  tnere  is  to  be  added  more  water,  in  the  proportion  of  lour  gallons 
to  cvwj  pound  of  wax  in  the  scJution,  and  the  boiling  continued.  While  this 
k  coiDg  on,  the  itardi  of  potatoes,  in  the  prooortion  of  from  four  to  four  and  a 
hut  potnidf  to  eranr  pound  of  wax  employed,  is  to  be  ieparately  mixed  in  a 
gaDoB  of  water,  and  turown  into  the  copper,  which,  being  stirred  up,  the  whole 
flOBlenti  of  the  ^nmA  wiU  almost  instantly  assume  the  consistency  and  colour 
af  a  ▼arr  iaa  whito  pasla^  in  which  state  it  will  keep  good  in  summer  for  about 
iftam  aagfa.  The  pasla^  prepared  as  abore  described,  is  to  be  used  in  the 
aviuuny  w^  of  riaiBg  paper,  varyinff  the  quantitjr  with  the  quali^  of  the  rags 
apafatad  i^oii.  If  the  rags  be  of  ue  coarsest  und,  about  3  lbs.  of  the  pas^ 
Mlalloo  to  120  Iba.  weif;lit  of  rag  in  the  pulp  will  suffice ;  if  of  middling  fine- 
aaaa,  about  4lba. ;  and  if  the  veij  finest  ra^  about  5  lbs.  of  the  paste.  Pre- 
vious, howerer,  to  the  mixture  bemg  made  mto  paper,  a  quantity  of  alum  in 
sohition,  equal  in  weight  to  the  wax  employed,  is  to  be  raized  with  it  The 
mixture  is  now  ready  to  be  made  into  paper,  eiUier  by  hand  or  by  machines,  in 
the  usual  manner.  After  the  sheets  are  formed,  it  is  advisable  to  dry  them  as 
speedily  ss  possible  by  free  exposure  to  the  air,  and  not  to  hang  more  tlian  two 
or  three  sheets  upon  one  another,  wliich  should  be  parted  before  pressing.  It 
is  dso  recommenoed,  that  the  felts  used  in  the  subsequent  pressing  of  the  new^ 
made  paper,  be  wetted  in  a  weak  solution  of  alum,  and  squeezed  out  by  the  press ; 
and  that  the  sheets  of  paper  be  two  or  three  times  alternately  pressed  and 
parted,  by  which  process  they  will  acquire  a  beautifully  firm  and  glossy  surface. 
The  patentees  likewise  direct,  that  the  couching  felts  be  not  washed  out  with 
soap,  but  with  the  ley,  whenever  required.  Although  the  weight  of  the  potatoe 
flour  is  given  in  the  dry  state,  there  is  no  occasion  to  dry  it  (which  is  a  tedious 
operation),  but  employ  it  in  the  moist  state,  in  which  it  deposits  itself  at  the 
bottom  of  the  vesseb.  Potatoe  flour,  in  drying,  loses  30  per  cent  of  water ; 
which  weight  of  water  should  be  deducted  in  calculatine  the  weight  of  flour 
employed.  As  several  kinds  of  paper  require  only  small  quantities  of  sizing 
materials,  those  points  must  be  regulated  by  the  knowledge  of  the  manu- 
facturer. 

The  manufacture  of  stout  and  beautiful  drawuig-boards  has  occupied  the 
especial  attention  of  Mr.  Steart,  of  De  Montalt  paper-mills,  Coomb  Down,  near 
Bath,  who  received  an  honorary  medal  from  the  Society  of  Arts,  Manufactures, 
and  Commerce,  for  the  communication  of  his  process,  which  we  have  abridged 
as  follows,  from  the  Transactions  of  the  Society. — ^The  extra  stout  drawing 
papers,  or  card  boards,  as  they  are  usually  denominated,  are  always  made  by 
pasting  several  sheets  of  paper  together  in  the  manner  of  a  common  pasteboard, 
and  afterwards  bringing  them  to  a  smooth  face,  by  pressing  and  rolling.  The 
pasting  is  a  dirty  operation,  and  the  occasion  of  many  defects,  some  of  which 
are  fatal  to  the  degrees  of  perfection  and  nicety  required  in  a  good  drawing 
board.  Another  great  defect  is,  that  the  far  greater  part  of  the  drawing  and 
writin?  papers  now  in  use  in  this  country,  are  of  a  hollow  or  spons^y  texture ; 
this  arises  from  tlieir  being  made  of  an  indiscriminate  mixture  of  linen  and 
cotton,  the  greater  elasticity  of  the  latter  preventing  its  fibres  from  closely 
uniting  with  those  of  the  wax;  the  consequence  is,  an  irregular  surface,  and  a 
porous,  spongy  substance,  very  different  from  that  which  an  adherence  to  the 
good  old-fashioned  practice,  of  usine  fine  linen  rags  only  in  the  manufacture  of 
•operior  papers,  would  produce.  The  lino-stereo  tablet  is  entirely  free  from 
these  objections  for  the  following  reasons : — first,  it  is  not  composed  of  several 
■beets  pasted  together,  but  is  moulded  from  the  pulp  of  any  required  thickneas, 
to  one  entire  mass ;  thus  the  risk  of  pasting  is  avoided,  and  no  s^aration  of  tho 
eooiponent  paru  can  possibly  take  place,  though  wetted  ever  so  often ;  secondly, 
Initead  of  being  composed  of  linen  and  cotton,  it  is  wholly  and  solely  mann- 
faetond  firom  the  best  and  purest  white  linen  rags,  most  carefully  selected,  and* 
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ronscqiiently,  vilbout  Llie  aid  of  clilorlde  of  time,  or  any  bleichmg  pnng 

JJu  proeeu. — In  «elMting  the  raw  malBiials  for  the  tDsenfncturc  of  A* 
lino-laMetB.  great  care  is  lakea  lii  preafn'c  llie  best  and  purest  while  linen  ngl 
only,  rejecting  all  inuslinn,  ciilicoes,  and  every  other  article  inndi!  of  cotUD 
The  linen  rags  are  then  carefully  sorted,  overloDked  and  cleaned,  washed,  and 
beutrn  into  pulp,  in  llie  usual  manner  practised  by  paper- makers  of  (b(  fint 
clnsB.  I'lie  pulp  being  ready,  ond  diluted  in  tlie  vat  with  the  proper  proporlion 
of  pure  water,  the  workman,  dippinc;  his  mould  Urst  into  the  vat,  lakei  it  Dp 
lilled  with  pulp  to  llie  top  of  the  deckle,  and  hniding  it  borixoii tally,  and  geUij 
■hakiniiit,  cau»eiitlie  water  to  subside.  leaving  the  pulp  veiy  evenly  set  npoDlh> 
face  of  the  mould  ;  having  rested  it  far  a  moment  or  two  upon  the  bridge  of  dM 
vat,  the  compresaer,  with  ila  face  downwards,  is  now  carefully  laid  upon  the  ibect 
or  tabtel,  and  both  together  placed  in  tiie  small  press  close  at  hand,  where  it  il 
lubmitled  tu  a  very  gentle  presanre,  iii  order  to  exclude  a  great  propoiuaa  ol 
the  water  remaining  in  the  sheet  i  it  is  then  witbdmwu  i  the  compresser  and  A* 
deckle  are  then  both  taken  off,  and  another  workman  couches  it  by  very  itf 
terously  turning  the  mould  upside  down,  and  pressing  it  pretty  hard  with  bit 
hands  on  one  uf  the  fine  frits  previouslr  laid  upon  a  very  level  pressing  pbnk 
by  which  means  the  Ublet  is  left  on  the  felt.  The  mould  is  then  relumed  U 
the  vaC-mEin,  wlio  repeats  the  proceis  as  before:  the  coucher,  in  the  mean  tieok 
lays  another  fell  upon  the  sheet  or  tablet  juiit  couched,  whereon  the  ttMM 
■beet  is  to  be  laid  in  the  same  manner,  and  so  on  until  all  the  fells  are  ocw 
pied  ;  over  which  another  level  plunk  is  placed,  and  the  whole  drawn  away  M 
a  small  rail-ruad  waggon  lo  the  great  press,  where  it  undergoes  a  pretty  tenn 
pressure. 

^'he  tablet)  will  now  be  found  to  have  Euilieleut  adhesion  lo  bear  handlia^ 
with  care,  and  are  separated  from  the  felts,  and  placed  one  upon  another,  so  M 
to  form  the  packs  ;  these  packs  are  to  be  submitted  again  to  the  action  of  ibe 
press,  imlil  more  waler  is  expelled  ;  then  are  parted  sheet  by  sheet,  pressed  and 
parted  again  ;  and  tliis  is  repeated  as  often  as  is  necessary,  taking  cats  to 
increase  the  pressure  every  operation,  until  the  face  of  the  lablels  is  suflicieatlf 
jmooth ;  they  are  then  careliiUy  dried,  sized,  picked,  eorted,  &c. ;  carried  te 
Oie  rolling  mill,  and  several  times  passtd  betuetn  the  polished  cylinders,  to  gin 
^em  the  last  finish. 

The  above  is  the  process  for  the  plain  or  while  tablets.  In  makbg  ibt 
tinted  tablets,  the  followingadditiunalpDrticulHrsare  to  healtcudcd  to.  Thengi 
are  cleansed,  washed,  and  beaten  into  half  Bluff,  in  the  usual  way;  the  wiW 
being  drained  vff,  the  pulp  is  put  into  a  vat  with  a  solution  in  water  nf  irtrMli 
of  alumiue,  or  sulphate  of  iron,  as  a  mordant  or  ground  to  fix  the  colour  jntfiwlri 
to  be  made ;  the  whole  ii  well  incorporated,  and  sulfered  to  remain  for  half  n 
hour  or  more,  when  the  colouring  tincture,  previously  prepared,  is  added;  ate 
which,  the  whole  being  rettu^ed  lo  the  engines,  is  beaten  into  6ne  pulp,  nd 
then  wrought  into  line  tablets.  The  dyeing  msleriols  chiefly  made  use  of  ^ 
Mr.  Stearl,  are,  mangrove  baik,quercilton  bark,  best  blue  Aleppo  galU,  lutphlU 
of  iron,  and  acetate  of  alumine,  A  dun  contbiiiation  of  these  matertali pro- 
duce a  great  variety  of  drabs,  greys,  sand-colours,  &c 

An  apparntuE  and  process  for  sizing  paper  in  a  more  effectual  manner  An 
it  had  previously  been  done,  was  recently  patented  by  Mr,  Towgood,  of  SUt' 
ford,  in  conjunction  with  Mr.  L.  Smith,  of  Paternoster-row,  Londoo.  TUi 
Invention  consists  in  the  application  of  ;}reuure  along  with  the  site;  wbidl  II  ' 
iifiected  bv  depositing  on  tlie  surface  of  a  pair  of  pressure  rollers,  or  on  oH  |f 
them,  if  tne  paper  be  required  lo  be  sized  only  on  one  side,  a  thin  uniform  Bn 
of  size,  which  is  pressed  into  the  paper  as  it  passes  between  llie  rollera.  An 
endless  felt  ia  sometimes  made  lo  pass  over  eacli  of  the  rollers,  and  in  that  W 
the  size  will  be  forced  through  the  felt  lo  the  paper.  Tliis  sizing  Bpnuitu 
may  be  applied  either  separately,  or  in  comhinaiion  with  a  paper  machine  rf 
anv  constniction ;  but  the  fonn  and  arrangeincnl  of  the  difterent  applicatiHW 
wilt  necetsarily  vary  with  the  farm  of  ihe  niuchinery  lo  which  it  u  applied 
The  form  repreicnted  m  the  following  diagram  will  be  sufBcienlly  explannMf- 
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portea  aad  guided  b;  a  leriet  cS 
Irictioa  roBen  ete  and  ///;  ff  is 
•  mudl  trough  wich  a  perfbraied 
bonmn  for  nippljiog  the  surface  on 
tits  sudkce  of  Lbe  pcmure  rolUr 
•;  Bud  &  u  a  sitaiki  b-cmgb  fur 
Npplyiiig  size  to  the  roller  i,  which 
tnmfers  ita  suppi)'  to  the  other 
pMnue  roller  S;  aadjj  are  two 
•enpen  for  keeping  clean  the  nu^ 
licca  of  the  pressure  rollers. 

The  cutting  of  paper  into  sheets 
rf  an/  required  dim — ■ 


mada  paper  is  of  considerable  grpater 
width  than  b  required,  it  becomes 
tieovsMry  to  cut  it  lengthwise.  The  following  is  the  patented  method  adopted 
fa;  Sdr.  Crompton,  of  Tamwarth,  in  LoDCOshire,  and  Mr.  Taylor,  of  Marsden, 
in  Torkshiie,  accordiag  to  their  enrolled  specifica^on,  dated  1S2S.  Fig.  1  is  a 
Mde  elevation  of  the  machine;  Fu/.  2  a  plan  of  the  cutters,  a  a  the  roller 
upon  which  the  piper  (either  ia  the  maiit  state  in  which  it  ia  delivered  from 
tac  felti  when  freshtj  made,  or  when  dry,]  is  rolled  ;  b  b  and  c  c  are  1*0  pairs 
<(  dnwing  rollers,  which  conduct  the  paper  first  between  the  circular  outten 


«»,  Mid  thence  on  to  the  rolle*  d,  where  it  is  wound  in  its  divided  stole.  The 
^aft  itpai  which  tbo  upper  cutter  is  fiied,  ia  driven  by  any  prime  mover ;  and 
by  ucana  of  endlea*  bands  ajid  puUeys  it  imparts  motion  to  the  upper  drawing 
Ml«n  b  and  e ;  these  two  upper  roUera  turn  the  two  lower,  by  means  of  eog- 
wiieds  at  the  other  extremities  of  their  axes,  which  gear  into  each  other ;  the 
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upper  culler  liai  in  like  manner  a  toothed  wheel  upon  iti  axis,  whi 
another  toothed  wheel  upon  the  axa  of  the  lower;  none  of  [hew  t 
wheela  are  brought  into  view  in  the  drawing,  to  prevent  confuiion.  Bj  tlw 
revolutions  of  tlieae  parts  of  the  apparatus,  the  paper,  represented  by  a  line  gg, 
n  drawn  from  a  between  the  rollers  b,  u  severed  at  e,  and  thence  is  carrifd  ij 
the  rollers  e  on  to  d,  hj  meitns  of  an  endless  band  from  the  Utter,  a*  ihovo. 
In  order  to  accommodate  thii  movement  to  the  increasing  circumference  of  ihe 
roller  d,  occuioned  by  the  paper  accumulating  upon  it,  the  hand  pulley  tta  i 
is  a  friction  roller,  which  is  set  so  as  to  allow  of  lU  slipping  a  little  in  it*  i«n>-  . 
lutions.  It  should  also  he  noticed,  that  the  axis  of  the  lower  cutter  is  not  qaJEs 
parallel  to  the  axis  of  the  upper  one,  by  which  means  the  edges  of  the  contn  ' 
facine  the  rollers  a  arc  brought  into  contact,  whilst  the  oilier  edges  dtrn^ 
which  causes  the  paper  to  be  more  freely  delivered  from  the  cutters.  Tbegiest 
rapidity  of  this  process  of  cutting  it  evident. 

Another  method  of  cutting  [ 
Newman  Fonidrinier,  paper  n  , 
of  a  series  of  receiving  rollers  placed  one  over  the  other.  The  several  trebirf 
paper  to  be  cut  pass  over  these,  are  then  brought  together,  and  passed  overlbi 
coUecling  roller  equally  distant  from  the  others;  and  theucc,  by  the  md  of  n  i 
endless  ^It  or  blanket  which  pnsaes  about  a  series  of  euidc  rollers,  tbej 
conveyed  under  the  main  cylinder  of  tliQ  machine,  and  delivered  to  the  «r 
at  the  opposite  side  to  which  they  entered.  The  cutter  consists  of  a  macfahi 
which  acts  on  the  principle  of  shears ;  the  lower  blitde  being  fixed,  and  the  nppst 
attached  to  an  arm  which  vibrates  upon  a  centre,  and  placed  to  meet  the  Wf- 
tianary  blade  at  an  appropriate  angle,  so  us  to  produce  the  best  clipping  aclian, 
When  a  sufficient  quantity  of  the  paper  has  passed  over  the  loner  bllde  M 
constitute  the  length  of  a  sheet,  the  upper  blade  begins  to  descend;  bU[)Mr 
viously  to  the  blades  coming  into  contact,  a  holder,  consisting  of  ■  bar  ejtteilA- 
ing  the  whole  wilth  of  the  paper  connected  with  the  same  vihraluig  ann,  k 
made  to  press  down  and  hold  the  paper  linn  on  the  lower  blade,  while  ikt 
cutting  is  performed.  During  the  operation  of  cutting,  tbe  main  cylinder,  ■ 
well  as  the  guide  rollers,  remain  statioiiary,  while  an  actuating  Ti>d  retnnHl* 
bring  another  length  of  paper.  This  vibtvting  rod  give*  motion  to  a  sMUr, 
which  has  on  its  upper  side  ratchad  teeth,  that  are  acted  upon  by  the  r«d  Hit 
moves  in  the  direction  from  right  to  leli.  hut  uhich  remain  stiitionsry  wbtl) 
the  rod  moves  in  the  conlrsry  direction.  The  sizes  of  the  slieets  cut  bytl^ 
machine  are  regulated  by  an  expanding  crauk,  which  gives  motion  to  tilt 
actuating  rod,  and  through  that  means  to  the  main  cylinder,  and  other  psiuV 
the  apparatus. 

A  great  many  materials  u  substitutes  for  rags  in  the  manufaclupe  of  Vf 
have  been  at  difl'ereut  times  proposed ;  the  bark  of  the  willow,  heecli,  hawtUl*! 
andUnie,  the  stalksof  ihenetlle  and  thistle,  the  bine  of  bops,  indeed  almosttrnj 
vegetable  substance  capable  of  yielding  easily  an  abundance  of  atroug  fibre,  III'* 
hern  suggested,  and  e>ci;llent  paper  has  been  made  from  some  of  them;  W 
the  intromietiuii  of  the  bleaching  process,  and  the  improvements  mads  hi  tW 
mechanism  for  forming  the  pulp,  having  enabled  ibe  coarsest  linen  and  CDtM 
fabrics  to  he  brought  into  use,  the  supply  of  rags  is  at  present  found  ei^  >* 
the  demand  for  paper,  Imiiiensc  us  thut  is.  The  rapidly  increasing  knowMc 
of  the  people  in  most  parts  of  the  world  will  probably  create  an  increased  im^ 
for  hooka,  and  the  stock  of  rags  may  again  become  inadeqtuite  to  suppijlls 
paper  manufacturer,  who  must  again  liave  recourse  to  other  materials ;  vaff 
pose  therefore  to  describe  three  patented  processes  for  this  purpose;  MBllfi 
one  for  making  it  oi  tlrau),  another  for  tbe  employment  of  na«f,  and  a  tUtite 
the  use  of  lolM  aood. 

Mr.  Lambert's  process  for  making  paper  of  straw  is  as  follows: — Hannl 
collected  a  quantity  of  siraw,  all  the  joints  or  knots  arc  to  be  cut  away,  sal 
the  remainder  boiled  with  quicklime  b  water,  for  separating  the  fibm,  u^ 
extracting  tlie  mucilage  and  colouring  matters.  (Instead  of  quicklime  in  lUl 
part  of  the  process,  caustic,  potash,  soda,  or  ammonia,  may  be  employed.)  It 
II  then  to  be  washed  in  clear  water  to  get  rid  of  the  colouring  matter  and  UM 
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tal  tflerwardi  tnbjecteil  to  ihe  nctioa  of  an  hydro- aulphitret.  compaipd  of  onB 
pound  of  quicklime,  and  a  qiucttr  of  a  pound  of  lulphur  lo  every  galton  of 
vUer,  for  Ae  more  effectual  remaving  of  the  mucila^innu)  and  rilidoas  mstten. 
Aller  ibis,  the  material  i*  to  undergo  several  successiro  waihings  in  different 
*Bler»,  lo  get  rid  of  the  alkaline  and  other  extraneous  matten.  which  may  b« 
caDTenienlly  effected  by  beating  in  the  OTdiriary  papsc-iniil.  When  no  smell 
cf  sulphur  is  left,  the  vater  Is  to  be  squeezed  from  the  tibrous  nuterial  by 
■nechanicsl  pressure,  and  then  to  be  bleached  by  cblonne,  by  exposure  on  > 
ET>s*-pbt,  or  any  olher  cauvenient  and  well-known  means ;  it  ii  then  to  be 
vsshed  again,  to  get  rid  of  the  bleaching  iu^edienta,  neit  (o  be  reduced  to 
pulp  by  the  common  apparatus  for  the  purpose  in  a  paper  mill,  and  (hen 
Bdulded  into  sheets.  The  subsequent  operations  are,  in  other  respecls,  lirailar 
lo  paper  made  Irom  the  usual  subsuncen. 

Sfou  Paper. — Mr.  Nesbit,  of  Upper  ThameS'Streot,  had  a  patent  in  1S23 
tbr  the  fabrication  of  a  coarse  kind  uf  paper,  especially  applicable  to  the  ■heath' 
b'  of  ships,  in  the  manner  that  the  tarred  brown  paper  is  usually  applied.  Tba 
miterial  is  a  peculiarly  soft  kind  of  moss,  which  grows  abundantly  in  the  ditcliet 
tnd  low  grounds  of  liolland.  In  that  country,  and  in  sefcral  of  the  northern 
HatH  of  Germany,  paper  made  from  this  material  is  empluyed  as  a  coverinF  to 
the  bottoms  of  ships,  between  the  wood  and  copper  ebeathing,  and  is  found  to 
be  peculiarly  serriceahle  in  preventing  leaks;  owing  to  its  aluorbent  quality  it 
nrells  up,  making  a  close  and  lirm  packing  under  the  copper.  The  manufac- 
ture of  paper  from  this  substance  is  exceedingly  aiinptc.  The  moss  is  Sist  to 
hare  (he  lulhering  earth  washed  from  it,  then  to  be  chopped  in  short  pieces 
(about  hidf  an  inch  tang)  in  a  similar  machine  to  a  tobacco  cutting-mill ;  after 
this  it  is  to  be  soaked  for  several  hours  in  water,  then  farmed  into  sheets  in  the 
ordinary  way  between  moulds,  placing  each  sheet  between  woollen  cloths;  in 
this  state  they  are  to  be  subjected  lo  mechanical  pressure,  atterwards  Ihoniughly 
dried,  and  lastly,  pressed  again  between  sheets  of  hrowu  paper,  (placed  EJtci~ 
nately,)  when  the  manufacture  is  completed. 

Paper  from  Wood. — This  process  is  iKe  subject  of  a  patent  lately  granted  in 
the  United  Smtes.  The  ali.i.i:.- ■■:  !■  ■  I  ....  n.beboiled  in  water,  with  from  12 
to  IS  purls,  by  weighl,  ...  ■     ,    .  '.  Ji  reduces  the  wood  lo  a  mosB  of 

fibres,  adapted  for  conversion  into  paper  by  the  ordinary  means.     One  hundred 
ponnds  of  wood,  the  patentees  state,  will  mahe  from  five  to  seven  rearns  of  paper. 
Ivory  Paper  is  described  under  the  word  Ivobt.   Paper  hangings  being  mads 
bf  ordmar^r  paper,  subsequently  stained  or  printed,  are  noticed  under  the  head 

PAPIER-MACHE.    A  name  given  by  the  French  to  an  artificial  substance. 

Spiled  to  many  useful  and  elegant  purposes.  It  is  made  of  the  waste  cuttings 
paper,  boiled  in  water,  and  beaten  to  a  pulp  iu  a  mortar.  It  is  afterwardi 
niied  with  size  to  give  tenacity  to  the  paste,  and  when  brought  to  the  proper 
consistency  it  is  pressed  iu  moulds  of  an  infinite  variety  of  forms;  and  thus 
made  into  tea-boards,  trays,  snuQ'-boies,  dec,  which  are  ailerwards  coated  with 
pigments,  varnished  and  ornamented. 

PABAGRANDINE.  A  new  invention,  the  object  of  which  is  to  avert  bail- 
tforms,  acting  in  the  same  manner  as  the  electric  conductors  for  obvialin(> 
danger  from  lightning.  In  this  climate  the  hail  is  seldom  so  violent  as  to  occasion 
any  very  serious  losses ;  but  iu  many  parts  of  the  contineut  it  is  dreaded  as  (he 
moat  destructive  enemy  of  the  husbandman,  and  has  given  rise  to  the  establish- 
ment ofinsurance  companies,  to  compensate  the  sufferers.  The  inventor  of  the 
paragrandine  is  a  Signer  Apostolla.  One  of  the  latest  accounts  of  its  beneficial 
effects  was  published  by  Antonio  Perotd,  who  states,  that  having,  on  a  piece  of 
land  belonging  to  himself,  containing  16,000  perches  in  extent,  fixed  up  several  of' 
tbe  paragiandines,  he  had  the  satis^tion  to  find  that  no  injury  was  done  by  hail 
to  the  com,  and  very  little  to  the  vines,  although  no  less  than  fourteen  storms  had 
occurred  in  the  current  year,  five  of  which  appeared  to  threaten  great  mischief 
to  his  field*,  but  paued  over  them,  and  fell  on  the  neighbouring  lands.    These 

' — ' *i  aw  composed  of  (netaUic  points  and  straw  ropes,  bound  together 

flauu  thread*.     Dr.  Astolli  relates  that  in  a  hail-storm  tb* 


sw 
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clouds  were  lein  to  diipene  on  passing  over  lands  protected  b;  paragratidiBe*. 
A  noIicK  (oDtAined  in  an  official  report  to  the  Milan  BoTemmtnt  b;  the  Gon- 
faloniere  of  St.  Pietro,  in  Casalc,  also  itates,  that  dunog  a  itormy  day,  when 
there  were  many  claps  of  thunder  and  flashes  of  lightning,  he  went  out  to 
ohierve  the  efieeti  of  the  paragrandine,  and  noticed  that  the  electiio  Suld  »m 
attracted  bj  the  points  of  straw  in  the  apparatlu.  around  which  the  flame 
played  in  graceful  currcs ;  while  in  the  odjoinisg  field,  not  protected  by  lbs 
paragraDdiQe,  much  rain  fell,  and  the  lightning  did  considerable  miichiet 
We  nave  thought  it  proper  to  introduce  this  Qotice  of  a  foreign  inveDtian,  aa 
it  appears  to  be  capable  of  beneficial  application  in  this  country  in  the  pToteo- 
tion  of  agricultural  produce  collected  in  itack-yards. 

PARALLEL  MOTION.  A  term  applied  by  practical  macbinisH  to  an 
arrangement  of  Mroliel  bars,  by  which  tbe  allcrnatiog  rectilinear  motion  of  a 
piilon  rod  is  made  to  wort  harmoniously  with  the  attemaling  curvilinear  motion 
of  a  rocking  beam.  Ai  tbe  beam  of  all  en^es  vibrates  upon  a  centre,  of  couna 
it  perfotms  portions  of  a  circle  with  each  of  its  cxtremitiea ;  and  as  the  rod  of  a 
piston  is  required  to  move  up  and  down  in  a  itraight  line,  it  cannot  be  imme- 
diately attached  to  the  end  of  the  beam  ;  hence  tbe  neceaiity  of  the  inlerrening 
mechanism  called  the  parallel  motion.  There  are  many  method*  of  effecting 
this  tnotion  in  general  use ;  and  ingenuity  may  devise  many  more  of  equal  ot 
superior  merit.  In  single  engines  of  the  old  construclian,  where  the  action  wu 
apuli  at  both  ends  of  the  beam  (at  the  one  end  by  the  we'clit  of  tbe  lump  rod, 
and,  at  the  other,  by  the  downstroke  of  the  piston),  a  chi  s  was  o^  ed  to  the 
upper  put  of  the  curved  ends  of  the  beam,  and  to  (he  pt,jnp  and  pi  ton  rods, 
which  answered  the  purpose  very  well,  and  is  still  much  used  fur  aunilar  pur- 
poses;  but  in  double  acting  cnf^ines,  where  the  piston  rod  puthet  upward,  ai 
well  aspiiUj  downward,  some  other  mode  of  action  is  required.  The  first  plan 
employed  by  Bolton  and  Watt  was  to  place  a  touthed  sector  on  the  end  of  the 
beam,  the  length  of  the  radius  being  equal  to  the  distance  between  the  axis  of 
the  beam,  and  a  vertical  line  passing  through  the  centre  of  the  piston  rod;  and 
on  the  upper  part  of  the  piston  rod  waa  placed  a  rack,  which  acted  upon  tbe 
■ector,  and  forming  a  tangent  to  it,  preserved  the  rectilinear  motion  of  the 
piston  rod  throughout  the  stroke.  A  much  superior  method  of  effecting  thia 
waa  afterwarda  devised,  to  which  the  name  of  parallel  motion  more  justly 
belongs ;  it  consisted  of  an  arrangement  of  parallel  rods  moving  on  circulai 
Hces,  the  principle  of  which  may  oe  thus  bnefly  explained: — If  a  bar  be  ao 
confined  bj  other  bora  that  the  motion  of  the  end  a,  in  a  right  line,  cauaei  IIm 


otW  end  I  to  docribe  a  certain  curre,  H  follows,  on  the  other  hand,  tne  mm 
of  (  in  the  curve  will  cause  a  to  dttscribe  ■  right  lire.  To  apply  this  tit  llic  o 
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befoK  OS,  let  a  6  c  repreienl  the  beam  of  an  engine  al  the  highat  point  of  Iba 
Mnlu  1  a  ^  its  posidoD  at  (be  middle  of  the  itroke ;  and  af  itt  lowert  pnitioa : 
c^ud  i*  Bre  two  »ide  rods,  luspeuding  the  bar 3  A,  parallel  to  a  6  e ;  git  t 
ligbt  line,  in  which  the  bar  g  moves  in  a  grooye ;  Ihen,  when  the  end  of  the 
bum  c  ii  Bl  [J,  the  end  ji  of  the  bar g  A  yil[\  1^  at  jt;  and  a&ph  is  parallel  toaJ, 
the  Mher  end  A  of  the  bar^A  will  be  at  in ;  and  when  c  omvei  at  /,  g  will  b« 
U  i,  and  A  St  n;  the  point  A,  therefore,  will  have  described  a  curve,  in  s  right 
line,  ]uned  through  thepoiotsy'  ,;  if,  tbetefore,  the  groove  in  which  the  head 
of  the  piston  rod  moved  be  uken  awaj,  and  the  end  A  of  the  bar  j  A  be 
icDiited  to  a  radius  bar,  deicribing  a  circular  arc  pasiittg  through  the  point! 
*■  M,  then  the  end  g.  of  gh,  to  which  the  piston  rod  is  attached,  will  move 
thnugh  thepoioti^i^  and  the  whole  path  of  the  piston  rod  will  differ  very 
tttie  (roni  «  right  line.  The  small  deviation  from  a  right  line  arise*  from  ths 
ciminutance,  that  the  curve  described  W  the  end  A  is  not  exactly  a  circnlar  arc 
when  ^  move*  in  a  strictly  right  line.  To  find  the  length  and  centre  of  motion 
if  the  radius  bar  with  any  distance  in  the  compasses,  and  on  the  points  bm», 
wenbe  arcj  interaecting  each  other ;  and  through  the  points  of  iatersectioii 
draw  lines  cutting  fa  0 ;  then  0  n  will  be  the  length  of  the  radius  bar,  and  o  ita 
cafttreof  n--'  - 


•gf'/ve  Mlallel  moifon  in  general  uaa  in  iteam-bo*ts  is  represented  in  the  fore- 
gj^^^  dWtam.  The  length  of  the  radiu*  bar  and  the  centre  of  motion  may 
(^^4y  be  found,  ai  fa  the  former  caw,  by  Mppodnx  the  piston  rod  to  move  in 
ffc.^<|{ht  line,  and  findfag  three  points,  thnnigh  which  a  pomt  in  the  side  rod 
(jT^^mmed  at  pleasure)  would  pan  in  the  highest  lowetf,  and  middle  position  of 
•- V  Diaton  rod ;  then  a  circle,  which  passe*  through  the**  points,  will  give  tb* 


«*iid. 


with  the  radius  bar.    a  be,  part  ot  the  beam ;  e  g  and 
^^^  _  ue  point  of  jundioo  of  the  piston  to  theude  rod  eg;  and  mo 

^**  radius  bar. 

V  !■  portable  engines  withont  a  beam,  the  cross  on  the  head  of  the  piston  rod 
^■ta  nioally  on  it*  ends  fiiction  wheels  running  between  guide* ;  but  we  prefer 
^tc  parallel  motioa  introduced  in  Lloyd's  portable  engine,  described  hereafter, 
^  it  aflbfds  a  convenient  method  of  working  the  air  pump  and  cold  water 
temp.  The  principle  of  the  parelld  motion  m  this  engine  will  be  understood 
by  irimnce  to  the  foUowfag  djagram.  ii£c  represent  abar  corresponding  to 
•Hlf  the  beam  of  an  engine,  ei/the  path  of  the  piston  rod,  and  bh  the 
fadhii  rod ;  now  the  radius  rod,  and  the  two  portions  of  the  beam  a  b,  and  b  e 
bong  re^ectively  e^oal,  if  a  move  fa  a  right  Line  towards  g,  c  will  more  in  the 
Ub*  ci^^and  if  a  be  connected  to  s  rockfag  bar  ae,  which,  from  its  length,  or 
re  j  o,  differing  bat  littl*  iivm  •  right 
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line ;  and  a  side  bar  or  strap  b  h,  and  the  parallel  bar  'h  e  being  added,  the 
centre  of  6  A  will  be  the  point  of  suspension  for  the  rod  of  the  air  pump,  and 
the  rod  of  the  cold  water  pump  may  be  suspended  from  the  parallel  bar  h  e. 


1. 


(C 


PARALLELOGRAM  OF  FORCES.  A  term  used  to  denote  the  com- 
position of  forces,  or  the  finding  of  a  single  force  that  shall  be  equivalent  to 
two  or  more  given  forces  when  acting  in  given  directions. 

PARALLEL  RULER.  An  instrument  for  drawing  lines  parallel  to  each 
other.  The  simplest  parallel  ruler  is  the  common  cylindrical  ruler  of  the 
counting-house,  represented  at  Fig.  1 ;  it  serves 
very  well  for  common  purposes,  where  great 
exactness  is  not  reqmred.  Fig,  2  is  the 
common  parallel  ruler,  consisting  of  two  flat 
rulers  connected  together  by  two  small  brass 
levers  jointed  at  their  extremities ;  the  mode 
of  using  this  instrument  is  too  obvious  and  too 
well  known  to  need  explanation.  An  objection 
to  the  latter,  of  the  bar  moving  circularly 
sideways,  is  obviated  in  the  instrument  repre- 
sented at  Fig,  3;  the  ban  in  these  being 
crossed  and  connected  at  the  point  of  inter- 
section by  a  joint,  and  two  of  the  ends  sliding 
in  grooves,  as  seen  at  h  b,  causes  the  rulers  to 
move  uniformly  straight,  or  at  right  angles 
with  their  length,  ^g.  4  exhibits  another 
arrangement  in  use,  whereby  a  similar  recti- 
linear motion  is  produced  by  two  pair  of  short 
bars,  connected  to  an  intermediate  slip  c, 
which,  when  the  ruler  is  closed  up,  exactly 
fill  up  the  cavity  between  the  pieces  on  either 
side.  i^.  5  represents  another  parallel  ruler 
of  great  convenience  and  utility.  It  is 
usudly  made  of  black  ebony,  with  slips  of 

ivory  at  the  edges,  divided  into  inches  and  parts ;  a  hole  is  cut  through  the  ruler 
at  e  e,  in  which  revolve  two  little  brass  wheels,  projecting  about  an  eighth  of  an 
inch  from  the  imder  surface,  and  upon  which  the  ruler  is  rolled,  steadily  held  in 
the  middle  by  the  left  hand,  whilst  the  draughtsman  draws  the  lines  with  his  right. 
The  brass  wheels  are  fixed  to  a  steel  spindle,  which  turns  in  brass  bearinss  at 
its  extremities ;  between  each  bearing  and  brass  wheel  there  is  a  little  ivory 
cylinder,  divided  into  equal  parts,  which  revolves  with  the  latter,  and  shows 
precisely  the  quantity  of  motion  in  the  ruler,  and  thus  enables  the  draughtsman 
to  draw  his  lines  at  equal  or  any  desired  var}'ing  distances  apart.  The  steel 
spindles  in  the  more  recently  constructed  rulers  are  cased  over  with  ebony, 
which  renders  them  more  convenient  as  well  as  more  durable. 

PARBUCKLE.    A  term  given  to  a  contrivance  whereby  a  cask,  &c  it 


PARTING.  sat 

ir  lov«red  without  a  crane  oi  pulley  tackla ;  it  u  Tonned  t^  pauing  llw 
middle  of  a  rope  round  a  post  or  ring,  or  under  a  boat'a  Ihvarl ;  the  two  ]iuU 
□r  the  rope  ire  tlien  paiaed  under  tlic  ttro  quailen  of  the  cuk,  bringing  tlw 
tvo  endi  back  again  orrr  it,  vhich,  being  both  hauled  or  ilackened  logetlwr, 
either  raiie  or  lower  the  barrel,  Stc,  as  laay  be  required. 

P.^RCHMENT.  A  duxable  material,  prepared  from  (he  akiua  of  iheep  ani 
goats,  but  chiefly  the  former,  and  employed  for  writing  upon,  tlie  caTcn  of 
book*,  and  various  otherpurpoiei.  The  ikin  u  stripped  of  iu  wool,  and  paMed 
th/DUgb  Ihe  lime-pit.  The  ikinner  then  stretcliea  it  on  a  frame,  perforaled  loo- 
gitndinall;  with  holea  furnished  wilh  wooden  pins,  tiiat  may  be  turned  at  ple*- 
nire,  like  thoie  of  a  violin,  to  itretch  the  ikin  like  a  dnun-beBd.  The  skin  Ming 
thus  nifficiently  itretcheii  on  the  frame,  the  flesh  is  pared  olf  with  a  sharp  iuilnt- 
menl ;  it  a  theu  moistened  with  a  rag.  and  white  cbalk,  redueed  to  a  fine  duft, 
flrewed  over  Jl ;  then,  with  a  large  pumice-stone,  the  workman  rubs  over  tfaa 
■kin,  and  thus  scours  off  tlie  remains  of  the  Sesh.  They  then  go  over  it  again 
■itb  aa  iron  instniment,  moisten  it  as  before,  and  rub  underneath  wilh  pomice- 
itone .   williout  any  chalk ;  this  smooths  and  soflcns  the  flesh  side  very  c«tt- 

befurc.  ■  'rhe   ileali  T  '       '      ^  ' 


■tretdi  it  tight  on  the  frame  by  means  of  the  pins,  and  go  over  the  flesh  side 
aeain  with  the  irou ;  this  finishes  its  draining  :  the  more  the  akin  i*  drained  th* 
miter  it  become*.     Thev  now  throw  on  more  chalk,  sweeping  it  over  with  a 


piece  of  Iamb-skin  that  bM  the  wool  on ;  tbis  smooths  it  further.  When  dried 
It  ii  taken  off  the  frame  by  cutting  all  round.  The  skin  thus  far  prepared  by 
the  ekinner,  is  taken  by  the  parchment-maker,  who  firat  scrape*  or  pares  it  drj 
on  the  summer  (which  is  a  calf-ikin  stretched  in  a  frame)  with  an  iron  instru' 
ment  like  that  above  mentioned,  only  finer  and  sharper ;  with  this,  worked  with 
the  arm  from  the  top  to  the  bottom  of  the  skin,  he  takes  away  one-half  of  ila 
thkkneas;  «nd  the  ikin  thus  equally  pared  on  both  sides,  is  rubbed  with  the 
pumicfr-stone  to  smooth  it.  This  last  preparation  is  performed  on  a  bencb, 
covered  with  a  sack  ituSed  with  flocks,  and  it  leaves  the  parchment  fit  for 
writing  upon.  Vellum  mads  from  the  skin  of  sucking-calvei  possesses  a  finer 
grain  than  parchment,  but  prepared  in  the  same  manner  without  being  passed 
through  aluni  water. 

PARTING,  in  Metallurgy,  is  an  operation  by  which  gold  and  silver  are  tepa- 
rated  from  each  other.  In  tliis  sense  it  i>  the  same  with  letiaing  metals,  or  obtain- 
ing them  in  a  pure  state.  Gold  and  silver  are  called  perfect  melaJa,  because 
tbeyarc  capable  of  withstanding  the  acdon  of  very  strong  he bL  All  other  metals 
are  reduced  to  the  state  of  oxides  when  subject  to  fire  with  access  of  air.  Gold 
and  sQver  may,  therefore,  be  purified  from  baser  metals  by  keeping  them  melted 
till  the  alloy  be  destroyed;  but  this  process  is  tedious  and  expensive,  from  the 
great  consumption  of  fuel.  A  shorter  and  more  advantageous  method  of 
refining  gold  and  silver  has  been  discovered.  A  certain  quantity  of  lead  is  put 
into  the  crucible  wilh  the  alloy  of  gold  and  silver,  the  whole  is  exposed  to  the 
action  of  the  fire ;  and  the  lead  being  quickly  converted  by  heat  into  an  oxide, 
which  is  easily  melted  into  a  semi-vitiified  and  powerful  vitrifying  matter,  called 
litharge,  we  have  only  to  increase  the  proportion  of  imperfect  metals  ;  and,  by 
uniting  with  these  imperfect  metals,  it  communicate!  to  them  ita  property  of 
being  very  easily  oxidated.  By  its  vitrifying  and  fusing  property,  exercised 
wi^  force  upon  the  calcined  and  naturally  refractory  parts  of  the  other  metals, 
it  accelerates  the  fusion,  scorification,  and  separation  of  these  metals.  In  this 
operation  the  lead  is  scDrified,  and  scorifies  along  wilh  it  the  imperfect  metals. 
It  aeparates  from  the  metallic  mass,  floats  upon  the  lurface  of  the  melted  mass, 
and  becomes  vitrified ;  hut  as  the  litharge  would  soon  cover  the  melted  metal, 
and,  by  preventing  the  access  of  air,  prevent  tba  oxidation  of  the  remaining 
imperfect  metals,  such  vessels  are  employed  aa  are  capable  of  imbibing  and 
absorbing  in  their  pores  the  melted  litharge,  and  thua  removing  it  out  of  the 
way ;  or,  for  large  quantities,  vessels  are  so  constructed  that  the  fused  Ltfaarn, 
bcndei  being  soaked  in,  may  also  drain  off  through  a  cbamiel  made  in  uw 
comra  of  the  tbsmI.   Vessels  made  of  liaiviated  wood,  or  bone  uhes,  aro  moat 
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nroper forthli  poraote.  These  Teseels  are  caUed  cupebf  the  procesi  itself  ei«€f- 
Mmw.  The  cupels  are  flat  and  shallow.  The  ftirnace  shcndd  be  vaulted  &uu 
the  heat  may  be  rererberated  upon  the  mxrtace  of  the  metal  during  the  opera- 
tion.  A  crust  or  dark-coloured  pellicle  is  continually  forming  upon  the  surface* 
When  all  the  imperfect  metal  is  destroyed,  and  the  scorification  has  ceased,  the 
iuifBce  of  the  perfect  metal  is  aeen  clean  and  brilliant,  forming  a  kind  of  fiil- 
geration  called  lightning.    By  this  mark  the  metal  is  known  to  be  refined. 

PASTE.  Olitfs  prepared  in  imitatioQ  of  gems.  The  basis  of  all  artificial 
gems  is  a  very  hard  and  pure  silica,  obtained  by  melting  pounded  quartz  with 
an  alkali,  with  the  addition  of  borax,  nitre,  and  ^^erent  metallic  oxides,  accord- 
ing to  the  intended  colour  of  the  gem.  The  materials  should  be  of  the  purest 
kind,  finely  pulyeriied,  weU  sifted,  melted  in  crucibles  of  the  best  quality,  and 
the  fusion  should  be  continued  in  a  potter's  furnace  for  twenty-four  hours ;  the 
more  tranquil  and  continued  it  is,  the  denser  the  paste,  and  the  greater  its 
beauty,  xhe  following  are  the  ingredients,  with  their  proportions,  emplo}'ed  in 
the  formation  of  some  of  the  artificial  gems.  For  what  is  called  simply  paste 
or  stress,  there  are  four  difierent  mixtures. 


FASTIS. 

1. 

2. 

3. 

4. 

Rock  crystal    .    . 

.    .    -318 

•3170 

•300 

Minium 

.    .    -490 

•4855 

•565 

Pure  potash.    .    . 

.    .     •ITO 

•1770 

•105 

•054 

Borax.    •    .    •    • 

.    .    ^021 

•0200 

•030 

Oxide  of  arsenic  .    . 

.    .     •OOl 

.0005 

Lithaige 

•540 

Ceruse 

•406 

1000     roooo     1^000     i«ooo 


For  topax,  there  are  the  two  following  methods : — 

FIRST. 

Stress,  rwhite  paste).     ....  •95816 

Glass  or  antimony *04089 

Purple  of  cassius ^00095 

Oxide  of  iron 

100000 

For  nifty  stress. ^9755 

Oxide  of  manganese     .    .  •0245 

10000 


SECOND. 

•990 


•10 
1*000 


For  emeraH — 

Stress,  (white  paste) -98743  -9905 

Green  oxide  ot  copper  .    .    .    .    -01200 

Acetate  of  copper -0080 

Oxide  of  chromium '00057 

Peroxide  of  iron -0016 

I'OOOOO  1^0000 


For  MfftAire^— 

Very  white  stress. 9855 

Mdeof  eobah -0145 


1-0000 


PATENTS. 

Ar  mtttimtf  viest. 

mum -9870            J9979 

QsMa  of  niMiMMM     ....  '007S           iOOn 

OadcofflolMh -0050            HMOl 

ftuyie  <f  riMii •0002 

1-0000  1-0000 


-9926 

<21an  of  Mtiinonjr *0070 

Osi^  «f  eohdlt -OOOt 

1-0000 

StnM "OeSO 

C^Mt  of  antimony «8820 

Purple  of  Castim -0025 

Oxiae  of  manganese    ....  -0025 

1-0000 

PASTE.  A  mucflaginoos  preparation  of  wheaten  flour,  incorporated  with 
water  by  boiling.  Sometimes  powdered  resin  is  mixed  with  it;  also  gum  aimbii^ 
sixe,  &&,  accotding  to  the  peculiar  wants  of  the  artist  or  manufacturer.  Alum 
is  also  considered  to  increase  its  cementing  property. 

PASTEBOARD.  A  thick  kind  of  paper,  made  by  pasting  several  sheets 
together,  wbidi  are  afterwards  pressed  or  rolled,  to  give  the  £sbric  firmness  and 
evenncas  of  auffiioe. 

PASTIL.  A  dry  oomposition  of  odoriferous  resinons  matten^  oommooly 
employed  to  bum  in  diambers,  to  sweeten  the  air. 

PATENT,  or  Letters  Patent,  is  a  writ  or  grant  in  the  king's  name,  and  under 
the  great  sesJ,  designed  to  secure  to  the  proprietor  of  any  new  invention  tha 
monopoly  of  its  advantages  for  the  term  of  fourteen  years ;  but  this  term  is  some- 
times extended,  under  extraordinary  drcumstances,  by  act  of  Parliament,  to  a 
longer  period.  The  term  patent  is  also  applied  to  the  right  conveyed,  as  well  as  to 
the  mstrument  conveying  it  Monopolies,  unless  grant^  for  a  limited  period,  and 
with  the  view  to  the  ultimate  benefit  of  the  public.  During  the  reign  of  Elizabeth, 
many  unmeiited  monopolies  had  been  granted,  which  had  so  prejudicial  an  efi*ect 
upon  the  commeice  of  the  countiy,  that,  towards  the  end  of  that  monarch's  reign, 
the  damour  was  so  loud  and  general  as  to  induce  her  to  send  a  message  to  Par- 
liament, announcii^  her  intention  to  immediately  cancel  the  most  oppressive  of 
the  ezduttve  privileges  she  had  granted.  But  however  just  may  be  tne  feelings 
of  opposition  to  monopolies  in  general,  it  will  be  readily  allowed,  that  a  patent  £r 
a  new  invention,  for  a  few  years,  is  only  a  just  and  reasonable  compensation  to 
the  inventor,  who  is  thus  enabled  to  mature  his  discovery,  and  ffive  it  to  the 
public^  at  the  termination  of  his  monopoly,  in  a  perfect  or  highly  improved « 
atate.  And  were  it  not  for  the  exclusive  privilege  thus  granted  many  impor- 
tant inventions^  that  ultimately  prove  beneficial  to  the  public,  would  never  be 
persisted  in,  but  entirely  lau ;  as  that  powerful  incentive  would  have  no 
existence,  which  induces  mgenious  men  to  study  and  labour  incessantly,  and  to 
•xpend  large  sums  of  money  to  bring  their  inventions  into  practical  operation. 

The  basis  of  the  present  law  of  patents  is  derived  from  the  2i8t  of  James  I., 
ch.  3,  which  is  regarded  as  the  declaration  statute ;  and  the  sixth  section  of  this 
statute  states,  that  patento  for  new  inventions  are  exceptions  to  the  general  law 
of  the  statute.  The  general  law  is,  that  all  monopobes,  and  all  commissions, 
gianta,  licenses,  letters  patent,  &c  for  the  sole  buymg,  sellings  making,  using, 
&c  of  any  thing,  shall  be  void ;  the  excepting  clause  declares,  that  *<any  decU- 
ration  befinre  mentioned  shall  not  extend  to  any  letters  patent,  and  grants  of 
privilege,  for  the  term  of  fourteen  years  or  under,  hereafter  to  be  made,  of 
the  sole  working  and  mdung  of  any  manner  of  new  manufacture  within  this 
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realm,  to  Ihe  line  and  lint  inventor  or  inventors  of  »ucli  mimufacturES,  which 
uthers,  at  the  time  of  making  mcli  letters  patent  and  granti,  iholl  nut  use,  m 
as  bIio  they  be  not  contrary  la  law,  nor  mischicvaua  to  the  itale,  by  raising  iLe 
pricea  of  commndities  al  home,  or  hurt  of  trade,  or  generally  incan  von  lent." 

The  great  importance  of  the  lubjecl  of  patents  lo  ongineeni,  macliiniaU,  and 
manufacturer!  iti  general,  renders  it  desirable  to  extend  thli  article  to  an  account 
of  Lbe  proceaa  of  obtaining  a  patent ;  ajsotbe  nature  and  conditions  of  the  grant, 
and  lbe  expenaei  attending  it;  which  infarmation  the  miter  of  this  article  and 
compiler  oiT  the  work  is  enabled  to  afibrd  nith  perfect  accuracy,  he  being  pro- 
feuionally  a  patent  agent.  It  ii  by  no  means  necessary  that  the  applicant  for 
a  patent  should  employ  an  agent, — be  may  Mlicit  the  eronl  himself;  there  are, 
however,  but  few  persons  whose  experience  and  knowledge  of  the  mailer  luflt- 
ciently  qualifies  ihcm  to  transact  the  businesi  of  a  patent  with  security  to  their 

The  lirsl  thing  an  inventor  ahould  attend  to,  is  to  endeavour  to  ascerlain  if  he 
has  not  been  anticipated  by  others,  which  ii  not  an  un&equenl  oceurrvace, 
although  rarely  discovered  until  too  late  to  benefit  by  it;  owing,  perhaps,  to  the 
injudicious  flattery  of  friends,  or  the  iguorattce  of  legal  advisers  in  tnaKen  of 
invention  or  discovery.  Having  determined.the  invention  to  he  entirely  origi- 
nal, and  that  it  is  calculated  to  compensate  him  for  the  expenses  of  a  patent, 
the  inventor'a  firat  slep  to  obtain  one,  is  lo  make  an  affidavit  of  the  fact  of  his 
invention  before  a  Moaler  in  Chancery,  if  in  Li.ndon,  or  if  in  the  country,  before 
Master  Exlraordiniir}',  in  the  following  form ;  the  words  in  italics  being  aaaumed 
to  affbrd  precise  example*. 

(Fo,»0 
"Jo/iH  Smith,  of  liimiingkam,  »  the  coatily  of  ff'aiwici,  Iran  Faand^,  lat^tib 
oath,  and  saith,  Ihnt  be  halli  invented  '  curiam  imyroetd  formt  of  apparatui  for 
the  trantmltnoH  aitd  dalribulion  of  heal,  Ihc  gmrration  of  vapour;  and  other  pre- 
eeuet,'  which  he  believes  will  be  of  public  utility  ;  that  be  is  the  first  and  true 
inventor  thereof;  thai  the  aaid  invention  l*  entirely  new,  having  never  been 
practiied  noi  used  by  any  other  person  or  penons,  lo  the  best  of  his  knowledge 
■nd  belief.  (Signed)  "  Juun  Smith. 

■'  Sieom  at  At  PohUc  Offict  in  Soufhamplon 
BuMngi,  tiitBlkdat/tf  March,  1 834, 
brfore  me,  "  H.  Cross." 

Before,  however,  the  aJIadavit  is  made  or  acted  upon,  the  inventor  should 
well  consider  the  nature  and  words  of  ihc  title  or  designation  of  his  invention, 
for  many  patents  have  been  annulled  owing  to  the  improper  wording  of  the 
title.  'He  law  requires,  that  it  shall  form  a  true  index  lo  the  specification  ;  yet 
If  it  be  so  dear  as  to  call  the  attention  of  rivals,  and  enable  them  to  discover  the 
secret  of  (he  invention,  before  the  patent  bos  passed  the  great  seal,  the  patentee 
may  lose  Lis  privilege  as  well  at  his  money.  If,  on  Ihc  other  hand,  the  title  should 
be  so  obscure  as  to  incur  the  danger  of  a  court  of  jualire  afterwards  ruling  that  it 
is  an  imperfect  definition  of  the  invention,  he  will  also  forfeit  his  privilege.  Lord 
Coclirane  was  thus  most  arbitrarily  deprived  of  his  patent  right  for  the  admi- 
rable street  lamp  which  bears  his  name,  owing  to  hia  having  entitled  the  pMent 
an  "improved  method  of  lighting  citiej,  towns,  villages.'  Now  when  il  is 
considered  that  no  security  whatever  is  afforded  to  the  applicant  until  bis  nalent 
has  passed  the  great  seal,  and  that  he  is,  during  this  period,  by  too  explicit  • 
title,  liable  lo  be  robbed  of  his  right  by  imposlon,  the  harshness  and  injustice 
of  the  decision  just  mentioned  becomes  very  apparent.  Latterly,  however,  the 
judges  have  been  somewhat  more  lender  of  the  rights  of  patcnlees,  lo  which 
improved  conduct  Ihe  writer  perhaps  indirectly  contributed.  He  was  opposed, 
during  the  passing  of  a  patent  for  some  gentleman,  on  Ihe  ground  of  the  studied 
obscurity  of  the  title,  aud  he  was  required  lo  render  it  more  expticit ;  thus  bow- 
STer,  he  declined  doing,  as  a  compliance  would  be  equivalent,  in  effect,  to  K 
publicadou  of  the  ipecllicalion,  as  it  was  for  one  of  those  simple  discoveries  in 
which  a  word  niore  uf  explanallou  would  have  exposed  lbe  object  to  those  fr — 
whom  it  should  be  kepHecret.   ThwfacI  he  s&t*  '         '  '■    "'     "  " " 

OnienI,  who  sdmittrd  the  necessity  of  tbti  e 
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II  #wat  di»  Mme  tame  renectflilly  mtimated  Ut  the  Sdidfeor 
te  IT  iogr  addttiooal  inlbriiiatioii  m  the  title  wen  inmtted  upon,  the 
"  ti  dwiiaed  elmgither,  and  the  intended  mannfacftmre  be  remored 
hmm  mtKukj  agaimt  piracy  woold  be  affixded  at  the  inatant  of 
lt%i^f  #pelilinL  Ibe  caae  mentioned  ia,  howerer,  an  extreme  one,  and  of 
am  mf&mnmm  9  H  moat  caaoa  there  ia  no  difficully  whatever,  thoogh  prudence 
dkMafc  Ikst  avfaBjpatlaiit  a  alep  aa  the  proper  d^nition  of  an  inYention,  on 
viidi4»  pirtnl4%)il  i»iMiiided,  ahoold  be  wen  conadered. 

Uft  Madcap  ia  tD  dmw  vj^  a  petition  to  the  kinc,  which  oontaina  a  reiten« 
IMB  «f  Am  iilliaiilj  and  piajra  for  the  grant  of  £e  patent  "  fiir  the  term  of 
ftvlNa  ymng  awwidii^  to  the  atatote  in  that  caae  made  and  provided."  Here 
ItfcaMHMa  aaasMBijto  einlain  that  patentafinr  En^and,  Ireland,  and  Scotland, 
ammtiKdf  aapanite  and  wtinei  from  each  other;  and  that  when  it  ia  reaoired 
to  cutoad  tha  gnuit  to  Aa  Britiah  poaaeaaiona  abroad,  the  latter  are  inenided 
Aa  patoat  fcr  KaAnd,  at  the  additional  coat  of  aboat  five  pounda.  Su^ 
lia  MJiBation  ba  te  £n|^d  alone,  the  prayer  of  the  petition  la 
ftr  ^Eos^and,  Walaa^  and  the  town  of  Berwick-upon-Tweed;"  and 
dmld  tiie  Cokmiea  be  daaired  (which  is  rarely  adviaaUe),  it  is  only  necessary 
to  add  to  the  worda  just  onoCed,  **  and  all  jrour  MajesUr's  Colonies  and  Planta- 
tiona  abroad."  The  petition,  with  the  affidavit,  is  lodged  at  the  office  of  the 
Secietaiy  of  State  for  the  home  department,  for  the  king's  pleasure,  who  directs^ 
er  rather  is  preaomed  to  direct,  tne  Secretary  of  State  to  refer  the  matter  to 
the  Attorney  or  Solicitor  Oeneral  for  his  advice  diereon ;  the  petition  is,  accord- 
ing^, endorsed  with  such  reference,  and  signed  by  ihe  Secretary  of  State, 
and,  upon  the  pavment  of  the  fees,  deUvered  to  the  applicant,  who  uses  his 
duoetioQ  as  to  whether  he  had  best  take  it  to  the  Attorney  or  Sdicitor  General, 
being  guided  in  his  decision  by  the  probability  as  to  which  of  the  two  will 
a»e<site  the  business  with  the  least  delar,  and  in  the  manner  most  satisfactoiy 
to  the  applicant  Upon  receipt  of  the  kmg's  reference  at  either  of  the  before- 
aaentioned  legal  functionaries,  the  derk  examines  the  caveat  book,  to  ascertain 
whether  then  be  any  existing  caveats  against  the  granting  of  a  patent  for  a 
aimilar  object  to  that  expressed  in  the  applicant's  petition.  If  there  be  none, 
tibe  f^etk  takes  the  earbest  opportunity  of  drawing  out  the  report  in  the  usual 
Ibrm,  to  be  ready  for  the  examination  and  signature  of  his  prindpaL  The 
report  thus  completed,  is,  upon  payment  of  the  fees,  delivered  to  the  appli- 
cant, who  transmits  it  to  the  king,  through  the  medium  of  the  Secretory  of 
State's  office.  Before  attending  to  what  is  done  with  it  there,  it  is  proper  to 
notice  the  proceedings  that  would  be  taken  in  the  case  of  there  bemg  inter- 
fering caveats ; — and  we  may  observe,  by  the  way,  that  there  are  always 
numerous  caveats  against  such  inventions  being  patented  as  that  expressed  in 
the  example  of  the  affidavit  we  have  furnished,  under  these  circumstances,  the 
Attorney  General's  clerk  (whose  office,  we  will  suppose,  we  have  entered  by 
preference,)  writes  a  drculkr  letter  to  each  of  the  caveatees,  informing  them  of 
the  application,  and  adding  this  injunction, — **  Should  you  consider  the  above 
to  interfere  with  your  caveat  of  [mentioning  the  date],  an  answer,  post-paid,  is 
requested  within  seven  days  of  the  date  hereof  otherwise  the  patent  will  pro- 
ceed." When  the  seven  days  have  expired,  and  none  have  thought  proper  to 
answer,  the  applicant  is  entitled  to  his  report;  but  should  any  answer,  or 
*'  oppose,"  as  it  is  called,  such  opposer  must  deposit  with  the  Attorney  General's 
derk  a  sum  equivalent  to  the  expense  of  the  hearing  and  the  summonses 
(generally  under  five  pounds).  The  Attorney  General  afterwards  appoints  a 
day  when  he  will  hear  the  rival  inventors,  or  their  agents,  (and  to  these  are 
aometimes  added  counsel,  who  are,  however,  generally  only  an  incumbrance  in 
nice  pointo  relating  topractical  mechanics,)  and  each  of  these  is  summoned  for 
the  appointed  day.  When  met  together,  the  Attorney  General  first  calls  in  the 
applicant,  or  his  a^ent,  who  explains  to  him  alone,  and  confidentiaHy,  the 
nature  of  his  invention,  and  the  leading  points  upon  which  he  rests  his  claim 
of  originality.  The  caveatee,  or  caveatees,  are  next  heard  in  privacy ;  and  if 
the  Attorney  General  cannot  make  up  his  mind  upon  the  first  hearing,  the  rival 
partiea  are  called  in  again  alternately,  and  re-examined  until  he  is  satisfied.  If 
be  finds  the  inventions  to  be  essentiaUv  sJike,  he  reftiiMi  the  patent  to  either 


indivMiiBlly,  bul  offenlhemBJointpstentiirtbeyvil] unite  thetr  in 


the  opiioneiil  a  told  so,  and  the  applica 


II  being  eueattolly  difteren^ 
a  hii  raport     A  tew  dajra 


ftfter  tliil  report  hna  been  deliTeied  la  the  Secretary  of  Stole,  a  royal  wansQt  il 
i,  whiel)  is  lign^  by  the  Icing,  th'u  vi  -  '  -  •  >.  .. 
gal  advice  given  to  Hia  Majeiiy,  and 
concluding  with  direcliona  to  the  Attorney  Geneml  to  prepare  a  bill  for  Hi* 
Majesty's  signature,  i>  taken  to  the  BiN'office  (an  ofRce  eidnaivdy  appriipriatcd 
to  tile  engrosiinjj  of  patent  bills,  under  the  supBriotendence  of  the  AllOTnfy 
General,)  «her«  it  is  prepnted  in  the  coune  of  a  few  days,  nr  a  neeli,  nnd  then 
delivered  to  Ate  applicant,  who  lakes  it  to  the  Secretary  of  State,  to  obtain  the 
king's  aietiBture  [to  it.  The  king  Laving  signed  it,  it  ia  called  the  "  King's- 
bitl,"  and  is  next  taken  to  the  Kig^e^ofliee>,  which,  having  passed,  it  is  denomi- 
nated the  "  Signet'liill."  Hence  it  is  eooducled  into  the  Prit'y  Seat-offife,  where, 
having  received  the  privy  seal,  it  is  baptized  the  "  Privy  SeaJ-bill,"  and  is  con- 
ducted to  the  Great  Seal-office  to  receica  the  great  seal,  or  ftnishii^  stioke. 
Formerly  it  had  a  more  tortunvs  cinme  of  manmiuiiure,  having  to  go  tlirmigh 
a  process  at  the  IIanSpei~ofGce ;  but  although  this  one  of  the  roanv  abtnrcliues 
hfis  been  got  rid  of,  the  hanagier  feet  are  still  extorted,  being  meife  payable  at 
the  Great  Seal-office  before  the  pstenl  can  he  obtained.  We  should  bere  notice, 
(hat  caveats  are  sometimes  entered  at  tbe  Great  Seol-offlce;  but  oppoaii ion  made 
by  virtue  of  them,  to  the  senling  of  a  jiatent,  is  mode  so  expensiv*  t«  ibo 
eaveatee  as  to  be  now  but  rarely  acted  upon. 

In  the  letters  patent  which  ate  granted  for  new  InvetitioDs,  the  improvementa 
or  inventions  are  first  stated;  the  prayer  of  the  petitioiier  to  have  the  exclusive 
benefit  for  himself,  or  his  asaigns,  for  fourteen  years,  is  next  given,  and  tljis 
prayer  is  declared  to  be  complied  will),  according  to  the  statute.  After  eom- 
manding  all  tuljects  not  to  interfere  with  the  paleni  right,  and  issuing  a  man- 
date to  all  officers  not  to  nrolesl  tho  patentee  in  the  eicrcise  of  it,  Ibe  lett«rv 

"'""""'"'"" 'it  the  grant  is  contrary  to  law,  or 

enied  have  been  in  use  befinre  th« 
date  of  the  grant,  or  if  the  patentee  be  not  the  inventor,  or  if  it  interfere  with 
prior  letters  patent,  or  if  the  patent  be  transferred  to  more  than  twelve  persAfM 
(lately  increased  ftom  fire  to  twelve),  or  to  any  who  act  as  a  cornorate  body )  ■ 
or,  finally,  if  the  natfire  of  the  invention  be  not  described,  or  tbe  description  or 
specification  be  not  enrolled  within  ftro  calendar  months  after  tlie  dale  of  the 
Iclten  patent.  Tbe  letters  patent  conclude  with  a  declaration,  that  iboy  shall  b« 
construed  in  the  most  beneficial  sense  for  the  patentee. 

Jl  (rill  be  observed,  that  tbe  period  allowed  for  tbe  enrolment  of  the  specifi- 
cation, is  but  two  months  fbr  an  English  patent  only  ;  but  if  the  patentee 
declares  in  hIa  affidavit  that  it  his  inten^on  to  solicit  patents  for  Scotland  and 
Ireland  also,  then  he  is  allowed  tie  months  to  prepare  tils  specifieBtion ;  and  il 
be  declares  fat  only  one  of  these  countries  in  addition  to  England, ybur  months 
are  allowed.  These  periods  are,  however,  sometimes  extended  upon  a  special 
affidavit,  and  a  petition  to  the  Attorney  General,  setting  forth  the  necessity  of 
the  extension.  As  an  instance,  we  had  occasion  to  solicit  a  patent  for  a  genlleinani 
who  dijcavered  that  the  kernel  of  tbe  palm-nuts,  previously  thrown  away  aa 
valueless,  contained  more  valuable  oleaginous  matter  than  the  outer  rind,  from 
which  the  oil  mts  usually  extracted ;  and  although  tbe  process  for  obtaining  the 
oil  could  be  specilied  by  the  operations  thai  had  been  mode  upon  a  small  qnan- 
tity,  still  it  was  of  importance  that  the  public  ahonld  be  informed,  through  the 
medium  of  the  specification,  of  the  best  mode  of  procedure  on  the  large  scale, 
to  determine  which,  il  was  necessary  to  procure  a  supply  from  South  Auierioa  ; 
on  this  plea,  we  procured  herlve  months  to  specify.  However  long  a  period  ft 
patentee  may  have  to  specify,  he  rarely  finds  it  too  much ;  rerv  frequently, 


always  recommend  our  clients  to  eipirsa  in  their  affidavits  that  it  is  their 
to  take  out  patents  for  the  three  kingdoms,  if  they  have  the  remotaal 
of  10  doing,  as  they  thereby  obtain  ii«  months  to  apecily,  wbieb  k  « 


FATBNTSL  sgp 


oi  m  aimKOoa  i»  mat  •arnUmi  m  Mi^ 

Ikta  Jan  M  tibe  iiHenit  of  the  pvhr  mi^  aftwwaidi 

f  MrilillMftftfiinlMdniBeetadiiffa^mt^  of  tfa*  tagvr  tern  to 


lto«9«MliBidtfl»tiMliiMity  •fMDg  robbed  of  lut  inTeatifai  bya 
^ifctohKt»ol<MedittJmioa|ylenti)ruiiuwif^ 
I  Ihmw  MB  aoBtho  to  apeeify.  B  mrente  other  iaqpror^^ 
i»  tfniMMi  tMfhM^  iriikh  ho  potcBta  m  July,  and  hoe  only  two  moothe  to 
wgmMIJn  l^li  WjiiiMIr ■IliB  h  tnrdaed  ia  Seotottber ;  thtn  A  goee  to  the  office 
'  %  Atoiiii».Mk>Fieeeeitopeyfcrit,  m  cffio^cony,  tdkeeSthome 
— ^  hiiifff ■»  at  hii  jeJenre,  the  whole,  ores  much  of  ift  at  hepleaaee»iii 
BiAalivdioiaDeeenihen  ttowaiAhaeapiierclaimbjthedate 
B  ii  hiimtf  aHj'  robbed  of  hie  mventiom  and  hii  patent  right  tog 
Ik  AtohikV  •  firtaat  Ibr  Seodand,  the  tet  proeeedbga  an  ttie  eame  at  fer 
Iha  ]Mrtilfaai  Ii  nAtred  to  the  Lord  AdvocS^  npon  whoee  rq^ 
Ui  vamnH^  and  the  remaming  buMMee  b  eiacnted  in  ScoUaDd 


remaining 
itfdriw  Aa  kfag^a  agaatnre  to  the  bilL  Foot  mondis  is  the  time 
to  Mumitjm  Seotdi  yrtefc  Thejpatent  is  written  ut  the  Latin  langoage. 
Ia  aaiieitiqg  m  Iikh  patent,  the  affidavit  and  petition  is  sent  with  a  r^er- 
flMO  firaaa  tibe  King  to  the  Loid Lieutenant  at  Dublin;  hot  as  his  krdship  knows 
■oAiag  of  aach  matters  exeept  the  fees  they  conduct  into  his  pocket,  he  refers 
Iha  oevei^diseiiaMd  point  of  the  propriety  of  granting  the  patent^  to  the  grare 
ueasidiiatiim  of  the  Irish  Attorney  and  Solicitor  General,  both  of  whom  sign 
their  BaBMB  to  a  lithographed  report,  fer  doing  which  they  pocket  an  enormous 
Tlw  sobseqiient  proceedings  are  nearljr  similar  to  tnoee  of  an  English 
tf  aaeepttng  tiiat  they  are  much  kuurer  m  completion. 
Tha  tOBO  required  for  completing  an  English  patent  under  the  moat  favour* 
cntttmstanoes^  that  is  witnout  opposition,  is  three  weeks ;  but  hy  the  pay* 
of  additional  or  **  expedition  "  fees,  it  may  be  done  in  a  fortnight  by  an 
s^gant  A  Scotdi  patent  takes  also  about  three  weeks;  but  an  Irish 
t  takes  fbll  six  weeks.  Before  the  period  when  Mr.  Stanley  came  into 
t  as  Seoetary  for  Ireland,  it  was  difficult  to  get  an  Irish  patent  completed 

The  ooat  of  patento  for  England,  Scotland,  and  Ireland,  are  stated  in  a 
printed  report  of  the  Committee  of  the  House  of  Commons,  to  be  as  follows :— 

For  England,  to  one  person  only 106  11     8 

„             if  to  two  persons,  an  additional .  20  0    0 

„              if  the  Colonies  bie  included  •    .  5  0    0 

For  Scotland 79  10    5 

For  Ireland 128  5  11 

The  expenses  of  the  ^ecification  are  to  be  added  to  the  foregoing,  wliich 
depend  entnely  upon  its  length,  the  trouble  of  preparing  it,  and  the  quantity  of 
drawings.  It  cannot  be  leas  Uian  ten  pounds ;  and  tne  average  cost  mapr  be 
stated  at  about  twenty  pounds  each,  though  there  have  been  instances  of  the 
eosta  exceeding  one  hundred  pounds,  when  it  has  been  necessary  to  describe 
mioiitoly  very  eztenrive  meooanism,  accompanied  by  numerous  elaborate 
drawings,  llie  expense  is  frequently  much  increased  by  the  inventor  not 
hftving  well  digested  all  his  plans,  and  working  drawings  having  to  be  made 
eat  by  the  hcMl  and  from  verbal  descriptions,  which  generally  require  much 
alteratioa  and  stady  before  they  are  complete.  A  material  part  of  the  before- 
mentioned  costs  of  specifications,  consists  in  the  stomps  and  enrolment  fees, 
amounting,  we  Unnk,  to  about  half  of  the  whole;  the  remaining  half 
Ibrming  the  compensation  to  the  agent  employed  to  write,  making  out  the 
drawings,  &c  of  the  specification.  But  if  the  patentee  feels  himself  competent 
to  execute  this  task  in  a  proper  manner,  he  may  save  himself  this  half  of  the 
•xpense;  nevertheless,  if  he  has  not  previously  been  a  patentee,  and  thereby 
become  acquainted  with  all  the  requirements  of  the  law  m  this  most  essential 
proceedmg,  it  would  be  imprudent  in  him  not  to  avail  himself  of  the  ladvice  or 
assistanrn  of  one  more  experienced  in  matters  of  the  kind.  The  specification  is 
engrossed  upon  parchment,  the  fint  skin  bearing  a  five  pound  stamp,  and  eveiy 


fucceedlng  iLkin,  or  btoodiI  1 080  words,  stamps  uf  one  pound  etch.  Two  icts  oi 
diBwingi  are  required,  one  an  pnper,  tlie  olher  on  vellum  or  parchrnenl ;  the 
latter  are  retained  in  the  oiHce,  and  are  atitched  (o  the  copy  of  the  patent  on 
the  "  rolU."  After  this  is  done,  the  specitication  that  was  deposited,  and  the 
drawing  on  paper,  will  be  returned  to  the  patentee  on  oppliCBtion  at  the  office ; 
Bl  whii£  time  ihe  balance  of  the  enrolment  fees  (a  aum  having  been  previously 
depoiited)  is  demanded.  The  fees  of  enrolment  of  a  Scoteh  patent  are  con- 
siderably more  than  for  an  English  one,  and  the  stamps  are  the  tame.  The 
fees  chargeable  for  an  Irish  patent,  as  well  as  the  stamps,  are  leu  ihan  those 
for  on  English  one. 

Since  the  fore^iing  was  prepared  far  the  press,  an  Act  of  Parliament  for  the 
amendment  of  the  patent  lavs  was  introduced  by  Lord  Brougham,  and  passed 
on  the  loth  Seplem%er,  1835,  of  which  the  following  is  an  abstract : — 

"  I.  Any  person  who,  a«  grantee,  assignee,  or  otherwise,  hath  obtained  letlen 
patent  for  any  invention,  may  enter  wim  the  clerk  of  the  patents  of  England, 
Scotland,  or  Ireland,  respectively,  having  first  obtained  the  leave  of  the  Attorney 
General,  or  Solicitor  General  in  caie  of  an  English  patent,  of  the  Lord  Advo- 
vocate  or  Solicitor  General  of  Scotland  m  the  case  of  a  Scotch  patent,  or  of  tUo 
Atlnmey  General  or  Solicitor  General  for  Ireland  in  the  case  of  an  Irish  patent, 
a  disclaimer  of  any  port  of  either  the  title  of  the  invention,  or  of  the  epecllica- 
tion,  stating  Ihe  reason  for  such  disclaimer ;  or  may,  with  such  leave  a»  afore- 
said, enter  a  memorandum  of  any  alteration  in  the  said  title  or  specification, 
not  beiiu/  lUcA  dadaiaer  or  tuck  alUraUon  at  iKaU  txietid  the  txctiuipt  right 
granted  bg  the  ttdd  Ultcn  paUiU ;  and  such  disclaimer  or  memorandum  nf 
alteration  shall  be  deemed  to  be  part  of  such  letters  potent,  or  such  specification, 
in  all  courts  whatever :  Provided  that  any  person  may  enter  a  caveat  against 
such  disclaimer  or  alteration ;  wliich  caveat  shall  eive  the  party  a  right  to  have 
notice  of  the  application  being  heard  :  Provided  boo  that  the  Attorney  General 
or  Solicitor  General,  or  Lord  Advocate,  may,  before  granting  such  fiat,  require 
the  party  applying  to  adverUse  bis  disclamier  or  alteration,  and  shall,  if  he 
require  such  advertisement,  certify  in  his  fiat  ihat  the  same  has  been  duly  made. 

"  2.  If,  in  any  suit,  it  shall  be  proved,  or  specially  found  by  the  verdict  of  a 
jury,  that  any  person  who  shall  have  oblained  letters  patent  for  any  invention, 
was  not  the  first  inventor  thereof,  or  of  some  part  thereof,  by  reason  of  some 
olhet  penon  or  persons  having  invented  or  used  the  same,  or  some  purl  thereof 
before  the  date  of  such  letters  patent;  or  if  such  patentee  or  his  assigns  shall  dis- 
cover that  some  olher  person  had,  unknown  to  such  patentee,  invented  or  used 
the  same,  or  some  part  thereof,  before  the  date  of  such  letters  patent;  or  if  such 
palenlee  or  his  assigns  shall  discover  that  some  other  person  had,  unknown  to 
such  patentee,  invented  or  used  the  same,  or  some  part  thereof,  before  tlie  date  of 
such  letters  patent,  it  may  be  lawful  for  such  patentee,  or  his  assigns,  to  petition 
His  Majesty,  in  council,  to  confirm  the  said  letters  patent,  or  to  grant  new 
tetters  patent ;  which  petition  shall  he  heard  before  the  judicial  conuuiltee  of 
Ihe  prin  council ;  and  such  committee,  upon  being  latis^ed  that  such  patentee 
believed  himself  to  be  the  first  and  original  inventor,  and  that  such  iiivenlion, 
or  part  thereof,  had  not  been  publicly  and  generally  used  before  the  date  of  such 
first  letters  patent,  may  report  their  opinion  that  the  prayer  of  such  petition 
ought  to  be  complied  with  ;  whereupon  His  Majesty  may,  if  he  think  fit,  grant 
such  prayer:  and  the  said  letters  patent  shall  be  available  in  law  and  equity  to 
give  (0  such  petitioner  the  sole  right  of  using,  making,  and  vending  such  in- 
vention as  against  all  persons  whatsoever,  any  law,  usage,  or  custom  to  the 
contrary  thereof  notwithstanding. 

"  3.  If  any  action  at  law,  or  any  suit  in  equity  for  an  account,  shall  be 
brought  in  respect  of  any  alleged  infringement  of  letlen  patent,  or  any  leW 
facial  to  repesJ  such  letters  patent,  and  if  judgment  shall  pass  for  the  patentee 
or  his  assigns  upon  the  merits  of  the  suit,  the  judge  may  certify  that  the  validity 
of  the  patent  came  in  question  before  him,  which  certificate  being  given  in 
evidence  in  any  other  suit  or  action  whatever  touching  such  patent,  if  judgment 
shall  pass  in  favour  of  such  patentee  or  his  assigns,  he  or  they  shall  receive 
treble  costs,  to  be  taxed  at  three  times  the  taned  costs,  unless  the  judge  ihall 
certi^  that  lie  ought  nut  I«  have  auch  treble  casts. 
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•'"  4b  IT  ■!  pitwiiii  jinn  •AfcrtiM  in  the  Londoo  Ouette  diree  time^  and 
fti  finm  LoMMi  ftftKh  and  tibme  tunes  in  lome  coontiy  pftper,  pabliahed  in 
4m  tPVB  «b«ra»  lor  bmt  to  ndiidiy  1m  canied  on  the  nuumfiKctiire  m  any  thing 
■Miii^  mjwJiiiy  to  hit  ipeeifiealion ;  or  near  to,  or  in  which  he  residei,  in  case 
ki  CMriid  on  |m>  watk  awmifiictnre ;  or  poblishad  in  the  county  where  he 
on  inA  Bunmfaelnre^  or  where  he  liTei,  in  case  there  shall  not  he  anj 
-***  *^  *  ^soditaiWB,  tiiat  he  intends  to  apply  for  a  prolongation  of  his 
-and  YMidiiig  his  invention^  and  shaO  petitHm  His  Mijesty  in 
;  Mnyfsou  may  enter  a  caveat ;  and  if  His  Majesty  shall 
■1  of  sadi  petition  to  the  judicial  committee  of  the  privy 
•ball  ftcii  DO  hy  him  given  to  any  person  or  perMms  who 
ndi  cci«flt%  the  petitioner  shall  he  heard  1^  nis  coonseU 
to  prova  his  caae^  and  the  persons  entering  caveats  shall  likewise 
ha  iMMdhgrlhi  eomasl  and  witnesses ;  whereupon,  and  upon  hearing  and  inqoir- 
flf  tta  wliolemattary  die  iodicial  committee  may  npatt  that  a  farther  exten- 
Jtiikm  tans  In  the  said  Jetters  patent  should  he  granted,  not  exceeding  seven 
;  ml  fiOs  Ma^sty  is^  if  he  shall  think  fit,  to  grant  new  letters  patent  for  the 
invention  for  a  term  not  exceeding  seven  years  after  the  expiration  of  the  first 
teim :  Pinovided  the  iqpplication  hy  petition  shall  he  made  and  prosecuted  with 
cAei  before  the  expiration  of  the  term  originaUy  granted  in  such  letters  patent" 
5  and  6  introduce  soma  alterations  in  the  forms  of  process  in  actions  for 


**  7.  That  if  any  person  shall  write,  stamp,  &c.  upon  any  thins;  the  name,  or 
any  imitation  of  the  name  of  any  other  person  who  oath  obtained  letters  patent 
for  andi  thing,  without  leave  in  writing;  or  if  he  shall  write,  stamp,  &c  on  such 
thing  without  leave,  as  aforesaid,  the  words  *  patent,'  *  letters  patent,'  or  <  by  the 
kin^a  patent,'  or  any  words  of  the  like  kind,  meanings  or  import,  he  shall,  for 
cvoy  aodi  offence,  be  liable  to  a  penalty  of  60L" 

It  ia  necessary  we  should  not  omit  to  inform  the  reader  that  very  recently  an 
Act  was  introduced  by  the  Duke  of  Richmond,  and  received  the  sanction  of  the 
kgislafenre,  far  the  abolition  of  voluntary  and  extra-judicial  oaths  and  affidavits; 
hy  die  provisions  of  which  it  is  now  indispensable  that  an  inventor  who  applies 
far  a  patent  should  first  make  a  "  declaration**  in  lieu  of  the  affidavit,  of  which 
we  have  given  the  form  on  page  266  ;  and  this  declaration  must  be  couched  in 
die  terms  expressed  in  the  Act,  which  we  have  not  space  to  insert 

PAVING,  or  PAVEMENT.  A  layer  or  covering  of  stone  or  brick,  carefully 
laid  over  roads,  paths,  halls,  passages,  &c.,  and  to  form  stone  floors  in  the 
interior  of  builduags.  Pavements  of  flint  and  flags,  in  streets,  are  commonly 
laid  dry,  that  is,  in  beds  of  sand  or  gravel ;  those  of  stebles,  courts,  ground- 
roomsy  &c  are  laid  in  a  mortar  of  lime  and  sand,  or  in  lime  and  cement,  especially 
if  there  be  cellars  underneath.  Sometimes,  after  a  floor  of  stone  or  brick  has  been 
laid  dry,  a  thin  stratum  of  mortar  is  spread  over  it,  and  worked  into  the  crevices, 
to  fin  up  all  the  joints.  The  several  kinds  of  paving  are  as  various  as  the  mate- 
rials or  which  they  are  composed^  the  adoption  of  which  depends  usually  upon 
local  circumstances  and  the  expense :  ^e  following  are  the  principal  kinds. 

1.  Pebble-pavine,  firequentiy  laid  in  ornamental  design,  is  done  with  kidney- 
shaped  stones,  obtamed  from  Guernsey  and  other  places;  it  is  extremely  durable 
when  properly  performed. 

2.  Rag-paving,  formerly  much  used  in  London :  the  stone  is  obtained  from 
Maidstone,  in  Kent,  whence  the  name  of  Kentish  rag-stone;  there  are  square 
atones  of  this  material  for  coach-tracks  and  footways. 

3.  Pdrbeck  pitehens ;  stones  firom  six  to  ten  inches  square,  and  five  inches 
deep,  brought  nrom  the  island  of  Purbeck,  and  firequentiy  used  in  court-yards. 

4.  Square-paving,  by  some  called  Scoteh-paving:  by  this  was  recently  under- 
stood cnlncal  stones,  of  blue  wh3mn ;  they  are,  however,  now  nearly  duused  in 
London,  owing  to  their  inferiori^  d  the  next-mentioned. 

5.  Scoteh  granite ;  a  hard  material,  usually  of  a  bluish  or  reddish  colour,  witii 
which  the  London  road-pavements  are  formed. 

6.  Guernsey  and  Herm  blue-granite ;  extensive  quarries  being  now  opened 
at  the  latter  island,  chiefly  for  the  supply  of  the  London  pavements,  for  which 
pmpoaa  it  is  faund  to  answer  as  well,  if  not  better,  than  tiie  Scoteh.  The  stones 
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loUd  at  MriUe,  by  ramming,  previoiu  to  laying  -down  the  ttonet, 

'Uflh  art  li  fionn  lika  the  lower  portion  of  a  reguUr  quadrangular  pmmid, 
■d  avt  anai^jpd  to  Aat  die  lidet  of  each  itone  shall  overlap  thote  m  the  next 
mWf  m  cihibitad  in  parapective  in  the  preceding  cut  When  they  are  diui  laid 
ttufcn^gr  and  traiUTt  with  their  broadest  sur&oea  or  bases  downward,  a 
MMnlUjF  of  aoma  of  tlMwa  stone-like  cements,  of  which  Ume  is  the  basis,  or  the 
BritUi  nooolani^  it  to  ba.poarad  between  the  ioints,  filling  them  to  about  one- 
tUid  or  Aair  depth :  whoi  this  has  become  hard,  so  as  to  cement  the  whole 
into  ana  aolid  body,  die  ramaining  two-thirds  of  the  interstices  are  to  be  filled 
~  brakan  flinti^  gianita,  or  other  hard  materials.  On  ead&  side  of  this  road- 
ava  lo  ba  eonsttnetad  daeo  brick  gutters,  for  the  reorotion  of  the  water, 
die  amaD  portion  of  mod  tliat  mav  be  formed ;  and  midway,  between  each 
ada  and  tlia  centra  of  the  road,  lateral  trenches  are  to  be  dug,  to  lead,  by  an 
MkpB  diaoenti  into  the  briok  gutters:  these  trenches  are  to  be  filled  witli 
bnfcen  bridn  and  8lone%  and  aenre  as  a  filter,  to  convey  nothing  but  the  water 
from  die  middle  of  the  road  into  the  gutters.  The  patentee  considers  that  a 
paved  carriage-way,  conatmcted  upon  this  plan,  will  be  extremely  dund>le,  and 
will  be  kept  free  from  mud  and  sludge. 

The  patent  irianffiiiar  ptnewuni  is  founded  (as  the  inventor  states),  upon  the 
redproeal  beariiw  and  support  of  the  stones.  The  pavement  is  formed  of 
granite,  or  other  hard  paving  stones,  of  the  ordinary  sise,  and  each  stone  is  laid 
or  ranged  in  such  a  manner,  with  reference  to  the  several  contiguous  stonen,  as 
that  neither  can  be  displaced  the  eighth  of  an  inch,  by  any  pressure  or  percus- 
sion, however  great,  in  the  ordinary  use  of  the  streets.    The  stones  are  not 

wedges  or  cubes,  but  formed  as  repre- 
sented in  the  subjoined  diagram,  each 
containing  a  protruding  or  salient  angle 
on  the  one  side,  and  an  indented  or  re- 
ceding angle  on  the  opposite  side;   the 
recedmg  angle  being  formed  to  receive 
the  salient  one.    Although  the  first  cost 
of  a  pavement  of  this  kind  may  be  greater 
than  ordinary,  its  probable  greater  dura- 
bility win,  most  likely,  more  tlian  compensate;   besides,  its  level  symmetry, 
cleanliness,  and  solidity  of  construction,  derived  by  each  part  from  the  whole 
superficies,  seem  to  be  advantages  attached  to  this  species  of  pavement. 

In  Macknamara's  patent  pavement,  the  stones  are  comparatively  thin,  flat 
squares;  their  upper  faces  have  two  of  the  opposite  sides  of  the  quadrangle 
beveled  off  to  an  an^le  of  about  forty-five  de^ees ;  and  underneath  each  stone 
the  reverse  sides  of  the  quadrangle  are  beveled  off  in  like  manner,  so  that  when 
laid  together  in  the  manner  exhibited  in  the  engraving  on  the  next  page,  they  may 
reciprocally  support  each  other.  Fig.  1  represents «  plan  of  a  street  paved  on 
this  system ;  r£^.  2  exhibits  a  vertical  section  of  the  same,  the  roadway  stones 
being  numbered  1,  2,  3,  4,  5,  (as  shown  on  the  plan);  6  6  are  the  ^tter- 
stones ;  7  7,  these  which  abut  against  the  curb.  ^.  3  gives  a  side  view  of 
three  entire  stones,  exhibiting  the  reverse  position  of  the  beveled  edges,  by 
which  the  stones  are  mutually  supported.  Fig,  4  represents  the  opposite  sides 
or  edges  of  the  same  stones. 

"  By  a  careful  attention  to  the  figures,  it  will  be  seen,"  says  the  patentee, 
"  that  each  and  every  individual  block  or  stone  mutually  and  reciprocally  sun- 
port,  and  are  supported  by,  each  other.  This  principle  will  be  found  to  apply 
throughout,  each  block  or  stone  being  upheld  by  two  adjoining  ones,  and,  in 
return,  mutually  supporting  others  that  are  made  to  rest  upon  it  These  blocks 
nay  be  made  of  any  convenient  size ;  the  principal  object  to  be  attended  to  is 
to  make  the  bounding  lines  on  the  upper  surface  as  perfect  as  the  nature  of  the 
atones  wfll  admit  I  shall  here  observe,  that  when  blocks  are  used  of  larce 
dimensions,  it  will  be  proper  to  groove  their  surfaces  to  form  a  better  foot-hud 
for  horses ;  and  in  order  to  identify  my  invention,  and  thereby  endeavour  to 
prevent  any  infiingement  on  this  patent,  that  it  consists  solely  in  working, 
entdng,  or  fbrming  the  sides  of  my  blocks  or  stones,  so  that  they  shall  make 
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nnbikUy  and  reciprocat]  j  support  and  preserve  eacli  other  from  the  impeiftctioli 
HI  eenerall)r  foimd  ia  the  usual  practice  of  paving." 

PEARLS.  A  calculus  or  morbid  concretion,  formed  in  consequence  of 
(ome  externa]  injury  which  the  muscle  or  ehell-luh  receiiei  that  produces  it, 
parliculirly  from  the  operations  of  certain  minute  worms,  which  occasionally 
bore  even  quite  through  to  the  animal.  The  peorb  ore  formed  in  the  indde, 
on  these  places :  hence  it  is  easy  to  ascertain,  by  the  inspection  of  tfae 
outside  only,  whether  a  shell  is  likely  to  contain  pearls.  If  it  be  quite  sraoolb, 
vithout  cavity,  perforation,  or  callosity,  it  may  witli  certainty  be  pronounced 
(o  contain  none;  M,  on  the  contrary,  the  ibpll  be  pierced  or  indented  by  worms, 
there  will  always  be  found  either  pearts,  or  the  embryru  of  pearh.  It  is 
possible,  by  ortilicial  perforation  of  the  shells,  to  cause  the  formation  of  theae 
substances.  The  process  which  has  been  chiefly  recommended  is  to  drill  a 
small  hole  through  the  ehell,  and  to  fill  it  up  with  a  piece  of  brasa  wire, 
rivetiing  this  on  the  outside,  like  the  head  of  a  nail ;  and  the  part  of  the  wire 
which  pierces  the  interior  shining  coat  of  the  shell  will,  it  is  said,  become 
corered  fftlh  a  pearl.  As  to  the  value  of  British  pearls,  some  have  been  found 
of  a  size  >o  large  as  to  be  sold  for  201.  each,  and  upwards;  and  SOL  was  once 
offered  and  refused  for  one  of  rhem. 

7*14;  oriealal  pearl  miucle.  to  which  we  are  indebted  for  nearly  all  the  pearli 
ol  commerce,  has  a  flattened  and  somewhat  circular  shell,  about  eiebt  inches  in 
diameter,  the  part  near  (he  hinge  bent  or  tiansverae,  and  imbricated,  or  covered 
ike  slates  on  a  house,  with  several  coats,  which  are  toothed  on  the  edges.  Soma 
of  llie  shells  are,  externally,  o(  a  sea-green  colour,  othets  are  chestnut  tn 
reddish,  with  while  stripes  or  marks,  and  others  whitish,  with  green  mark*, 
Tbeae  shells  are  found  both  in  the  .\merican  and  Indian  seas.     T^xt  principal 
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pew]  fitherie*  are  off  the  eattta  of  HindixMlaD  and  Ceylon ;  they  usii^lljr  caa»< 
numce  abotit  (lie  mooth  of  March,  and  occupy  many  boats,  aad  a  gr'  'i'  imnbiz 
of  hands  :  each  boat  has  generally  ttventy-one  men,  of  shom  one  is  <!u  iaplain, 
*ho  acu  es  pilot;  ten  row  and  auist  the  dirert;  and  the  remaindtT  an  mTcn, 
who  go  down  iolo  [he  >es  nkernalely,  by  fire  at  a  time.  The  lurgL^t  roond 
peatt  that  hai  been  known  belong  to  the  Great  Moeul,  and  it  about  twi>-tliicdl 
of  an  inch  in  diameier,  Pearli  from  tlie  Gibery  of  Ceylon  are  coiuideied  DMn 
rahiable  b  Eneland  than  those  &om  any  other  part  of  the  world.  The  tataSlM 
kindi  are  called  seed  or  diut  pearli,  end  are  of  cumparatively  amall  ralu^  hwag 
nid  by  the  ounce,  to  be  concerted  into  powder.  To  make  the  artilidal,  take  tb* 
Usy  or  bleak  lish,  common  in  the  Thames ;  icrape  ofT  the  silvery  walet  ban 
Ott  belly ;  wash  and  ttlb  theie  in  water ;  then  aufrer  ihii  water  to  leltle,  and  • 
Hdimrat  will  be  found,  of  an  oily  conaistence.  A  little  of  this  ii  to  be  dnpiMd 
into  a  hollow  glaas  bead,  of  a  bluish  tint,  and  shaken  about  ao  aa  to  CK/m  all 
the  internal  surface  :  afte^thks  the  bead  is  liUed  up  with  melted  wbite  inx,  to 
give  it  solidity  and  weight. 

The  Roman  pearls  are  formed  of  a  very  pure  alabaster,  conriderable  jiiiiilw 
of  which  exist  near  Pisa,  in  Tuscany.  The  proceu  is  as  follows: — the  iiflhaMnr 
u  first  sewn  into  sUces,  the  Ihickneis  of  the  pearls  required;  the  pearls  are  tlk«B 
formed  with  on  instruneot  which  bores  a  small  hole  in  the  centre,  at  th«  Mtnw 
time  that  the  required  shape  is  obtained.  The  next  thing  in  the  proceu  it  Uxor 
immeniion  in  boiling  wax,  to  give  them  a  rich  yellow  hue,  and  afierwtfdt  to 
coTer  them  sereral  times  with  the  silvery  substance  obtained  trom  the  scalta  el 
the  bleak.  The  singular  bcauly  of  this  ornament,  which  perfectly  resonUea 
the  real  pearl,  the  varied  patCGrna  in  which  they  are  arranged,  and  their 
extreme  cheapness,  render  Utem  an  object  much  sought  anerj  while  ihor 
soiidiij  is  such,  that  they  may  be  dashed  to  therround  with  violence  wiiboat  re- 
reiving  the  sligiilent  injury;  being  thus  rendered  far  superior  to  those  of  fkench 
manufacture,  which  are  at  once  more  fragile,  and  considerably  less  imitaliTe. 

The  Chinese  in  a  manner  force  the  production  of  real  pearl,  in  the  animal 
ttaclC  They  collect  the  myca  tnargarite  fera,  or  European  pearl  muscle,  and 
pierce  (he  oulsidei  of  the  shells  in  several  parts,  without  completing  the  pcrfi^-. 
ration  throughout  The  BOimul,  becoming  conscious  of  the  weaknen  ae 
deficiency  of  the  shell  in  (hose  particular  epoti,  deposits  over  them  a  gnat 
€fuatitf  at  it*  pearly  calcarconi  matter,  and  Ihut  forma  so  many  peariy 
ttibenlea  over  diem.  The  pearls  thus  obtained  an,  however,  said  to  be  gene- 
rally infimor  to  those  naturally  proditeed.  Pearls  that  are  dlacolDiired  maj 
be  thni  whitened :  "  Soak  them  first  in  hot  water,  in  which  some  bran  with  « 
Uttle  taitar  and  alum  have  been  boiled ;  rub  them  gently  between  the  handi, 
which  roaj  be  continued  tmtil  the  water  grows  cold,  w  until  the  ol|ect  ii 
efiected,  when  they  may  he  rinsed  in  lukewarm  water,  and  laid  on  writing- 
faper,  in  a  dark  place,  to  cooL"  The  foregoing  is  extracted  &om  the  acientifie 
joonials;  but  we  have  always  imderttood  that  real  pearli,  ao  diacolotiNd,  ai* 
ecaled  by  the  lapidaries,  that  is,  they  take  off  the  upper  coat  or  lainina,  which 
Imtci  them  slightly  diminished  in  size,  but  equally  beautiful  t»  their  piimitiTe 

PEARX.,  MoTRU  OF.  The  (hell,  not  of  the  pearl  oyUer,  but  of  another  kind 
•^oyster,  the  iiuide  of  the  shell  of  which  is  very  imooth  and  polished,  and  of 
As  whiteness  and  water  of  pearl  itself.  The  tbell  baa  the  lame  liutre  on  the 
ontaide,  after  the  outer  coat,  or  lamina,  has  been  removed  b^  aqiut-fortis  and 
tbe  lapidary's  milL  It  ii  used  for  the  handles  of  knives,  inlaid  work,  &c. 
PEARLASH.     An  impure  potash,  obtained  by  lixivistion  of  the  ashet  at 

'    [danta.     See  Pot*sb. 

<  PEARL-SHELL.  A  new  proeeai  of  working  pearl-diell  into  a  variety  at 
devices,  for  the  purpose  of  applying  it  to  ornamental  uses  in  the  manufacture  of 
hpui  ware  and  other  article*,  has  lately  been  invented  by  Meurs.  Aaron 
Jonningi,  and  John  Betteridge,  of  Birmingham.  The  process  is  limilar  to  that 
of  et^mving  on  metala  in  reSef,  hy  the  wd  of  corroeiTe  acids  and  the  etching- 
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int.    The  pearl-shell  ii  first  divided  into  very  thin  platei  or  Icavei,  « 
__ ..    ._..  .    .,    .  pert ctfaninchjandthedencea  wpr" 
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upoD  them  in  ail  opaiguc  Iur|)eiitiiie  vamiahi  strung  nilrouiacjd  u  tbenbnuhed 
over  t)ie  plates  icpEaiedty,  uniil  llioac  paiii  Mt  bare,  or  undefeiiilvd  by  the 
vnrnish,  are  sulficlelitly  corroded,  or  "  eaten  away  "  by  the  acid.  The  varniih 
being  nov  vashed  off  b;a  little  oil  of  turpentine,  the  device,  whirh  tbe  acid  boa 
not  touched,  is  Tmrnd  to  be  perfectly  executed.  If  tbe  design  it  lu  be  after  the 
manner  of  common  etching  on  copper,  tben  the  proceu  upun  the  shell  a  pre- 
cisely similar  to  that  already  explained  under  the  article  EaoaiviNO.  When  b 
conaiderablD  number  of  ornamenla  are  required  of  the  some  size  and  pattern, 
a  sufficient  dumber  of  the  plates  are  cemented  together  by  glue,  with  only  one 
plate,  having  the  device  etched  upon  it,  placed  on  the  outside ;  lliesc  are  then 
made  fast  in  a  pair  of  elami,  or  acrened  between  the  jaws  of  a  vice,  and  care- 
fiilly  sawn  out  altogether  I^  a  very  fine  frame-saw  :  the  cemented  shelb  are 
then  thrown  into  warm  water,  which  softens  the  glue,  and  quickly  separatea  the 
pieces.  When  several  devices  upon  a  plate  have  been  bit  in,  they  may  be  laid 
upon  a  flat  surface,  and  cut  through  trith  a  knife-ed^ed  tool;  for  thick  pieces 
the  saw  is  put  in  requisition,  and  the  linishlng  executed  by  a  variety  of  sharp 

PEARL-WHITE.  An  oxide  of  histnuth.  It  is  employed  as  a  cosmetic,  to 
whiten  the  skin;  but  ils  tendency  to  become  black,  by  exposure  to  the  action  of 
■ulphurettcd  hydrogen  mixed  with  the  atmo&phere,  renders  it  a  very  dangerous 
expedient  to  heighten  female  charms. 

rEAT.  A  spongy  black  earth,  combined  with  decayed  regetabte  matter : 
when  dried,  it  forms  a  valuable  fuel. 

PECK.     An  English  measure ;  the  fourth  part  of  a  biisbel. 

PEDOMETER, /oof-mffuurr,  or  wag-wuer,  is  a  machine  in  the  form  of  ■ 
■mall  lime-piece,  containing  a  train  of  toothed  wheels,  which,  by  means  of  a 
chain  or  string,  fastened  to  a  man's  fool,  or  to  the  wheel  of  a  carriage,  are  made 
to  move  one  notch  or  tooth  at  each  step,  or  each  revolution  of  the  wheel ;  and 
the  train  thus  uniformly  moved  being  connected  to  an  index,  points  out  the  dis- 
tance travelled,  on  a  graduated  dial-plate. 

A  patent  for  '•  an  improved  pedometer  for  the  woiilcoal  pocket,  upon  «  new 
and  very  simple  construction,"  was  taken  out  by  Mr.  William  Payne,  of  New 
Bond-street,  m  1331.  It  ti  of  the  form,  and  of  the  usual  siie,  of  a  common 
watch,  and  consists  of  a  lever  or  pendulum,  one  end  of  which  is  weighted  or 
inlayed,  and  the  other  supported  by  a  delicate  spring;  by  which  arrangement, 
each  step  of  the  wearer  produces  a  vibration,  and  moves  a  ratchet  wheel  one 
tooth,  and  the  latter  being  geered  into  a  train  of  wheels  (ilmiUr  to  thoie  of  ■ 
common  counting  machine)  moves  indexes  or  hands  over  tbe  face  of  a  dial- 
plnle,  on  wbich  the  number  of  vibrations  or  steps  are  indicated.  The  patentee 
also  attochesjhLi  pedometers  lo  an  ordinary  watch,  in  which  cose,  the  train  of 
wheels  and  other  ports  are  ploced  under  the  diol-plule  or  face  of  the  watch. 

PEN.  A  well-known  instrument  for  writing.  In  the  earliest  ages,  writing 
was  executed  with  alylei  of  metal  or  other  hard  substance,  which,  oiler  a  time, 
were  superseded  by  pens  and  coloured  inks.  The  first  pens  were  mode  of  reeds, 
or  small  hard  cones,  about  tlie  liie  of  the  largest  swan  quill*,  cut  and  mlit  in 
the  same  manner  aa  the  pens  in  present  use.  According  to  Isidore,  and  iome 
other  writers,  yuiU-pens  were  first  introduced  about  the  year  636  ;  they  did  not 
come  into  general  lUe,  however,  till  the  middle  of  the  seventh,  and  were  not 
common  till  towards  tbe  close  of  the  eighth  century.  Reed-pens  continue  to 
be  employed  up  to  tbe  present  lime,  for  writing  some  of  the  onental  langusges, 
and  by  artists,  for  sketching  outlines.  The  greater  number  of  pens  now  in  use. 
ore  made  from  tbe  quills  of  tlie  goose — those  of  the  swan,  turkey,  duck,  and 
crow,  being  occasionally  employed — Ilic  two  latter  exclusively  far  very  fine 
writing  or  drawing.  As  the  making  or  mending  of  quill-pens  is  to  many  per- 
sons diflicull  of  olluinmeni,  and  to  all,  at  times,  inconvenient,  various  attempts 
hove  been  made  to  render  the  process  less  frequently  required.  One  of  these 
methods  consisted  in  arming  pens  made  of  turkey-quilts  with  metallic  points 
or  nibs,  by  which  their  durability  was  somewhat  increased,  although  at  the 
expense  of  the  natural  elasticity  of  the  quill ;  nor  was  the  durability  suflieiently 
extended  lo  be  commensurate  with  the  addiiiouol  cbit.     To  do  away  with  tlia 
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witf  of  frequent  pen-mending,  Mr.  Bramah  took  out  a  patent  for  an  im- 
pnncment  In  pens,  wmch  consiited  in  diriding  a  cguilt  longituitinal]^,  and  cut- 
bug  it  into  four  or  aii  tengCha,  according  lo  toe  size  of  the  barrel.  Each  of 
these  pieces  farmed  a  pen — Mime  Ivo,  by  being  cut  at  each  end.  The  peni 
Ihm  formed  were  held  b  a  jointed  iitvcr  holder,  which  imparled  great  firmneai 
to  the  quill,  while  it  pemiitled  the  free  action  of  the  nibs.  Fcni  have  been 
nude  fltiRi  horn,  also  from  larloisc  and  other  ahelU;  hut  no  useful  application 
has  hitherto  been  made  of  such  pena,  aa  thej  are  more  expensive  and  even  leaa 
durable  than  ihoie  mode  from  quills.  Some  suceenfut  attempts  have  been 
tDode  tu  form  the  nibs  of  pens  of  precious  stones,  in  order  that  Ibe;  may  be  used 
■  tone  time  without  near  or  corrosion.  The  first  that  we  recollect  were  introduced 
bj  iiemn.  Hawkins  and  Itlordan,  whose  specificatian  of  IB23  alatea,  that  the^ 
tnake  use  of  tortoise-shell  or  hom,  instead  of  quills  ;  and  when  the  material  It 
cut  into  niba,  theae  parts  ate  loflcned  in  boiling  water,  and  then  sniall  pieces  of 
diamond,  ruby,  or  other  precioui  itonea,  are  imbedded  into  ihem  by  pressure; 
bf  this  means,  it  is  said  pens  of  great  durability  as  «ell  as  elasticity  are  made. 
To  giie  stability  to  the  nibs,  the  patentees  proposed  to  aiiil  to  the  tortoise-aheU, 
or  hora,  thin  pieces  of  gold  or  other  metal,  and  attaching  the  same  by  the 
heforo-mentioned  or  any  other  convenient  means,  as  cement  or  varnish.  It  is 
iikewiao  suggested  that  springs  may  be  placed  on  the  back  of  the  pen,  as  shown 
in  the  annexed  tieure,  which  may  be  slided  boekward  or  forward, 
to  Tory  the  elasticity  according  to  the  diiferent  hands  that  may  be 
required  in  writing.  We  are  informed  by  a  gentleman  who  had 
one  of  these  pens  many  months  in  constant  use,  that  it  had  exhi- 
bited no  signs  of  deterioration  or  wear.  Mr.  Doughty,  of  Great 
Ormond-street,  has  likewiee  devoted  much  attention  to  the  con- 
struction of  pens,  the  nibs  of  which  are  rubies  set  in  line  gold. 
They  are  said  lo  write  as  fine  as  a  crow-quill,  and  as  lirm  us  a 
iwan-quiU— loposgcas  considerable  elasticity,  andproduce  an  uniform 
manuacript,  unattainable  by  ordinary  pens.  JVli.  Doughty  states, 
that  "  some  of  his  ruby  pens  have  been  in  constant  use  upwards 
of  six  yean,  and  continue  still  perfect ;  and  that  if  a  little  care 
be  taken    of  the   nihs,   by  preventing    their  being   struck    against 

lurd  lobslances,  and  occasionally  washing  them  with  soap  and  wati 
littla  hnishitig,  ^ey  will  be  found,  notwithstandii:^  their  first  cost, 
pens."   The  rhodium  pens,  consisting  of  two  flat  stnpi  of  gold  placed  ai 
side  by  side,  and  tipped  with  a  hard  metallic  alloy,  are  very  durable, 

'  '    ''  J  nibbed.     Under  the  head  InxsTtirc,  we  have  given  i 


r,  with  a 
economtc 
angularly 
',  though 
I  Mr. 


Doughty's  contrivance  to  prevent  injury  to  his  pea-nibs  in  dipping  for  ink. 

The  first  decided  attempt  to  introduce  metaOie  pern  to  general  use,  was  made 
by  Mr.  Wise,  whose  "  perpetual  pens  "  will  doubtless  be  remembered  by  many 
ctf'  our  readers.  The  name  of  Wise  was  rendered  conspicuous  in  moat  of  our 
■talioners'  shops,  some  twenty-live  or  thirty  years  since,  as  the  original  inventor 
■ad  genuine  manufacturer  of  die  steel  penaj  uieyconsiated  of  a  barrel-pen  of  steel, 
mounted  in  a  bone  cose,  for  convenience  for  carrying  in  the  pocket  Notwith- 
standing his  productions  possessed  hut  in  a  very  remote  degree  the  requisite  pro- 
perties of  a  writing  instrument,  and  were  extremely  dear,  be  managed  to  make  a 
scanty  livelihood  out  of  the  business,  by  dint  of  unwearied  exertions  in  promoting 
their  sole.  Mr.  Donkin  subsequently  made  some  excellent  steel  pens,  but  the  price 
was  high,  and  the  demand  inconsiderable.  This  description  of  pen  has  recently 
been  very  much  improved,  especially  by  Mr.  Joseph  Gillott,  of  Birmingham,  who 
is  the  largest  manufacturer  of  steel  pens  in  the  world,  converting  annually  upwards 
of  forty  tons  of  fine  steel  into  writing  pens.  The  improvement  has  been  accom- 
plished by  employing  metal  of  a  better  quality  in  a  thinner  and  more  elastic 
state — by  making  the  slit  shorter,  and  by  more  carefully  attending  to  the  finish 
and  temper  of  tlie  pens.  These  improvements  in  quality  hare  also  been  attended 
with  so  great  a  reduction  in  price,  that  a  ^osi  of  the  improved  steel  nibs  may 
now  be  purchased  for  very  litUe  more  than  was  formerly  charged  for  oiu  of  Wiae's 
pens.  The  common  three-slit  pen,  that  is,  the  peii  with  a  slit  on  each  aide  of 
the  centnl  slit,  ia  with  many  peiaona  still  a  favourite,  and  some  of  theae  puia 
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Fig.  1.       Fig.  2. 


■eem  to  «iibody  axost  ot  the  adEanUgea  of  which  metallic  pens  an  nuceplibla. 
Heir  prciienl  excellence  and  extreme  chespness  leein*  lo  promise  the  almoit 
entire  disuie  of  quills,  although,  up  to  the  present  time,  there  bsi  been  no  falling 
off  in  the  demaud  for  tbia  article- 
Mr.  JameB  Pfrry,  of  London,  hu  contributed,  we  believe,  more  than  any 
other  individual  to  the  introduction  of  the  modern  improved  sleel  pen> ;  he  has 
brought  out  eeveral  ileel  peni  at  a  ver)'  ingenious  and  original  deacrlptioii,  and 
devoted  mote  than  ordinary  BltenlJon  lo  the  forming  tliem  lo  suit  a  »Bjiely  of 
handi  and  taslei,  which  he  regularly  dsoed,  sdvertined.  and  bumorouily  pi^ed 
in  rhyme,  by  which  means  he  acquired  a  celebrity  to  irhich  no  prcvioua  pen- 
mnker  had  allnincd,  Mr,  Perry  first  overcame  the  extreme  ngidily  of  the 
ordinary  sleel-pen,  by  the  introduction  of  apertures  btluten  the  lAouldm  and 
the  point,  thereby  makinc  (hem  elastic  below  instead  of  above  the  sbouliler : 
this  was  the  subject  of  his  patent  of  1830.  "  The  double  patent  Perryian 
pen."  the  merits  of  which  have  been  so  much  placarded  throughout  the  kingdom. 
received  its  odd  cognomen  from  the  circumstance  of  a  second  patent  taken  out 
by  Mr.  Perry,  in  1832;  the  pens  described  in  the  specificacion  of  irhich  arc 
represented  as  combining  the  superlative  qualities  of  both 
inventions.  %,  1  ii  a  sketch  of  Mr.  Perry's  "  double 
patent  pen,"  which  distinctly  shows  the  positian  of  the 
aperture  and  the  lateral  slits,  by  which  a  great  degree  of 
flaalicily  is  obtained.  /%f.  2  is  Mr.  Perry's  ingenious 
"  rcguloting-gpring  pen,"  consisting  of  one  of  his  patent 
pens,  with  the  addition  of  a  sliding  spring,  which  increases 
or  diminishes  ihe  flexibility  of  the  pen,  according  as  it  is 
placed  further  from,  or  neoirer  lo  the  poinL  In  anotlief 
instance  Mr.  Ferry  employs  the  elaslici^  of  Indian-rubber, 
by  twisting  a  thread  of  this  material  round  the  nibs  of  the 
pen,  the  yielding  of  which  permits  Ihe  opening  of  the 
points,  in  proportion  to  the  pressure  spphed.  The  care 
which  Mr.  Perry  takes  in  the  correct  manufacture  of  his 
pens,  has  mailJy  contributed  to  the  general  preference 
given  to  them;  for,  however  excellent  may  be  the  principle  of  Ihe  structure, 
if  the  workmanship  of  the  nibs  be  not  nicely  performed,  l!ie  pens  will  not  write 
wtlL  It  is  from  defects  of  this  kind,  we  believe,  that  many  apparently  excel- 
lent metallic  pens,  that  have  been  successively. brought  out,  liave  met  with  a 
comparatively  sraoU  sale. 

As  the  extremities  of  the  nibs  of  melaltic  pens  of  Ihe  ordinary  form  become 
worn,  ihey  progressively  increase  in  breadth,  until  they  become  useless,  unless 
their  oneinal  form  should  be  restored  by  skilful  filing,  or  grinding,  upon  an  oil- 
stone; these  being  operations  which  no  economist  of  time  will  perform,  at  the 
present  low  prices  of  the  article,  Mr.  Gillotc,  of  Birmingham,  took  out  a  patent 
In  1631  for  an  Improvement  in  metal  pens,  designed  to  remedy  the  defect 
mentioned.  This  he  proposed  to  effect  by  making  the  nibs  of  his  pens  parallel 
sided,  that  is,  an  equal  breadth  to  the  poinU  for  about  an  eighth  of  an  inch 
long,  Ihe  remaining  portion  or  upper  part  of  ihe  nibs  being  cul  either  inclined  ' 
in  Ihe  usual  manner,  or  lerminaling  with  a  shoulder  next  to  the  parallel  nibs. 
"  The  whole  length  of  such  aibe,"  says  Mr.  Gillolt,  "  may  of  course  be  worn 
away,  without  increasing  the  breadth  of  the  strokes  in  writing."  This  con- 
struction, it  however  appears  to  us,  wilt  not  only  fail  in  obtaining  the  advan- 
tages sought,  but  will  entail  disadvantages  to  (which  the  tapered  form  is 
comparalively  free;  namely,  a  greater  tendency  to  take  aset  in  opening  during 
the  downward  strokes  of  Ihe  pen,  and  a  deficiency  of  reacting  force  in  the 
up-strokea  lo  bring  the  nibs  together;  the  narrowness  of  the  points  abo  prerenti 
the  ink  from  flowing  down  in  suffidenl  quantity  to  give  a  constant  and  unfailing 
supply.  Mr.  Gillolt,  olthongh  a  pen  manufacturer,  is  evidently  no  great  pen- 
user,  for  all  persona  who  arc  in  the  habit  of  using  steel  pens  know  chat  in  • 
short  lime  the  abrading  action  of  the  paper,  produces  a  basil  edge  on  the  under 
side  of  the  nib,  converting  it  into  a  very  efficient  chisel,  which,  catching  ibe  paper 
in  the  up  strokes,  renders  the  pen  unfit  for  further  lue.     With  respect  to  th«ir 


wearhe  airajr  UDifonnIr,  Ihii  can  av 

TerticaDf ,  that  U  at  right  angles  to  tin    _  ... 

ordinary  writing  cannot  be  eiocuted.     This  icill  mt  once  (bow  die  Cillacy  of 

Mr.  GifloCt'i  propoaition;   Bad  it  would  appear  ai  if  Hr.  Oillott  «u  himadf 

contdouB  of  the  error ;   for  w«  have  never  mnt  with  any  of  hbjpnii  made  in 

ucordaace  with  bi>  patent,  that  is,  with  paraUfl  poiati,  but  u  it^  3,  which  b 

one   of  Mr.  Gillott'a   pens,   ai  now   monufactund ;       n,,  g,  pj.^  ^ 

otberwiw  thii  ia  a  pretty  good  pen,  and  ranka  wilh 

the  beat  of  the  Ihrt^^lit  clasa. 

The  poiilian  in  which  a  pen  i^  uiualty  held  cumm 
the  wear  to  take  place  in  an  inclined  dirri'Iiun,  slightly 
rounded  at  the  edgei,  and  the  right  hand  ttib  to  h« 
more  worn  than  the  left.  When  one  nih  becomaa 
ahaner  than  the  other,  the  longer  nib  bears  Iiaider 
than  the  afaorler  upon  the  paper  in  the  up-atrokei, 
and  produce*  thick  and  blotted  writinc;.  It  voi  pro- 
bably with  B  vie*  of  obviatinK  those  efTects  that  tha 
acribea  of  olden  time  wrote  their  letters  cither  uptight, 
or  inclining  to  the  left  hand,  both  of  which  modM  ara 
retained  by  the  lawyers.  Making  due  allowanca  fcr 
the  obaoleteness  of  many  of  the  characlera,  we  tUnk  it  mutf  b*  •dmitttd  that 
aueh  writings  pou«n  more  deameu  and  intelLgibility  of  ibrm  tliaii  onr 
tnodemited  wriiiDg. 

In  order,  however,  that  we  may  be  able  to  incline  onr  letten  in  tha  r^if 
direction,  and  yet  aave  our  pens  nom  rapid  deitnictiao.  Ml  mil  Mordan  ai.d 
Brockedoa  introduced,  and  patented  in  1831,  pena  wilh  indinad  alit^  wUek 
they  very  appropriately  desigiiaied  the  "  oblique  pen."  It  haa  been  atated,  oa  ■ 
well-anthenucated  fact,  that  ninety-nine  persont  m  erety  hmidred  Ikil  to  attMn, 
permanently,  the  art  of  writing  with  a  pen  in  th*  title  poahioii ;  that  li^  Wth 
the  iinnd  removed  a  Httlp  lo  the  right,  and  the  lip  of  tha  pen  pontiiig  to  the 
right  shoulder,  when  the  iTit  of  the  pen  will  be  in  tha  djraetian  of  the  writingi 
and  both  of  the  nibt  addressed  fairly  to  Ifae  paper,  fig.  4  b  a  lepreeentatioB 
of  Menn.  Mordan  &  Co. 'a  obh'que  pen.  The  direction  of  the  alit  m  Qua  pen 
hemg  that  in  which  the  writing  naually  slopea  at  an  angle  of  idraut  thirty-6ve 
d^reoi,  both  niba  are  brought  equally  down  upon  the  paper — (he  writer  is  not 
confined  to  any  particular  position,  but  at  liberiy  to  use  the  pen  freely,  without 
the  reatraint  of  attitude,  so  itron^ly  inaiated  upon  by  teachers  of  writing.  He 
action  of  the  oblique  steel  pen  is  altogether  remarkably  good,  and,  from  the 
ahane  of  the  nibs  immediately  below  the  shoulder,  it  has  a  moat  excellent  spring, 
ptMucing  a  pleaiing  effect  both  in  the  uj>  and  down  strokes  of  the  writing ;  rt 
gbdat  smooUily  over  the  paper,  and  la  altogether  free  from  the  harsbncM 
ao  much  complained  of  in  ateel  pens.  These  oblique  pens  are  made  of  the 
beet  ateel,  in  a  tery  thin  and  nighlj  elastic  state  \  the  arched  form  givea 
dw  requisite  strength,  where  it  is  neceaiary  they  shoold  be  firm  and  un- 
yielding,  and  alio  enables  them  to  carry  more  ink  than  any  previoni  pen*> 
lie  ai^antageous  property  of  this  narticular  form,  for  holding  a  large  quanti^ 
of  ink,  was  at  once  perceived  by  other  maoufacturen,  and  led  to  the  construo- 
timof  the  Lunar,' GonidoD,  and  some  other  aimilarpena.  Meatn.  Mordan  &Co.'s 
^leciGeation  describes  a  Tsriety  of  tnodificatioiu  of  pens  and  pen-bolders,  illua- 
trated  ^rj  numerous  figures.  In  the  first  place  are  shown  quill-peni  and  portable 
pen^  (the  latter  implying  short  pieces,)  having  inclined  slides,  and  metal  pens 
aimilBrly  formed.  To  apply  the  principle  to  pens  cut  in  the  usual  manner,  with 
attaight  or  longitudinal  slits,  handles  are  nrovided,  which  have  at  their  lower 
ends  curved  metal  arms,  with  clips  or  holders,  which  fix  the  pens  at  an  anele, 
diverging  from  thirty  to  forty  degree*  out  of  the  line  fortara  by  the  handle*. 
Some  of  these  pen-holders  are  furnished  with  jointa  and  set-screws,  to  enable 
the  writer  to  place  the  pens  at  such  an  inclination,  with  respect  to  the  handle,  aa 
win  accord  with  the  inclined  position  of  the  letters  he  u  making.  The  lataat 
bapOTcment  b  steel  pens  b  one  br  Hr.  Gawland,  eonsittiiig  in  the  introdndiaai 
€t  an  additioBil  nib.    The  foll<nriii|  ongranngi  repmnil  thrae  pcni  of  dni 


ileaciiption,  a»  manufactured  by  Meajts.  Mordan  &  Co.,  uuder  a  rerenl  patent 
%.  6  ore  bock  and  ride  «ewi  of  Mesars,  Moitlan  arid  Co.'*  patent  lUree- nibbed 


i!ifr-pen.  Fig.  ' 
iw  itie  Birmingli 
the  additional  nib  i 


:b  of  these  pens, 

fotnied  by  cutting  it  out  of  the  stem  or  shank  of  the  pen, 

uperfluity  of  meinl,  and  turning  it  back  over  the  other 


where  there  is  alvaya  (  .  .  ^ 

niba.  Fig.  7  are  back  and  tide  views  of  Mordaa  &  Co.'s  patent  three-nibbed 
eoattter-obUqae  pen.  Muny  pcraons  having  been  Btrongly  prejudiced  against 
the  one-sided  appearance  of  the  original  oblique  pen,  Messrs.  Mordon  &  Cn. 
were  induced  to  nltempt  on  improvEment  in  this  respect,  and  they  have  fully 
succeeded.  Tbe  improvement  bos  been  accompli  shed  by  the  introdiiction  of  an 
additional  shoulder,  opposed  to  the  fomrer.  Tliis  novel  and  curious  pen  has 
been  very  much  admired,  and  it  is  as  useful  as  curious;  it  has  the  advantage  of 
holding  a  very  considerable  quanti^  of  ink,  and  of  retainiug,  from  its  obliquity, 
B  position  adapted  to  the  slope  of  the  vriting.  irhile  to  the  eye  B  perfect  equi- 
librium is  preserved.  The  effect  of  the  third  nib  iu  metallic  pens,  is  lo  enable  the 
en  to  carry  a  larger  quantity  of  ink,  and  to  force  it  down  in  uniform  and  ncvcr- 
iling  succession  to  the  paper.  Every  time  sucli  pens  are  pressed  on  the  don-n- 
■trokes  of  the  writing,  the  ink  flows  in  a  body  towards  the  point  from  the  effect 
of  capiUan  attraction,  at  the  precise  time  when  it  is  moat  wanted.  This  result  is 
produced  by  the  third  nib  forming  a  conical  tube  with  the  other  nibi  of  the  pen, 
with  its  smallest  end  downward,  and  always  causes  the  ink  to  flow  equally,  u 
much  on  the  centre  of  the  down-ttrakes  as  the  two  points  of  the  pen  itself. 
The  cBpilUry  attraction,  which  is  brought  into  operation  in  this  ingenious  con- 
trivance, completely  coimtcracts  the  defects  existing  in  other  pens,  arising  icrm 
the  opening  in  the  slip  tapering  \d  the  opposite  direction  to  that  which  is  requi- 
site, for  the  purpose  of  fairiy  conveying  the  ink  to  the  paper ;  of  this  any  one 
maycon\-ince  himself  by  pressing  the  points  of  any  ordinary  pen  on  the  thnmb- 
natl,  until  the  slit  opens  wide  enough  for  large-text  writing,  when  the  ink  will 
instantly  recede  from  the  points  towards  (he  upper  extremity  or  angle  of  tbe 
slit.  Capillan  attraction  always  causes  fluids  to  flow  towards  the  narrowest 
,iurt  or  opening  of  every  conical  tube;  and,  therefore,  in  three-nibbed  pe  a, 
the  ink  is  forced  down  upon  the  paper,  and  the  thickest  ink  would  be  propelled 
Jownwarda  most  effectuajly  by  the  action  of  the  three  nibs.  Another  advantage 
of  the  third  nib  is,  that  it  clears  the  slit  of  the  pen,  removing  the  fibres  ai  ll.ey 
ore  gathered  from  tbe  paper,  thereby  removing  the  greatest  objection  that  baa 
hitherto  existed  to  the  use  of  metallic  pens. 

The  following  is  the  process  of  making  steel  pens,  as  witnessed  at  the  exlfo* 
aive  and  well-conducted  manufactory  of  Messrs.  Mordon  St  Co.,  Costlc-street, 
Finsbury,  whose  liberality,  condescension,  and  urbanity  to  visitors  on  all  occa- 
sions, is  gratefully  acknowledged  by  many  individuals  who  have  in  vain  endea- 
voured to  obtain  a  sight  of  this  interesting  process  elsewhere.  A  hardened  steel 
iinnch  and  matrix,  of  the  exact  siie  and  shape  of  the  pen  lo  he  made,  having 
Deen  attached  (o  a  powerful  fly-press,  sheet  steel  of  the  linest  quality,  reduced 
lo  about   '   of  an  inch  in  thickness,  and  in  strips  of  two  inches  and  a  half  wid<^ 
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i  ever;  pen  ii  ttruek  out  lingly,  till  the  metal  ii  exhaiuted.  la  tliis 
tit  the  pens  are  cstled  biank»  or  Jlatt.  Ally  cutting  out,  tlw  next  operatiim 
loftcnicg  or  annealing;  this  is  peifarmcd  by  puiting  a  great  number  of  the 
K  ^>t>  into  an  iron  box,  vith  a  amaU  quaiitily  of  tallow  on  Uie  top  of  them  ;  the  box 
•ting  abut  up  dote,  h  placed  in  a  lurnace,  and  there  Ictpt  uiilil  the  box  appears 
to  be  cqiioUj  healed  all  over.  The  box  ia  then  nithdranc,  and  the  pent  emptied 
oit  iqwn  lome  hot  aihes,  covered  with  the  >ame,  and  left  ta  cool  gtaduoUy.  Bj 
tlui  meam  the  pens  are  Buffideiit])r  lotleiied  for  the  mbiequent  ptoeeu ;  but  aa 
&e  flat)  ate  very  rough  wad  acaly  from  the  eSecta  of  the  fire,  they  are  fint 
cleaned  by  being  placed  in  a  mechanical  agitator  with  land,  aihei,  &c.,  and 
veli  ihaken  for  an  hour  or  tvo,  which  reodera  them  remarkably  dean  and 
HDoMh.  The  makers'  name  having  been  itamped  on  the  ehonk  of  each  pen, 
and  the  apertures,  if  any,  cut  out,  they  ore  marked  for  ibe  siiti.  This  is  done 
with  a  very  iharp  chisel,  worked  by  a  fly-press,  and  BO  exquisitely  adjusted  as 
Mlljr  to  cat  through  two-thirds  of  the  tludcnew  of  the  metal.  'lliii  done,  the 
■est  opCTBtion  is  the  diihiog.  A  hardened  steel  punch,  of  the  precise  form  to 
be  given  to  the  p«n,  being  attached  lo  a  fly-press,  a  die  is  placed  hcncalli  to 
receive  it;  the  die  being  concave,  and  the  punch  convex,  and  both  being  made 
•o  OS  b>  fit  each  other  «ith  the  greateat  accuracy,  the  Jlat  is  forced  into  the 
cavity  of  the  die,  and  retains  permanently  the  form  thus  given  to  It.  The  pens 
being  dished  are  next  hardened,  by  being  placed  in  the  iron  box,  and  heated  as 
in  the  soflening  proceaa,  except  that  they  are  now  cooled  raddenly,  by  being 
thrown  into  a  veisel  of  cold  water  or  oil.  When  the  pens  are  quite  cold,  tliey 
are  taken  out  of  the  water,  and  placed  in  a  cullender  to  drain.  When  dry,  they 
are  put  into  the  agitator  with  a  quantity  of  sawdust,  and  shaken  for  a  conside- 
rable time,  which  cleans  and  poiishea  them,  giving  a  degree  of  amoothnesa  and 
ftuah  to  the  nibs  unattainable  by  any  other  method  equally  economical.  The 
m/iiii  liii  is  an  ingenious  piece  of  mechanism,  invented  by  Mr.  Mordan  ;  it  con- 
Mti  of  a  large  tin  cylinder,  sup^rted  horizontally  by  two  cranked  axles — one 
■t  either  end, — upon  a  strong  iron  frame ;  another  axle,  mounted  upon  anti- 
Uctioa  wheels,  at  the  end  of  ue  machine,  carries  a  winch  handle  and  a  heavy 
fly-wheel ;  upon  this  axle  is  also  placed  a  driving  wheel,  a  rigEer-bond  from 
which  puts  the  crank  in  motion,  and  communicates  a  very  rapid  elliptical  move- 
ment to  the  cylinder  and  its  contents.  By  this  contrivance  the  pens  are  very 
ifliiliiallji  polnhed,  and  made  teadj  for  the  next  proceu— tempermg.  This  is 
done  byplaciaglhepeiis,  a&w  at  a  time,  on  a  stove,  heated  to  the  proper  tem- 
— laluia :  ao  mod  at  a  bright  hhie  colour  it  obtained  they  ore  removed,  ibis 
og  the  temper  Mtt  tniled  to  steel  peiu.  The  lut  operation  is  that 
le  iUts,  iv,  at  tome  call  it,  cradamg  the  ihli ;  this  smgutar  process 
J  placing  about  a  quarter  of  an  in^  of  the  pen's  point  between  a 

^ ._        ill  nippets,  and  pin<^ing  them  suddenly,  when  the  slit,  which  was 

tmij  cat  two-thirds  of  the  wa^  through,  is  completed  by  the  giving  way  of  the 
nmaiader  of  the  metal.  This  unique  procest  fita  the  pen  tix  immediate  uae ; 
MBo  nunnCsottireta  odd  a  coat  of  lacker,  but  this  is  not  of  much  real 

Itnai  often  been  nippoted  that  other  matertalt  would  be  equally,  if  not  more, 
anttaUa  than  steel,  for  the  manufacturing  of  pens;  those  penona  who  have  paid 
Mort  attention  to  the  subject,  however,  are  decidedly  of  oinnion  that  no  kind  of 
Witl.  however  fina  iti  texture  may  be,  or  whatever  propertiea  it  may  pooeas, 
«3I  ever  be  able  to  compete  with  fine  well-tempered  st*^ 

Many  of  the  steel  pens,  as  now  manufactured,  we  find  of  excellent  quali^ ; 
many  hundred  pege*  of  thii  work  have  been  written  with  oaa  pen,  m  a  uniform 
dear  hand.  After  writing  with  it  about  fbr^  PV>  "  unially  renew,  and 
even  much  improva  the  oihe  of  a  now  pen  bjr  a  few  touches  of  a  dry  Turkey 
atone,  aiding  the  eight  whh  a  pair  of  magniijing  ipectaelea,  in  order  that  the 
bna  of  the  extrame  end  may  be  duly  pofectedi  tfui  procesa  will,  however,  be 
fiinnd  difficult  of  accomplishment,  at  fint,  by  pertona  unaccustomed  to  the  point- 
ing of  delicate  inttniments,  and,  at  the  present  low  prices  of  the  artide,  acarcely 
worth  the  trouble ;  but  the  ability  to  perform  thia  operation  at  pleature  upon 
'  ■   '         '         '   "le  itatianer's  shop. 
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In  ourlirii-rftccDuiit  of  tliia  navel  anil  admirable  mannfncturr,  vc  arc  aeniiblr 
of  liaving  omiileil  lo  notlcp  a  variety  uF  exirellciit  ttecl  p«iig,  but  our  ftlloltod 
■pace  eumpcU  us  to  proceed  lo  the  descnjition  nf  a  diS^rent  class. 

Fomilaia  Pem.  A  great  number  of  ingeoiouB  ■ttempti  have  been  made  lo 
eunitnicl  p*n>  cnntaiuing  a  mentat  at  ink,  wliich,  by  a  slight  jm»urc  on  the 
handle,  or  olber  part,  might  cause  *  fresli  mpplyof  Ihefliud  lo  now  lo  the  nibs, 
and  thua  Mlpenicde  the  upccsaity  of  an  ink-ltand.  Of  ihi.t  kind  is  the  penograph 
rf  Mr.  Scbtffer,  manufacturi^d  by  Mt^rara.  Mordun  &  Co.,  in  which  the  pressure 
of  the  thumb  on  a  projecting  itud  in  the  holder  causes  e  continuous  lupply  of 
ink  from  the  reservoir  la  Oow  into  the  pen. 

Mr.  Parker'*  Jlgdraulic  Pen  ia  a  more  recent  contrivance  for  the  same 
purpote.  In  this  machine  a  jnaton  is  made  lo  work  up  and  down  in  a  cylin- 
drical tube  by  means  of  a  revolving  nut  actinE  upon  the  piston  rod,  which  ia 
lapped  with  a  correaponding  tcrew.  Ilia  small  oriiicc  at  the  bolioni  of  the 
holder  being  immersed  in  ink,  the  turning  of  the  upper  portion  of  the  holder 
causes  the  piston  to  ascend,  and  the  tube  becomes  filled  Willi  ink  ;  on  gradually 
lurning  the  nut  in  the  opposite  direction,  the  piston  descends  and  foreei  tha 
ink  down  into  the  pen.  Mr.  Parker  has  token  out  a  patent  for  his  invention ; 
but,  if  we  mistake  not,  Mr.  V/,  Baddeley  proposed  an  apparatus,  precisely 
umtlar,  a  long  time  since ;  for  which  ace  the  Mtchanki'  Magaxme. 

As  a  descripiion  of  all  the  contrivances  of  this  kind,  however,  would  occupy 
many  pages,  we  shall  limit  our  account  to  one  of  a  very  simple  and  unexpensivc 
kind,  the  invention  of  a  correspondent  of  the  Jtrgitler  of  Jrls.  '•  The  pen  ia 
made  of  two  quills;  the  lop  one,  which  I  shall  call  No.  1,  and  the  other,  No.  2. 
Lei  the  end  of  No.  1  be  made  air-tight,  by  dropping  ioude,  lo  the  lMilt«m,  a 
small  piece  of  cobbler's  wax.  and  then  warming  it  a  little :  fill  this  nearly  wilh 
ink, — aay  about  a  quarter  of  an  inch  froni  the  Inim, — then  take  a  amalf  piece 
of  cambric  and  cover  the  lop  of  il,  so  that  the  ink  may  not  drop  out;  join  both 

?uills  together,  by  putting  No.  I  into  No.  2,  and  the  pen  is  ready  for  uh. 
Vben  you  want  lo  write,  take  the  pen  in  your  right  hand,  give  a  gentle  aback 
on  your  left  band,  or  on  a  table,  and  the  ink  will  nin  down  into  the  pen  imme- 
diately ;  this  must  be  repeated  every  lime  ink  is  wauled.  A  pen  ol  Ihis  kind 
win  be  found  very  uaefiil  to  reporters  and  lo  pciaona  irarelliug.  The  pen  should 
be  put  into  a  little  cafe  to  cany  it  about." 

Pent  (dramng). — By  this  term  is  commonly  undrrstood  the  mechanical 
drawing-pens,  conaiating  of  a  pair  of  delicalel^'-rormed  steel  hludea,  the  ends  of 
which  are  drawn  togettier  and  adjuswd  by  means  of  n  fine  aet-sorew ;  these 
pens  are  mounted  with  handles  of  various  matcriAls,  but  those  of  ivory  or  ebony 
are  deservedly  preferred.  These  instrumentl  are  manufactured  by  Mr.  ElUolt, 
of  High  Hotbom,  in  the  highett  perfection.  The  extremities  of  the  steel  bladas 
which  form  the  pen  should  be  very  nairow  ellipaea,  and  should  perfeclly  meet. 
without  the  minutest  projection  of  one  piece  over  the  other.  The  outside  of  the 
elliptical  end  should  be  rubbed  on  a  hone  nnlil  it  is  as  thin  aa  the  edge  of  • 
knife  :  in  this  state  the  points  would  cut  the  paper  ;  hut  the  sharpDoa  must  be 
taken  off  by  gently  drawing  them  over  the  atone  upon  their  edges,  and  finishing 
iheiD  upon  a  soft  polishing-atone.  A  amoothnesa  is  thus  given  to  their  edges, 
which  makes  them  glide  over  the  paper,  although  they  will  atill  be  lefl  so  Oaa 
that  tlieir  edges  can  scarcely  be  discerned.  By  this  muiBgement,  lines  may  be 
drawn  while  the  points  of  the  pen  are  at  a  distance  from  each  other,  not  per- 
ceptiblv  exceeding  the  breadth  of  the  lines  produced,  which  is  of  conaequeliee, 
not  only  to  the  equable  flow  of  so  viscid  a  fluid  aa  Indian  ink,  but  to  obtttining 
■  well-defined  atroke. 

A  drnwing-peu  was  lalaly  presented  to  tlic  Society  of  Arts,  by  Mr.  Bryao 
Oonkin,  which  he  had  brou^t  from  France.  It  is  c^culated  to  make  lm«a  of 
only  one  uniform  thickness:  the  cavity  which  contains  the  ink  being  enclosed 
alt  roimd,  keeps  it  free  from  dusi,  and  prevents  it  from  drying,  end  clogging 
the  drawing-point  so  ijuickly  as  those  of  llie  ordinary  construction.  Fiff.l  (Ic 
the  following  page)  shows  the  pen,  with  the  handle  broken  off;  a  and  b  are  the 
two  limbi,  jointed  at  r,  and  held  close  by  the  sliding  ring  d;  the  dotted  lines 
represent  the  upper  portion  a  as  opened,  to  receive  lh«  ink,  with  the  ring  d 


I    riidden  back  bevond  the  joint.     Fig.  2  sliows  Ihc  underside  of  the  limb  a,  in 
'  c  u  the  hole  in  receive  tlie  centre-pin  ;   e  a  the  cavity  t 


d  (that  11,  lo  make  s  line  of  only 
tlticknos,)  «aa  invented  by  Kir.  Itobert  Chrialic ;  and  having 
made  leTeral  accordinf  to  his  inatnictioni,  nhich  answer  very  wtl' 
for  tracing,  ai  it  moves  with  eqaal  facility  in  any  direction,  w< 
inteit  a  nobce  of  it  in  tliia  place.  The  annexed  cut  rcpreacnl: 
one  of  these  pens,  in  A  ncatly-lnmed  handle;  but  wo  made  ibem 
■t  the  lolid  end  of  black-lead  pcucLLi,  for  the  convenience  of  readily 
tEDDg  either  lead  or  ink.  Tbc  process,  as  directed  by  Mr.  Christie, 
i*  ai  follovs : — A  piece  of  ecoling-wax,  about  the  Kie  of  a  mar- 
rowfat pea,  is  to  be  ituck  upon  the  end  of  tbc  pencil,  by  melting  it, 
ionaiag  thereby  a  bulb,  into  which  arc  to  be  inserted  three  darning- 
needles,  by  wanning  their  eyes  in  the  florae  of  a  CEiidle,  Uld  then 
hmyiag  them  in  the  wax,  at  equal  distance!  apaH,  around  the 
eirctiiiiference  of  the  pencil,  with  their  pointa  extending  about 
thne-qiiarten  of  an  inch  beyond  the  end  of  it ;  but  brought 
together  ao  aa  to  meet  aa  accurately  as  possible  at  a  common 
Ibciu,  fortiitag  the  outline  of  a  triangular  pyrsniid :  to  secure  them, 
■BOthei  piece  of  wax,  about  the  liie  of  a  grain  of  wheat,  Ii  to  be 
placed  imdway  betwaen  the  bulb  and  the  pointa,  and  leclu'ed  there 
WmehinK  it-  The  very  acute  poinu  of  the  needle*  are  to  be  taken 
oaby  light  rolling  touches  upon  an  oil-ctone,  and  the  roggcdnest, 
by  aliUlpfine  emery-paper,  so  aa  to  produce  an  obluae,  conical  end; 
the  pen,  when  thus  completed,  bos  of  course  a  very  fine  triangular 
bole  between  the  needle-pointi,  through  which  the  ink  uniformly 
flows.  We  have  seen  some  of  these  pens  made  by  inserting  the 
needles  into  drilled  holes,  made  in  metal,  at  the  end  of  neat 
liandlet,  in  which  the  needles  were  so  nearly  brought  together 
where  thn  are  inserted,  aa  not  to  need  the  smaller  bulb  nearest 
l«  the  pomta.  The  ink, flows  freely  in  them,  and  there  is  the 
Mma  EacQity  in  using  them  as  a  finely-pointed  HUH  black-lead 
pencU.  They  answer  wcQ  for  Iraeitig,  as  before  observed;  but  we 
aa  not  think  them  equal  to  the  cotnmoa  forcepa-formed  drawing- 
pen  for  rubng  clear  lines. 

Rulwlff-peni,  for  common  use,  are  made  by  dotiUiog  a  piece  of 
lin-plate  together,  and  nmnding  the  ends,  the  middb  being  bellied 
brtheteoeption  of  ink.  Pent  of  this  deacriplioa  were  coostaiitly 
•aed  bv  nuing  MCtmnt-bot^  &c,  previoas  to  the  introductimi 
«f  ibe  mliDg-maclnne,  which  entirely  superseded  hand'niling. 


■  f 
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RuliDg'penB  foT  the  machine  ore  made  of  thin  sheet-biasi  or  latlea,  in  long 
■trip4,  the  pens  being  cut  on  the  edge,  and  folded  togelher  at  vnrioua  distancei, 
according  to  the  paltem  to  he  executed. 

Mane-paa  are  made  for  ruling  the  five  stavei  of  music  at  once ;  they  conuii 
of  a  paraJleli^Ttun  of  bran,  terminating  in  five  slit  points,  communicating  with 
a  small  reserroir  above,  in  which  the  ink  is  plac^.  They  are  fitted  with  a 
handle,  in  the  hoUow  of  which  a  small  piece  of  brau  is  carried  for  cleaning 
— '  '''e  ink  paisagcs  of  the  pen.  The  accompanying  engraving  ihowt  the  con- 
'  ~  n  of  this  very  useAu  and  ingsnious  apparatus. 


Dol^igfeta,  for  writing  music,  consist  of  a  amall  bran  cylinder,  in  which  a 
pin  of  the  same  material  works  vertically,  being  kept  down,  and  projecting 
about  the  tenth  of  an  inch,  by  a  spiral  spring  in  the  upper  pan  of  the  yet. 
An  elliptical  opening,  about  halfway  up  the  pen,  receives  tlie  ink.  When 
placed  upon  the  paper,  the  brass  pin  recedes,  and  cauwi  the  ink  to  make  a 
round  black  spot  on  the  paper,  forming  a  note, — the  tail  being  suppUed  after- 
wards with  a  common  pen. 

PENCIL.  An  instrument  used  by  painters  for  laying  on  their  colours  i 
they  are  of  various  kinds.  Tlie  larger  sorts  are  made  of  hoars'  bristles,  tlie 
iliiok  ends  of  which  are  bound  to  a  stick,  large  or  small,  according  to  the  uses 
they  are  designed  for;  these,  when  large,  aru  termed  bniabes.  The  finer  sorts 
of  pencils  are  made  of  camels'  hair,  also  badgers'  and  squirrels'  hair,  and  of  Ihc 
doim  of  swBDS ;  these  are  tied  at  the  ends  by  a  piece  of  thread  to  keep  the 
liair  from  spreading,  and  the  other  ends  are  enclosed  in  the  barrels  of  qutlls  of 
various  sizes,  suited  to  the  pencil,  some  of  which  are  of  small  birds,  as  thuic 
used  for  drawbg  lines,  and  m  miniature  painting.  The  usual  test  of  a  good 
pencil  is  to  draw  it  between  the  lips,  when  it  should  come  out  with  a  sharp, 
cunical,  and,  as  it  were,  solid  point. 

PsHctL  is  also  ao  instroment  used  for  drawing  and  wiidng,  made  of  long 
slipa  of  black-lead,  chalk,  or  crayon,  placed  in  a  groove  made  in  the  centre  of 
a  stick  of  wood,  usually  cedar,  on  account  of  the  facility  of  cutting  it.  The 
veiy  common  black-lead  pencils  that  are  hawked  about  are  a  composition  of 
powdered  black-lead  and  melted  sulphur.  Their  melting,  or  softening,  or  yielding 
a  bluish  flame,  on  application  to  the  flame  of  a  candle,  betrays  their  compo- 
aition.  The^uine  black-lead  pencils  are  made  of  the  fine  CumberUnd  plum- 
bago, sawed  into  slips,  licted  into  the  grooves,  and  having  another  piece  glued 
over  them.  The  pure  plumbago  is,  it  is  said,  too  sott  to  enable  an  artui  to 
make  a  fine  line ;  to  produce  this  cSect,  a  hard  resinous  matter  is  intimately 
combined  with  the  lead  in  the  following  way,  which  is  said  to  be  the  invention 
of  Mr.  Cornelius  Varley.  Fine  Cumberland  lead,  in  powder,  and  shell-lac  are 
first  melted  together  by  a  gentle  hcaL  This  compound  is  then  reduced  to  powder 
again  and  rc-meltcd ;  then  powdered  again  and  re-melted,  until  both  siibelances 
are  perfectly  incorporated,  and  it  has  acquired  a  perfectly  uniform  consistence. 
The  mass  is  then  sawed  into  slips,  and  glued  into  the  cedar  mountings  in  tho 
usual  manner  of  making  otiier  black-lead  pencils.  To  render  tbem  of  various 
degrees  of  hardness,  the  materials  are  differently  proportioned ;  the  hardest 
bavine  the  most  shell-lac,  the  softer  hut  very  little,  and  the  softest  none ;  and 
their  blackness  is  increased  in  proportion  to  their  softness. 

Mordan's  "  ever-pointed  pencils ''  were  the  subject  of  a  patent  granted  to 
Hawkins  &  Moidan,  in  1623.  The  pencil-case  has  a  slider,  actuated  by  a 
screw  for  tlie  purpose  of  projecting  fbrward  a  little  cylinder  of  black-lead,  as  it 
wean  away,  miicii  ii  done  by  holding  the  noxilc  iu  one  hand,  and  turning  round 
the  pencil-case  with  the  other,  the  thickiic^  of  the  lead  being  so  tmall  as  ntU 


eutling  for  the  ordinary  nurpoaa  of  a  pocket-pendl.  ^1  is 
a  tcGoa  of  the  pendl-caBe  i  A  ihe  bisck-lekd  or  crayon,  encomputed  by  ihc 
nonle,  which,  with  the  whole  of  the  caie,  ia  made  of  metal,  uiuallj  nlTFr.  B 
■  the  drirer,  being  a  hollow  cylinder  with  a,  screw-thread  round  ■  part  of  it ; 


» 


al  the  end  of  thii  eerew  the  bUck-tcad  t>  I'nterted  and  held  fast ;  C  ii  the  elon- 
gated part  of  tho  driver,  which  pasies  through  the  f:uide  D ;  at  E,  within  the 
outer  case,  ii  another  cylindrical  piece,  connected  to  ibe  nozzle  at  one  end,  and 
ba*ing  st  the  other  a  hollow  «ctdw  that  worka  round  on  the  thread  of  the 
drirer  B,  and,  aa  it  turns,  causes  the  projector  to  advance  or  recede,  as  may  be 
required.  These  pencil-cases  have  had  an  immense  sale,|and  hare  been  improved 
upon  in  a  variety  of  ways  during  the  lait  ten  years. 

PENDULUM.     A  vibrating  lever  or  siupended  weight     See  Hoeoloqt. 

PKNSTOCK.  A  sluice  or  floodgate,  serving  to  retain  or  let  go  at  pleiuure 
the  water  of  a  mill-pond. 

PEPPER.  A  weU-known  spice,  of  which  there  are  three  kinds,— the  NaeJi, 
the  ahilt,  and  the  lon^i  pepper;  to  the»e  we  may  now  odd  a  fourth,  bleackti 
pepper,  a  patent  process  which  the  black  pepper  undergoes  in  this  country  to 


e  of  the  piuolB,  of  which  there  are  usually  a  thousand  in  each  garden 
The  pepper  vines  are  supported  by  chinksreeDa,  which  are  cuttings  of  a  tree  of 
that  name  planted  on  purpose.  Two  pepper  vines  are  usually  planted  Co  one 
chinkareen,  round, which  the  vines  twiit  tur  Bupport.  AfWr  iieing  auiTcred  <u 
crow  for  three  years,  ihey  arc  cut  oil'  about  three  feet  from  the  gnniiid,  and, 
beiiig  looaened  from  die  prop,  are  bent  into  the  earth  in  such  •  manner  that  the 
i^per  end  is  returned  to  the  root  The  fruit,  which  is  produced  in  long  spikes,  is 
Joor  or  five  months  in  coming  to  maturity  :  the  hemes  are  at  fint  green,  turn 
to  a  bright  red  when  ripe  and  in  perfection,  and  soon  fall  off  if  not  gathered  in 

~-- — Ttune.  By  drying  they  t 1-1--1-  — j 1 1— :— ii-j »;— 

ir  d^ree  of  maturi^. 

The  common  white  pepper  ia  the  fruit  of  the  Mine  plant,  differently  prepared. 
It  ia  steeped  in  water,  and  then  exposed  to  the  heat  1^  the  lun  for  several  days, 
till  the  rind  or  outer  bark  loosens ;  it  is  then  taken  oat,  and  when  it  is  half 
dry  rubbed  till  the  rind  falls  off;  and  the  white  fhiit  remaining  i*  dried  in  the 
aon.  A  great  deal  of  the  heat  of  the  pepper  a  taken  off  by  this  process,  so  that 
tlie  white  kind  is  more  fit  for  many  purposes  than  the  black. 

The  long  pepper  ia  a  dried  fruit,  or  an  inch  or  an  bch  and  a  half  in  length,  and 
dnat  the  uuckness  of  a  Urge  goose-quill ;  it  is  of  a  brownish  grey  colour,  cylin- 
drical in  figure,  and  said  to  be  produced  on  a  plant  of  the  same  genua.  It  is  a 
native  oif  the  East  Indies,  especially  Java,  M^abar,  and  BengaL  Thii  &uit  is 
botteat  to  the  taate  in  its  immature  slate,  and  ia  therefore  gathered  while  green, 
•nd  dried  by  the  heat  of  the  sun,  when  it  changes  to  a  blackish  or  dark  grey 
colour.  Dr.  Cullen  obserret,  that  long  pepper  hat  preosaly  the  same  quaUtiet 
with  those  of  black,  but  in  a  weaker  degree. 

The  method  of  preparing  the  bleached  peppai  4)pean  to  be  engrosKd  by 
Mr.  Fulton,  of  London,  who  ba*  Uken  out  two  patents,  one  in  1828,  the  other 

in  183a     By  the  specification  of  the  first  we         — ' =  ■'^  -   - 

bUck  peppet  is  steeped  in  water  fiir  a  day  or  tw< 
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■ioDalljr  turned;  fi^nnenUtion  eniuei,  end  in  a  apace  of  tiaie,  varying  from  a 
week  to  >  mondi,  the  outer  or  black  skin  bursts  aod  falU  oS.  The  pepper  ii 
then  bleached  by  oxyDiuTiale  of  lime,  Eulpbur,  or  other  well-knovn  means. 
This  done,  Jl  ii  iraihed,  and  Inatl)'  dried  in  tlie  air,  or  in  an  oven.  Block  pepper 
thus  melntnorphoBed,  bo  exactly  resembleB,  it  is  said,  the  genuine  while  pepper 
as  Id  deceive  experienced  dealers.  In  the  Eecoiid  patent,  Mr.  Fulton's  claim 
seems  to  be  in  the  inverse  ratio  of  hia  invention ;  for  he  has  invented,  he  saya, 
the  application  of  a  comiDon  eroat  or  barley-miU  to  the  cleaning  of  pepper  from 
the  husks,  and  he  claima  the  exclusiTe  right  to  use  all  sorts  of  machineiy  in 
preparing  pepper. 

The  public  should  be  upon  their  etiard  against  the  quantities  of  spurious 

Ecpper,  iKilh  whole  and  ground :  the  latter  is,  of  course,  easily  counterfeited  ; 
ut  the  mnnufacture'of  the  former  is  somewhat  ingenious.  The  pepper  dual  Irom 
the  sweepings  of  warehouses  is  mixed  with  oil-cake^  and  rolled  up  into  little 
balls  resembling  pepper. 

PERCUSSION,  Centn  of,  in  any  body  or  system  of  bodies  revolving  about 
a  point  or  axis,  is  that  jioint  which,  staking  an  immovable  object,  the  whole 
mass  shall  not  incline  to  either  side,  but  rest  in  ei^uilibrlo  without  acting  on  the 
centre  of  suspension.  If  a  person  attempt  to  strike  any  object  with  b  straight 
stick,  and  do  not  strike  it  in  the  centre  of  percusBton,  a  considerable  jarring  will 
occur,  which  will  not  be  felt  if  the  blow  be  given  in  that  point.  In  u  straight 
stick  of  eqaal  thickness,  the  centre  of  percussion  is  two-thirds  of  the  length  of 
the  stick  horn  the  axis  of  motion.  Generally,  the  distance  of  the  centre  of 
percnssion  Irom  the  centre  of  motion  is  c<{ual  l«thc  sum  of  the  products  of  each 
particle  of  tbe  body,  by  the  square  of  its  distance,  divided  by  the  product  of 
the  whole  mass  by  the  distance  of  its  centre  of  gravity  from  the  axis  of 
motion. 

PERCUSSION  POWDER.  Take  two  parts  of  the  chlorate  of  potuh,  and 
one  or  antimony  i  they  must  be  separately  levigated  to  an  impalpable  powder, 
in  a  marble  mortar,  and  mixed  together  with  nn  ivory  knife ;  to  granolalo  it,  it 
niiifit  be  made  into  a  thick  paste,  with  apirits  of  wine,  in  which  must  be  dissolved 
a  tittle  gum  mastic  to  make  it  adhesive ;  and,  by  forcing  it  through  a  hair  sieve, 
it  will  be  formed  into  grains.  Four  parts  of  potash,  and  one  of  aiitlniODj,  will 
detonaie ;  but  this  mixture  whs  found,  after  a  great  number  of  trials  by  an 
eminent  chemist,  not  to  be  sufficiently  strong  to  be  depended  upon.  See 
Detonatihq  Powdebs. 

PERPETUAL  MOTION  is  that  which  poaacsses  williin  itaclf  the  principle 
of  motion ;  and,  consequently,  since  every  body  in  nature,  when  in  motion, 
would  continue  in  that  state,  even  motion  once  begun  woul4  be  perpetual  but 
for  the  oneration  of  some  eitemal  causes ;  such  as  those  of  friction,  reaistaoce, 
&0. ;  and  since  it  is  also  a  known  principle  in  mechanics,  that  no  abeolnle 
power  can  he  gained  by  any  combination  of  machiuer}',  except  there  bnng,  at 
the  same  dme,  an  equd  gam  in  an  opposite  direction ;  but  that,  on  the  contiwy, 
there  must  necessarily  be  some  lost  from  the  above  causes,  it  follows  that  a  per- 
petual motion  can  never  take  place  from  any  purely  mechanical  combination; 
yet  this  is  a  problem  which  has  engaged  the  attention  of  many  ingenioi 
from  the  eaniest  period  to  the  present  time,  though  it  has  but      " 


seldom  bwn 
attempted  by  men  o: 
eitahliihed. 

PERSIAN  WHEEL.     See  HtDAAVLic  Maciiihbs. 

PERSPECTIVE.  The  art  of  delineating  objects  on  any  given  surface  aa 
ihcy  would  appear  to  the  eye  if  that  surface  were  transparent,  and  the  oUeota 
themselvoa  were  seen  through  it  from  a  fi\ed  situation.  Thus,  if  on  iM&ldg 
through  a  window  at  any  objC'.-t  we  were  to  trace  over  all  the  line*  of  die 
object  on  the  glass,  carefully  keeping  the  eye  in  precisely  the  same  position  aU 
the  time,  we  should  make  a  perspective  drawing  of  the  object,  and  the  glan 
would  be  termed  tbe  plane  of  delineation.  Every  true  perspective  picture  tl, 
tlierefbre,  an  exact  ropy  of  the  order  in  which  the  rays,  proceeding  from  the 
object  repesented,  would  intercept  in  their  passage  to  the  eye  a  ttansparent 
plane  at  right  angles  to  the  direction  in  which  llie  eye  viewed  that  onject ; 


PERSPECTIVE  INSTHUMENTS.  JW 

which  plane  is  the  ptkne  of  delint'alian  of  the  (ueture,''  wUeh  k  Um  or  iomI^ 
aecoiimg  to  tu  dutance  IVom  the  eye.  It  dort  not  Cmb  >  pert  of  &•  ^m)  of 
thk  woil  to  five  a  trealiae  on  tbe  art  of  dntwing  in  pn^ACthte;  and  the 
Ibr^oing  obtervationg  have  been  chiefly  made  ai  introdnctoij  to  the  next 

PERSPECTIVE  INSTRUMENTS.  A  mschsnieal  coatriruce  detigued 
to  &cilitate  the  making  of  drawings  in  persjiertire,  Mpeciall;  bj  tuch  penoni 
who  arc  unacqiiainltMl  with  the  rules  by  wliich  it  is  pertbtincd.  S<ane  of  then 
iDstmnienia  are  on  optical  prini^iples,  audi  aa  the  camera  obKura,  and  the 
cainera  lucida,  already  noticed  iiiiilet  (liuit  jn'oper  headi.  Id  praita  of  the 
latter  much  haa  hvea  lately  said,  and  altliuugli  it  muit  be  admitted  to  be  a  very 
portable  oad  bcauliliil  instruinent,  tlic  ac(]ijiJtion  of  the  art  of  uaing  it  ii 
extremely  diffinilt  to  all,  and  to  Boiiie  persoriii  iinponihle.  It*  chief  tue  will  b« 
that  of  Wording  the  means  of  con te inflating  tlie  real  penpeedve  ^pearanee 
of  ab)ect»,  and  perhaps  to  obtain  the  position  of  a  few  prant),  bat  fcr  rei^ 
minute  delineation  it  ii  of  little  value.  One  of  the  limplMt  "■"^'""■"'  eontn- 
TW]c«i  for  taking  Bucceisivety  on  the  perspective  plane  the  varioni  pobUi  of  an 
object  or  landscape,  and  marking  them  down  on  paper  with  aecuracj,  wai  hmg 
Knee  described  by  Ferrueon,  to  whom  the  knowledge  of  it  wat  communicated 
by  Dr.  Bevis.  It  eoniuted  of  an  oblong  rectangular  board,  acroM  the  middle 
of  which  was  attached  by  hinges  a  movohlB  tviune,  die  sidei  of  which  were 
formed  of  two  equal  circular  arcs,  that  met  loKsther  at  the  top  in  the  man- 
ner of  a  gothic  arch.  To  the  centre  of  each  of  tneea  area  waa  attached  a  cor^ 
the  other  ends  of  wliich  were  fastened  to  sliding  ^ecea  ttavendng  their  rsipec- 
tive  arcs;  these  cords  therefore  crossed  each  other,  and  by  moTlDg  die  slides  to 
any  part  of  the  opposite  arcs,  the  eords  might  he  made  to  intetaect  each  other 
«t  any  point  in  the  plane,  or  space  between  Xho  ana.  The  ere-piece,  or  hole 
through  which  the  abject  to  be  drawn  is  viewed,  is  fixed  to  a  slide  m  Ae  centra 
ti  one  end  of  the  board,  and  the  distance  bet\Teen  the  eye  and  the  plane  of 
delineation  may  be  ibus  varied  to  increase  oi  diminith  the  iiie  of  the  picture. 
On  that  half  of  the  board  between  the  IVame,  (when  the  same  is  turned  upright 
OQ  its  hinges,)  and  (lie  object  viewed,  the  pnper  to  be  drawn  npoo  it  pinned 
down.  It  will  nuw,  Wi^  ibink,  be  plain,  that  lo  mark  down  the  exact  tiodtion 
of  any  point  in  a  picture,  it  is  only  necessary  to  move  the  slides  so  that  the 
cords  shall  intersect  at  that  point;  having  thus  found  it,  the  arched  frame  is 
then  turned  down  upon  its  lunges  flat  upon  the  board  or  paper  thereon,  a  mark 
is  then  made  on  the  latter  at  tlie  point  of  intersection  of  toe  cords.  Suppose 
the  mark  thus  made  indicates  the  extremity  of  the  parapet  of  a  building,  the 
elidet  being  then  moved  so  as  lo  intersect  the  cords  at  the  other  extremity,  that 
point  is  also  found,  and  the  frame  again  turned  down  to  mark  it ;  then  by  con- 
necting  these  two  points  on  the  paper  by  a  line,  the  precise  inclination  and  per- 
^ectire  measurement  is  infallibly  correct,  and  by  proceeding  to  work  in  this 
manner,  all  the  outlines  of  an  entire  picture  may  he  accurately  laid  down. 

Many  instruments  have  been  contrived  for  finding  the  various  perspective 
paints,  hut  the  process,  it  must  he  allowed,  is  extremely  slow;  even  the  most 
nmple  figure  would  require  to  have  many  points  found  m  it  before  its  outline 
can  be  produced  ;  and  if  it  consisted  of  curved  or  irregular  lines,  many  more 
points  must  be  ti^en  in  each  curve  to  get  a  correct  dehnea^on. 

Mr.  F.  Ronalds,  of  Croydon,  has,  however,  contrived  and  patented  an  appa- 
■abls,  by  which  the  line*  Aemielna,  of  iphaUMr  fom  or  tariatgemeBl  they  may 
(e,  may  bt  draian  £rectiy  from  the  object  with  the  same  facility  as  tracing  them. 
The  operatioD  simply  consists  in  causing  a  small  bead  to  traverse  in  the  plane 
of  dehneation,  but  the  bead  cannot  make  any  movement  whatever  without  a 
pencil  mechanically  attached  to  it,  which  traces  down  on  paper,  lines  precisely 
careapondinE  with  the  figure ;  in  other  words,  while  the  bead  traverses  over 
tha  linia  of  Uie  oEiject,  the  pencil  moving  with  it  does  of  neceiuty  make  an 
aecnrate  persprctive  drawing.  Fiff.  2,  in  £e  following  page,  gives  a  perspective 
view  of  one  of  the  forms  of  the  complete  instrument  m  the  manner  it  is  tued, 
except  that  the  legs  on  which  it  standi  are  cut  off  to  save  space.  But  in 
ordw  dut  the  reader  may  easily  comprehend  iu  action,  we  lubjom  the  aimixed 


PERSPECTIVE  INSTRUMENTS. 


diigni^  jUuatntiM  of  the  prioeiple.  Hie  initrument  ccntiiU  or  a  itrwgfat' 
War,  moring horiconUUj  on  tworoUen  sttacbed  to  the  table;  /I  are  t— 
odter  ban  fisttd  tr -'  '  -        -      -     -<     ■  ■  -         ..,..- 


each  other,  the  fbrmei 


Ifin^  on  the  diawing  paper  (horuontBlIv),  the  latter  placed  perpendicubrlj'  ii 
the  i^e  of  the  picbiTe,  all  bebr  attscDed  tcgether :  if  the  bar/  be  moved  l 
Sie  twht  or  left,  the  verticalrod  7  wCl  elide  on  the  roUen  in  a  vertical  plane,  o 
the  plane  of  delineation.  To  the  bar/ii  adapted  a  ilider  with  a  pendl,  as  leei 
in  A^  2;  to  tfaii  pencil  a  tilk  thrrad  ia  fattened,  which  pauei  under  a  pulley  ii 


the  comer  where  all  the  bar*  meet ;  thence  it  preceedi  opwarda,  parallel  to  the 


at  the  top,  having  a  little  weight  which  falli  down  the  b 
its  othrv  end. 

It  will  now  be  eTident,  that  if  we  move  the  ilidar  with  the  pencil  on  the 
hotiiontal  bar,  the  weight  attached  to  it  by  mean*  of  the  ailk  thread  muit  ri*e 
or  fall  through  an  equal  apace,  and  with  it  the  bead  placed  upon  it;  and 
whether  the  pencil  be  moved  to  the  ri^ht  or  left,  or  along  the  bar^,  the  bead 
miut  move  in  the  lame  direction,  hut  U)  a  plane  at  right  anglet  to  it  Having 
explained  theae  two  motioni,  it  followi  that  every  combination  of  them,  whether 
in  etnved  or  atraight  line*,  mutt  be  nmilarly  perfonned  both  by  the  bead  and 

la  wing  the  initnunent,  iiie  re<|uiBt«  to  axrange  the  light-hole,  attached  to 


fe  bar  T,  (tlrrotigh  vtikh  alone  Uie  oper&Ior  muil  use  liti  cyg  in  ifcehituiiKi} 
■4  &e  |HMntion  dT  the  bead  on  tiut  thread,  so  aa  lo  gel  tlie  drnving  within  Ste 
faHta  <tf  tbs  dniring  paper,  Tlie  handle  wlucb  ia  attached  to  the  ilider  with 
A*  pCRcil  by  an  imirenal  jmaU  mlut  now  be  moved  about,  causing  the  bead  to 
hiacua  over  every  line  of  the  object,  which,  being  marked  down  by  the  pencil, 
•c  baie  a  &e-ttmile  of  the  mociDna  of  the  bead  an  tlie  place  ot  delineation, 
e  in  tlii*  moat  ingvnloiu  inatniment  a  wnipli?  and  elegant  adaptation  ot 
'  '  a  laws  of  the  science  ol  perspective ;  it  may  be  called  a  («acher 
as  well  as  a  penpeclogiaph.  These  instnimenti  are  constructed 
I  uxei,  and  packed  in  cases,  including  a  book  of  initnictiinia,  at  very 
Gh«rg««.  They  ace  manufactured  by  Mcura.  Uolts^tfel^  of  Charing 
the  belt  sli'le  of  workmanihtp. 

[FACTIONS.  Stony  matters  deposited  either  in  the  way  of  jncnutfr- 
rilhin  the  cavities  of  organized  aubslancei,  ore  called  petrifactions. 
cuth  being  itntTersally  difiiued,  and  capable  of  wlution  in  water, 
^  or  by  the  mediuni  of  I'^boaic  acid  or  sulphuric  acid,  wiuch  are 
ly  ahundant,  is  deposited  whenever  the  water  or  the  acid  becomes 
fianpated.  Incrustations  of  limestone  or  of  lelenite,  in  the  foru  of  stalactites, 
cr  dropatones,  are  fanned  in  this  way,  from  the  roofa  of  caverns,  and  in  various 
other  dtuations.  Some  remarkable  obtervaiiona  relating  to  petrifactions  ore 
ihos  giren  bj  Kirwan  : — 

1.  That  those  of  ahella  are  found  on  or  neat  the  surface  of  the  earth  i  thaae 
of  fish  deeper,  and  those  of  wood  deepest.  Shells  in  specie  arc  found  in  im- 
mense quantities  at  considerable  depths. 

2.  That  those  organic  substances  thai  resist  putrefaction  moat  arc  frequently 
(bond  petiiiied,  such  aa  shells  and  tlie  harder  species  of  woods :  on  the  con- 
trary, those  that  are  sptest  to  putrefy  are  rarely  found  petrified,  as  fish,  and  the 
•after  parts  of  animals,  &c, 

3.  That  they  are  moat  commonly  found  in  strata  of  marl,  chalk,  limestone, 
or  clay,  seldom  in  sandslane,  etiJl  moro  rarely  in  gypsum,  but  never  in  gneiss, 
granite,  basaltes,  or  shorl ;  but  they  sometimes  occur  among  pyrites,  and  ores 
of  iron,  copper,  and  silver,  and  almost  alnaya  consist  of  that  apeciea  of  earth, 
(tone,  or  uther  mineral  that  surroundj  them,  sometimes  of  silei,  agate,  or  cor- 

4.  That  they  ate  fbnnd  in  climslei  where  their  originals  coqM  not  hava 

i.  That  those  found  in  alate  or  clay  are  compressed  and  flattened. 

PETBOLEUM,     A  fluid  bitumen,  of  somewhat  greater  consistence  ihui 
B^Atha,  of  a  black,  brown,  or  aometimei  din^  ereen  colour.     By  expotuteto 
.•..-■—  '•- -gu^n  the  consilience  of  tar,  and  u  then  called  mnero'  to".    Thii 
It  from  clefts  of  ri   ' 

^_^___,  in  P^u,  there  _ _ 

hmdrad  welli  of  petroleum,  which  are  carenilly  preaerved,  and  yield  annually 
400^000  hogsheads.  At  Colebrook-dale,  in  Shinpshire,  there  ii  a  considerahle 
i^fing  of  petroleum,  from  which  large  iron  pipei  are  employed  to  convey  it  into 
pte  sunk  to  teceive  it.  From  these  pits  it  is  conveyed  into  caldrons,  in  which 
It  ii  boiled  until  it  attains  the  consistence  of  pitch.  Since  the  firtt  discovery  of 
■hii  sabftance,  three  different  springs  of  it  have  broken  out :  one  of  these  ia 
■ear  the  celebrated  iron  bridge,  and  the  fluid  which  issue*  fixim  it  is  almost 
piJhii'''<,  but,  at  the  same  time,  thicker  than  treacle.  Petroleum  eatilv  taket 
OTCi  and  in  burning  yields  a  strong,  sharp,  and  somewhat  nnpleaaant  odour ;  a 
thick  and  disagreeelue  amoke.  In  cold  weather  it  congeals  in  the  open  air. 
It  is  naed  instead  of  oil  for  lamps  in  some  places;  alsoy  when  combined  with 
nriona  matten,  in  painting  timber,  and  is  supposed  to  check  and  prevent  the 
fiitDre  ravaget  of  the  worm  upon  the  bottoms  ol  ahipi  coated  with  it 

PEWTHt,  which  is  commonly  called  Ham  in  France,  and  generally  eon- 
ibmided  there  with  true  tin,  is  B  compound  metal,  the  basis  of  which  u  tin. 
The  best  aort  consists  of  tin,  alloyed  with  about  a  twentieth  or  lets  of  copper,  or 
other  metallic  bodies,  aa  the  ciperienceof  the  workmen  has  shown  to  he  the  meet 
MOidhidve  to  the  improvement  of  its  hardness  and  colour,  inch  u  lead,  linc. 


liiiinith,  and  antiTiiOQy.  Tlier«  are  thrM  ■orti  of  pewter,  diilingunhej  by  the 
name*  o(  plate,  trifle,  nnd  ley-petrler.  The  fint  w<u  formerly  much  tiud  for 
plates  nnd  diahc* ;  of  the  secojid  are  made  the  pinls,  (jusrta,  and  d^ct  meamrei 
of  beer;  and  of  llie  lej-]«"lcr,  Kino  measures,  and  large  veaaett.  The  belt 
sorts  of  pewter  conaiat  of  IT  parts  of  antimony  In  100  parte  of  linj  but  the 
French  odd  a  lillle  copper  to  lliis  kind  of  pewter,  A  very  fine  silTer-loaldng 
metal  li  compuaed  of  100  poundi  of  tin,  B  of  antimony,  one  of  bismutb,  and 
four  of  copper.  On  the  contrary,  Ibe  ley-pewter,  by  comparing  it«  specific 
gravity  with  Ihotc  of  the  mixture  of  tin  and  lead,  must  contain  more  than  m, 
fiHh  port  of  iU  weight  of  lead. 

PHANTASMAGORIA.  The  exhibiLion  called  by  thb  name  is  performed  by 
meotu  of  a  ma^c  lantern,  eonatmcted  on  a  large  scale.  In  the  common  muio 
lantern  the  figures  are  painted  on  the  glass,  and  all  the  reat  of  (lie  glass  ii  left 
traniparent;  but  in  the  phantasmagoria  the  whole  of  the  glass  is  made  opaque, 
except  the  space  taken  up  by  the  figures  painted  with  the  transparent  colours  j 
hence  thia  difTerence  in  ihe  effect  is  produced,  that  no  light  falls  upon  the  screen 
but  what  passes  through  the  figures  themselvea,  consequently  there  is  no  circle  of 
ligh^  nor  any  tiling  but  the  Rgurea  on  the  screen.  Let  the  door  of  a  darkened 
room  in  which  the  exhibition  is  to  he  seen  be  «el  wide  open,  and  its  place  aup- 

?lied  with  B  screen  of  thin  silk,  or  fine  linen,  or  of  paper  rendered  transparent. 
rom  the  outside  of  the  room  let  the  pictures,  painted  as  above  described,  b« 
thrown  upon  the  screen,  of  a  very  minute  site.  I'hey  will  immediately  be  seen 
within  the  room,  and,  though  remarkably  brilliant,  they  will  be  supnosed  to  be 
distant  by  the  spectators,  because  they  see  nothing  but  the  light  which  comM 
from  them.  If  the  lantern  be  drawn  back  to  a  greater  dbtance  from  the  screen, 
the  images  become  gradually  enlai^ed.  and  appear  to  approach  the  «peclator«, 
and  seem  pendant  in  the  air. 

PHARMACY.  The  art  of  preparing,  compounding,  and  preserving  mcdi< 
clnes.  The  established  and  authoriied  modes  of  practising  lliis  important  art, 
ore  lo  be  found  in  those  books  called  phormacopiELas. 

PHAROS.  A  name  aometiuiea  given  to  a  lighthouae,  from  the  circumstance 
of  the  first  being  built  at  Pharos,  near  Alexandria.     See  LiaitTHooaE. 

PHONICS,  or  Acoustics.  A  science  which  treats  of  the  nature  and 
mode  of  propagation  of  sound.  Whenever  any  elastic  body  is  made  to  vibrate, 
it  produces  corresponding  vibrations  in  (he  air  Eurmunding  it ;  these  acting  on 
ihe  car,  came  its  internal  parts  to  vibrate  and  excite  in  us  the  aenuilian  of 
soimd.  From  the  necessity  of  air  to  the  conveyance  of  sound  in  ordinary 
experiments,  the  phenomena  of  sound  have  usually  been  considered  as  forming 
[)art  of  the  science  of  Pneumatics ;  but  the  entire  difference  of  its  results,  and 
lU  connexion  with  elastic  bodies  generally,  aufficlentlv  justify  its  claim  to  ■ 
aeparste  denominatioo.  That  sound  cannot  be  conveyed  from  one  part  of  space 
to  another  without  some  material  connexion,  is  well  ascertained,  and  may,  to  a 
certain  extent,  be  proved,  by  Euipending  a  bell  within  a  glass  receiver  of  the 
air  pump,  and  exhausting  the  air ;  it  will  then  be  found  that  as  the  air  Is  with- 
drawn, the  sound  of  the  hell  becomes  more  and  more  feeble,  so  thai,  at  last,  it 
is  scarcely  audible.  That  ak  a  not  ihe  only  conductor  of  sound  may  he  ahown 
by  various  experiments.  If  a  heavy  mass  of  iron,  as  a  kitchen  poker,  be  sus- 
pended by  B  piece  of  twine,  the  two  ends  of  which  are  pressed  against  the  ears, 
and  the  poker  be  then  atnick  against  any  metallic  tubslance,  as  a  fender,  a 
sound  will  be  heard  of  so  great  intensity  as  to  resemble  the  lolling  of  a  bell. 
If  two  stones  are  struck  (gainst  eacli  other  under  water,  the  sound  may  be 
heard  at  a  great  distance  by  plunging  the  bead  beneelb  the  surface  of^th* 
water :  Dr.  Franklin  affirms  that  he  has  heard  it  in  this  way  at  the  distance  of 
half  a  mile.  Sounds  ate  also  transmitted  lo  great  distances  through  solid 
'    '■         If  a  slight  scratch  be  made  at  one  end  of  a  long  piece  of  timber,  and 


the  ei  , , 

sounds  mode  of  theirfellow-workmen,  and  thus  judge  of  their  direc- 
tion. If  a  person  be  placed  at  one  end  of  a  series  of  mrlalfic  tubes,  the  blows 
of  a  hammer  at  one  exiremitv  are  heard  distinctly  at  the  other,  two  wundl 
being  heard,  one  conducted  by  the  air,  and  ihe  olher  by  the  metal.  To  show  tl 


:  appli^  to  the  other,  a  distinct  sound  will  be  heard. 
BTtnesoundauiadeoftheirfellow-workmen,  and  thusjudg 

>s  of  mrlaliic  tubes,  the  blows 
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iMBdiiNalljtlie  effect  of  vibnilion*  in  tbe  bounding  boJy.  curried  to  a  cariaJD 
it-^uu  ot  isjHdily,  ■  long  itring.  or  n-ire,  may  be  stretcbod  by  a  inuU  wsi^t; 
ihB  ribiabODi  at  fint  will  be  diitiiiclly  leen.  and  may  he  counted  ;  but  in  thw 
CMS  they  [oviluee  no  perceptible  sound.  If  ilie  weighi  which  vxicnda  the  eorf 
be  tocrUKd,  the  vibraiians  become  more  rapid,  and  a  lound  is  beard  wbidi 
benmei  more  acule  ai  the  ilrins  i<  more  stretched. 

By  a  number  of  experiments  it  faoj  been  found  that  sound  Iravd*  throogli 
the  air  with  a  velocity  of  about  1140  feet  in  a  second,  or  nearly  13  nule*  in  • 
minute.  The  Telocity  with  which  Bound  Iravela  may  be  eoiily  pmed  by  a 
ainiple  experimenL  Let  a  gun  be  lired  at  H  given  matanl,  uid  Kt  a  pciaoa 
placed  at  a  known  distance,  oluerve  the  time  elapsed  before  he  bear*  tb*  npan, 
and  thii  will  dclermine  tbe  time  the  saaai  has  been  travelling  ovdT  tbe  giren 
■pace.  By  knowing  the  velocity  with  which  sound  travels,  we  mil^  moertsin 
the  distance  of  a  lhunder<lDud,  or  of  a  ship  in  dislress.  SuppOM  llw  light 
from  B  gun  fired  at  a  distance,  or  from  b  flash  of  iigbtning  to  be  oliaerTcd  U  • 
giren  in ^taDl,  and  that  five  leconds  elnp^e  between  seeing  the  flash  and  bMling 

tbe  time  of  seeing  the  flash  may  be  taken  as  the  instant  at  which  the  •ooild  Mtt 
oat;  and  as  it  travels  1142  feet  in  a  second,  the  space  passed  over  in  fiTe 
•econds  will  be  1142  +  5  =  5710  feet,  or  1  mile  and  43U  feet,  which  will  be  the 
distance  of  the  object  from  which  the  sound  proceeds.  According  tft  Dr. 
'Hiomas  Young,  tbe  velocity  of  soimd,  on  an  average,  is  1130  feet.  Toe  Hmnd 
of  a  gun,  ot  of  a  hammer,  b  equ&lly  swilt  in  its  motion  ;  the  soltait  whiipar 
Hie*  u  swiftly  as  the  loudest  thunder.  The  equal  velocity  of  the  different  tonea 
was  beaulifiilly  shown  by  Biot  in  experiments  on  the  pipes  of  the  i  — — '-■ 
Parii.  a  distance  of  about  3000  feet ;  an  air  was  played  on  a  flute  i 

mity,  and  listened  to  at  the  other  end,  and  the  lime  was  perfectly  pi-- , 

and  hence  tbe  equal  velocity  of  the  various  notes  was  demonstrated.  DUfclBirt 
■Dbftances  transmit  sound  with  different  velocities.  If  the  velocity  io  air  be 
represented  by  I,  tbe  velocity  In  rain-water  will  be  H,  in  lea-wDtef  4^  wd  in 
bnu  10J.  The  velocity  of  sound  is  unifonn.  The  strength  of  MKUldl  i* 
greatest  in  cold  and  dense  air,  and  least  in  that  which  is  warm  and  ruCflad. 
EveiT  point  against  which  the  pijses  of  sound  strike  becomes  a  centre,  from 
which  a  new  series  of  pulses  is  propagaied  in  every  direction.  Suundi  may  be 
ledeeted  like  light,  and  thus  form  what  is  termed  on  echo.  For  die  moat 
powerfiil  echo  tbe  aoondiDg  body  should  be  in  one  focus  of  the  ellipse,  which  U 
■  Kction  of  the  echoing  steroid,  and  the  hearer  in  the  other.     An  echo  may, 

bowner,  be  heard  in  other  si '       ~" 

often  bean  the  echo  of  bii  o'  ,     , 

leait  63  or  S4  feet  from  the  reflecting  obstacle.  At  the  common  rate  of  speaking, 
we  pronounce  about  seven  syllablea  in  a  second ;  in  order,  therefore,  that  the 
eebo  maynluin  just  as  loon  as  three  syllables  are  expressed,  twice  the  distance 
tt  the  speaker  from  the  reflecting  surface  must  be  equal  to  1000  feet;  for  at 
Mitnd  describes  1142  foet  in  a  second,  six-sevenths  of  that  space,  that  is,  1000 
feet  nearly,  will  be  described,  while  six,  half,  or  three  whole  syllables  are  pro- 
oonnced ;  that  is,  tbe  speaker  must  stand  nearly  500  feet  from  the  obstacle.  In 
gawTBl,  the  distance  of  the  speoket  from  the  echoing  sur&ee  for  any  number  of 
lyQables  must  be  equal  to  the  seventh  part  of  the  product  c^  1142  feet  multi- 
]£ed  I^  that  number.  When  the  wafli  of  a  passage,  or  «r  an  unfumiibed 
room,  are  smooth  and  perfectly  parallel,  any  explosian,  or  a  stamping  with  the 
tott,  communicates  an  impression  to  the  air,  which  is  reflected  from  one  wall 
to  the  other,  and  from  the  second  to  the  ear,  by  which  reverberation  the  primj- 
tlre  sound  is  greatly  inereaied  in  intensity.  Sound,  like  light,  may  be  retlsittA 
frnn  tereral  places,  and  collected  in  one  point  as  into  a  focua,  and  it  will  be 
dim  nwre  audible  than  at  the  place  from  whence  it  proceeded.  On  this  prin- 
d^  Hm  whispering  gallery  is  constructed,  the  form  of  which  mtlst  be  that  of 
a  coDcave  hemisphere.  Somewhat  limilar  is  tbe  eflect  of  speaking  and  hearing 
tnmpatB,  which,  by  reverberating  tbe  sounds  uttered  throueh  £em,  increase 
their  inteniity.  By  means  of  an  arrangement  of  these,  a  deceptive  acoustic 
experiment  wai  exhibited,  an  idea  of  which  may  be  ftnned  by  the  ftdlowing 
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sketch.  It  was  pretended  that  ibo  invialblo  girl  wai  wilhin  tlie  ball  d;  and 
whenever  a  pemon,  by  applying  hi«  month  to  either  of  the  tnunpeta  t,  put  a 
quertioii,  an  aniwer  was  returned  irhich  leemed  to  proceed  from  tbe  boll,  m  lb* 


centre  of  nhich  Uie  inviiiblo  being  v/as  mpp(»ed  to  reside.  A  reference  to  tins 
cut  will  eupjain  the  manner  in  wliich  the  illusion  na^  eccomplisiied.  The 
upper  part  of  tlie  Iriime-woTk  is  hollow;  luid  bv  means  of  tlic  tube 9^,  poautig 
IhrougU  the  leg  of  the  apparatus  and  floor  of  Inc  room  into  anollier  chamber, 
communicatct  with  another  individual  A,  who  is  to  represent  the  inviiible  girl. 
When  a  person  is  desirous  of  trying  the  experiment,  he  applies  hia  mouth  to 
cither  of  the  Lrumpcl-moutlia  e  e  e  e,  and  puts  his  question ;  the  tound  so 
uttered  ii  reflccleil  10  as  to  pass  through  the  holes//,  and  tlirough  the  pipe  gg 
to  A,  where  it  ia  heard  by  the  person  who  is  then  listening,  A  rc)ily  is  th«a 
^iven  through  the  tube  h  gg.  which,  cominc  out  through  the  hole/,  ii  received 
in  the  tnimpet-moulhi,  and  reflected  to  the  ear  of  the  inquirer  at  e.  The 
trumpeta  bemg  suspended  by  silkeD  strings,  no  visible  connexion  appear* 
between  the  place  wiience  tlie  sound  seems  to  proceed,  and  tlie  individual  who 
is  the  author  of  it ;  the  illusion  ia  therefore  complete. 

PHOSPHATES.  Sfllta  formed  by  the  phosphoric 
earths,  and  metallic  oxides.  The  phosphates  at  prei 
tnelve,  two  of  which  are  triple  ones. 

PHOSPHITES.  Salts  formed  with  the  phosphorous  acid  united  to  the 
earths,  alkalies,  and  metallic  oxides. 

PHOSPHORIC  ACID.  The  haao  of  thb  add,  or  the  acid  ilaclf;  abounds 
in  the  mineral,  vegetable,  and  animal  kingdoms.  In  the  mineral  kingdom  it  it 
found  in  combination  with  lead  in  the  green  lead  ore ;  with  iron  iu  the  boR- 
orea,  which  afford  cold-short  iron ;  and  more  especially  willi  calcareous  earth  m 
several  kinds  of  stone.  Whole  mountains  in  the  province  of  Eatrunaduro,  in 
Spain,  are  composed  of  this  combination  of  phosphoric  acid  and  lime.  In  iho 
animal  kingdom  it  is  found  in  almoat  every  part  of  the  bodies  of  animals  which 
are  not  considerably  volatile :  there  is  not,  in  all  probability,  any  part  of  these 
organized  beings  which  ia  free  from  it.  It  has  been  obtained  from  btoad,  flesh, 
both  of  land  and  water  animals ;  from  cheese ;  and  it  exists  in  large  quantitiea 
in  bones,  combined  in  calcareous  earth.  Urine  contains  it  not  only  in  a  disen- 
gaged state,  but  also  combined  with  ammonia. 

PHOSPHOROUS  ACID  ia  prepared  by  exposing  phosphorus  during  toiiM 
weeks  to  the  ordinary  temperature  of  the  atmosphere.  Even  in  winter  th* 
pbosphonu  undergoes  a  slow   combustion,   and  is  gradually  changed  tnlo  k 
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Aquidadd.  For  tfais  purpoM  it  ii  usual  to  put  imall  pieces  of  phcnplionu  on 
IIm  isclilied  side  of  n  glais  fuanel,  through  which  the  liquor  that  is  fonned 
drop*  into  the  bottle  placed  la  receive  it.  from  on  ounce  of  phoapborus  about 
thne  onncea  of  acid  liquor  ma;  be  thus  nrepured. 

PHOSPHORUS.  A  lubataace  nbich  ahines  by  iu  own  ligliL  The  dis- 
eoTCTjof  this  lingular  substance  vos  accidentally  mode  in  1677,  b;  an  alcbemiat 
of  Hamburgh,  Domed  Brandt,  when  he  was  digged  in  tearcbiiiE  for  the  philo- 
aophet's  stone.  Mr.  Boyle  is  aIio  considered  to  have  discovered  it ;  he  commu- 
nicated the  process  to  Godfrey  Haukwitz,  an  apothecary  of  London,  who,  for 
manj  yean,  supplied  Europe  vith  phosphorua ;  and  heoce  it  went  under  the 
name  of  Enghsh  phosphorus.  In  the  yeai  177-1  the  Swedish  chemists,  Galin 
*fld  Schcele,  made  the  unportant  discovery,  that  phosphorus  is  contained  iu  th« 
bones  of  animals ;  and  they  improved  the  process  for  procuring  it.  The  moat 
coDTenient  process  for  obtaining  it  seems  to  he  that  recommended  by  Faurctoy 
and  Vauquelin,  which  we  shul  transcribe.  Take  a  quantity  of  burnt  bonei, 
and  reduce  them  to  powder:  put  100  parts  of  this  powder  into  a  porcelain  or 
stone-ware  baain,  and  dilute  it  with  four  limes  its  weight  of  water ;  40  parti  of 
sulphuric  acid  ore  then  to  be  added  in  small  portions,  taking  care  to  stir  the 
mixture  after  the  addition  of  every  portion.  A  violent  eOervescence  takes 
place,  and  a  great  quantity  of  air  ia  disengaged.  Let  the  mixture  remain  for 
twenty-four  hours,  stirring  it  occasionally  to  expose  every  part  of  the  powder  to 
the  action  of  the  acid.  The  burnt  bones  consist  of  the  phosphoric  acid  and  lime ; 
but  the  sulphuric  acid  has  a  grcaler  affinity  for  the  lime  than  the  phosphoric  acid. 
Tbc  action  of  the  sulphuric  uniting  with  the  lime,  and  the  sepamitioQ  of  the 
phosphoric  acid,  occasion  the  etfervescence.  The  sulphuric  acid  and  the  lime 
combine  together,  being  inioluble,  and  fall  to  the  bottom.  Pour  the  whole 
mixture  on  a  cioUi  filter,  so  that  the  liquid  part,  which  ia  to  be  received  in  a 
porceluD  vessel,  may  paas  through.     A  white  powder,  which  it  the  insoluble 


folphate  of  lime,  remains  on  the  filter.  After  this  has  been  repeatedly  washed 
with  water,  it  may  be  thrown  airay ;  but  the  water  is  to  be  added  to  that  part 
of  the  liquid  which  passed  through  the  filter.     Take  a  solution  of  sugar  of  lead 


r,  and  pour  it  gradually  into  the  liquid  in  the  porcelain  basin  ; 
powder  folia  to  the  bottom,  and  the  sugar  of  lead  must  be  added  ao  long  as  any 
ptcdpitMtion  takes  place.  The  whole  ts  to  be  again  poured  npon  a  ^ter,  and 
tlw  white  powder  which  remains  is  to  be  well  waihed  and  oried  :  the  dried 
pawdBT  is  then  to  he  mixed  with  one.aizth  of  iti  weight  of  charcoal  powder. 
Fat  this  mixture  into  an  earthenware  retott,  and  place  it  in  a  land  bath,  with 
Ihe  b«ak  plunged  into  a  vessel  of  water;  appiv  beat,  and  let  it  be  gradually 
incnued  till  the  retort  becomei  red  hot.  As  the  heat  increases,  sit-bubbles 
ntsfa  in  abundance  through  the  beak  of  the  retort,  tome  of  which  are  inflamed 
iriten  they  come  in  contact  with  the  air  at  the  nitfiice  of  the  water.  A  sub- 
•taoca  at  fast  dn^  ont  nmilor  to  melted  wax,  which  congeals  nnder  the  water; 
tliis  is  phosphomi.  To  have  it  quite  pure,  melt  it  in  warm  water,  and  strain  it 
•evenl  times  through  a  piece  of  chamois  leather,  under  the  surface  of  the 
water.  To  mould  it  into  sticks,  take  a  glais  fiinnel  with  a  long  tube,  which 
must  be  stopped  with  a  cork ;  fill  it  with  water  and  put  the  phoaphonu  into  it : 
immetse  the  fiutnel  in  boiling  water,  and  when  the  photphonu  is  melted  and 
flmn  into  the  tube  of  the  fuimel,  then  plunge  it  into  cold  water ;  and  when  the 
pbofpbomi  has  become  solid,  remove  the  eoA  and  push  the  phoaphoms  from 
the  mould  with  a  piece  of  wood.  Iliui  prepared,  it  mnat  be  preserved  in  dose 
vcMcli  containbg  pure  water.  When  uhoaphorus  is  perfectfv  pure  it  is  semf- 
Imuparent,  and  has  the  coniiitence  of  wax :  it  is  so  soft  that  it  may  be  cut 
with  a  knife.  Iti  specific  gravity  ii  from  1.77  to  2.03.  It  has  on  acid  and 
disagreeable  taste,  and  a  peculiar  smell,  somewhat  resembling  garlic.  When  a 
stick  of  phosphorus  is  broken,  it  exhibits  some  appearance  of  crystalliEation. 
He  oTitoli  are  needle-ohaped,  or  long  octahedrons ;  but  to  obtain  ibem  in  their 
meat  perfect  state,  the  snrCace  of  the  phosDhonis,  just  when  it  becomes  solid, 
ihotdd  be  pien^  that  the  internal  liquid  phoq)honu  may  flow  out,  and  leave 
•  cari^  tor  their  formation.  When  the  phosphorus  is  exposed  to  the  light  it 
iMcoiMi  of  a  reddish  cdour,  which  spears  to  be  an  incipient  combustion.     It 
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is  tlerefore  neceiSMy  to  prfSirvB  it  in  b  dark  place.  At  the  tempmtuie  of 
90^  it  beuoTnes  liquid;  and  if  air  be  entirely  excluded,  it  eraporstes  at  219*, 
and  bails  at  SSi";  at  the  tempetatuie of  43"  or  44°  it  gives  out  a  vhite  smoke, 
and  ii  luminous  in  the  dark ;  this  h  a  alow  combuatitm  of  tlio  phosphorus,  which 
becomes  more  ra^nd  as  the  temperature  is  raised.  When  phosplioruB  is  healed 
to  the  temperature  of  148",  it  takea  Are.  burni  with  a  bright  name,  and  send* 
out  a  great  quantity  of  while  smoke.  Phosphorus  enlen  into  combination  -nilh 
oxygen,  azole,  hydrogen,  and  carbon;  it  is  soluble  in  oils,  and,  when  thus  dt>- 
solvad,  forma  wlwt  has  been  called  hquid  phoaphorus,  which  may  be  rubbed  on 
the  face  and  hands  without  injury;  it  dlssotres,  loo,  in  ether,  and  a  very  beau- 
tiful experiment  consista  in  pourinc  this  phosphoric  ether  in  small  porliona,  and 
in  a  dark  place,  on  tile  surface  of  hot  water.  The  phosphoric  matches  consist 
«r  phosphorus,  extremely  diy,  minutely  divided,  and  perhape  a  little  oxyeenized. 
The  simplest  mode  of  making  them  is  to  put  a  little  phosphorus,  dried  by 
blotting-paper,  into  a  small  phial ;  heat  the  pliial,  and  when  the  phoephorua  is 
melted,  turn  it  round,  so  that  the  pbospborus  may  adhere  to  the  aides.  Cork 
the  phial  closely,  and  it  is  prepared.  On  putting  a  common  aulphur-match  into 
a  bottle,  and  stirring  it  about,  the  phosphorus  will  adhere  to  the  match,  and  will 
take  fire  when  brought  into  the  air. 

PHOSPHURETS.  Subatanccs  formed  by  an  union  of  the  alkalies,  earths, 
and  metallic  oxide?,  with  phosphorus.     Thus  we  have  phosphuret  of  lime. 

PHOTGMETElt.  An  instrument  designed  to  exhibit  the  different  quan- 
tities of  light,  eapeciaily  in  bodies  illuminated  in  different  degrees.  In  Lenlie'i 
photometer,  the  essential  part  is  a  glass  tube,  like  a  reversed  syphon,  whose 
two  branches  should  be  equal  in  height,  and  terminated  by  balls  of  equal 
diameter :  one  of  the  balU  is  of  black  enamel,  and  the  other  of  common  glaaa, 
into  which  is  put  some  sulphuric  acid,  tinged  with  carmine.  The  motion  of  the 
liquid  is  measured  bv  means  of  B graduated  scale;  the  zero  is  situated  towards  the 
top  of  the  branch  that  is  terminated  by  the  enamelled  balL  The  use  of  this 
instrument  is  founded  upon  the  principle,  that  when  the  light  Is  absorbed  by  a 
body,  it  produces  a  heat  proportional  to  the  quantity  of  absorption.  Wheil  th« 
instrument  is  exposed  to  the  solar  rays,  those  rays  that  are  absorbed  by  the 
dork  colour  heat  the  Interior  air,  which  causes  the  liquor  to  descend  at  first  with 
rapidity  in  the  corresponding  branch.  But  as  a  part  of  the  liquor  which  had 
introduced  itself  by  means  of  the  absorption  is  dissipated  by  radiation,  and  a> 
the  difference  between  the  quantity  nf  the  heat  lost  and  that  of  the  heat  acquired 
goes  on  diminishing,  there  will  be  a  point  where  (these  two  points  having 
became  equal)  the  instrument  will  be  stationary,  and  the  intensity  of  the 
incident  light  ia  then  estimated  by  the  number  of  degrees  which  the  Uquor  has 

Mr.  Ritchie,  of  Nain,  has  constructed  a  very  simple  photometer,  on  the  prin- 
ciple of  Bougier.  It  consists  of  a  rectangular  box,  about  an  inch  and  a  half  or 
two  inches  square,  open  at  both  ends,  and  blackened  within  for  the  purpose  of 
absorbing  irregular  IjghL  Two  rectangular  pieces  of  plain  mirror  are  placed 
within  the  box,  at  right  angles  with  each  other,  and  at  an  angle  of  45°  with  the 
■ides  of  the  bos.  A  rectaneidar  opening  is  cut  in  the  upper  side  or  lid  of  th* 
box.  about  an  inch  long  and  an  eighth  broad,  and,  passing  over  the  line  formed 
by  the  intersection  of  the  two  mirrors,  is  half  over  the  one  and  half  over  ihe 
other ;  the  aperture  is  to  be  covered  witli  a 
slip  of  fine  tissue,  or  oiled  paper.  When 
used,  it  is  to  he  placed  in  the  same  straight 
line,  between  the  two  flames  to  be  compared, 
lliey  being  distant  six  or  eight  feet  (ram 
each  other,  and  is  to  be  moved  until  the  disc 
of  paper  is  equally  illuminated  by  the  two 
flames.  The  illuminating  powera  of  the  two 
flames  will  then  be  directly  as  the  squarea  of  their  diitanc' 
of  the  photometer-  In  viewing  the  illuminated  disc,  it  is  well  to  luolt'™ 
through  a  prismatic  box,  about  eight  inches  long  blackened  within,  to  absorb 
strong  light.     Sometimes,  instead  of  usuig  mirrors  and  "he  pajicr-screen,  th« 
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1  (lanes  are  covered  with  wbile  paper,  and  toolcrd  at  direclly  llmnigh 
sture.  However  Ihe  iaalmment  be  uied,  b  mesD  of  uTcral  obserTBtioag 
1  be  ULen,  the  initnimeiit  b«ing  turned  round  each  tone.  When  the 
•  of  iiSeieal  colours,  the  pku  Mr,  Ritchie  recommcndi  is,  to  cover  the 
igoUr  opening  in  the  iniCnuncnt  with  a  piece  of  fine  vhite  paper,  printed 
[dy  with  a  sinall  tvpe ;  the  paper  is  to  be  hmihed  orer  with  oU,  and  then  the 
■■ninwiit  being  placed  between  the  Lghts,  they  are  to  be  moved  till  the  printing 
«■*)«  read  contmuoiuly  alone  the  paper  with  egual  esse  od  the  one  side  bb  on  the 
rtbrr  in  the  Kcood  tonn,  the  pnnK'd  paper  is  to  be  pasted  on  the  mirrors,  or 
(be  inctiiied  surfaces  igunst  which  they  lie,  and  u  then  to  be  read  through  the 
^coiw  It  it  advantageous  to  enlar^  the  openings  in  thete  ap[dications  of 
priutM  p^er. 

PIANO-PORTE.  A  musical  instrument,  roemblinf  the  harpsichord,  (of 
vluch  it  u  an  improTement,)  in  which  the  lone  is  produced  by  hacaincrs,  instead 
itamO*,  npon  the  strings.  Of  all  the  keyed  instruments,  aa  observed  in  the 
Oi^drd  EHcgekpadia,  the  piano-forte  secma  to  merit  the  preference,  on  account 
of  the  laperior  tone,  sweetness,  end  variety,  of  nhich,  by  the  ingenuity  of 
Briliah  artists,  it  has  now  become  susceptible.  It  was,  as  early  oi  the  beginning 
of  the  last  century,  that  hammer-harpsicords  were  invented  at  Flortnce,  of 
wbich  there  ii  a  description  in  the  Giarnaled' Italia,  1711.  The  invention  made 
bat  a  alow  progress  j  the  first  that  was  broaebt  to  England  was  by  Father  Wood, 
m  En^iih  monk  at  Roma.  The  tone  of  this  instrument  was  so  miperior  lo  that 
pnduced  by  quills,  with  the  additional  power  of  producing  all  the  shades  of 
|uno  and  forte  by  the  finger,  that  though  the  touch  and  mechanism  were 
■o  imperfect  that  nothing  quick  could  be  executed  upon  it,  yet  the  Dead  March 
in  Saul,  and  other  solemn  and  pathetic  strains,  when  eiecuted  with  taate  and 
feeling,  by  a  master  a  little  accuatomed  to  the  touch,  excited  equal  wonder  and 
delight  in  the  hearers.  Backers,  a  harpsichord-maker,  constructed  several  piano- 
ioTtes;  and  although  he  improved  the  mechanism  in  several  respects,  lie  failed 
in  the  tone.  After  the  arrival  of  John  C.  Bach  in  this  counliy,  and  ihe  esta- 
Uiahment  of  his  concert,  in  conjunction  with  Abel,  all  the  harpsichord-makera 
liied  their  mechanical  powers  upon  piano-fortes ;  but  Ihe  first  altempts  were 
always  on  the  large  siie,  till  Zump^,  a  German,  constructed  small  piano-fortes, 
of  the  shape  and  size  of  the  origicial,  of  vliich  the  lone  was  very  sweet,  and  the 
Undl,  Willi  a  little  use,  equal  to  any  degree  of  rapidly.     Poblinan,  whose  in- 

-■ ' IB  verv  inferior  in  tone,  fabricated  a  great  number  for  such  persons 

la  unahte  to  supply.     Laree  piano-fortes  afterwarda  received  great 
»  in  the  mechanism  by  Merlin,  and,  in  the  tone,  by  Broadwood, 
Stoddar^   dementi,  and  others.     The  harsh  scratching  of  the   quills   of  a 

btipncbard  can  now  no  longer  be  borne.     A  great  number  of  impt '~ 

k«ra  been  coade  of  late  years,  which  have  been  the  subjects  of  j 
patent!.     Some  of  these  we  now  proceed  to  notice. 

ne  fint  which  presents  itself  to  our  attention  is  the  patented  improvement 
flf  Mr.  Whealstone,  of  Jermyn-street,  for  augmenting  Ihe  tone  by  the  iutroduc- 
tioa  of  drumi,  or  similar  vibrating  surfaces,  against  which  Ihe  sounds  elicited 
'  ;  these,  it  is  said,  not  only  augment  the  lone,  but  imntove  the 
or  this  purpose,  wooden  frames  are  fitted  to  the  inside  of  Ihe  instru- 
n  which  it  tightly  itretcbed  paper,  parchment,  vellum,  or  limilar 
.  whidi  constitute  the  drum.  Ilieae,  bemg  placed  as  near  a*  poasiUe 
e  aannding-boards  of  ths  instrument*,  are  powerfiilly  acted  upon  by  the 
tioa  of  the  notes  given  out;  and  to  conduct  the  sound  elicited  with  greater 
ifiet  to  the  ean  of  the  auditory,  trtimpet-ahaped  apertures  are  made  through 

To  give  to  piano-fbrtes  the  rich  and  lengthened  tones  of  the  violin,  a  patent 
«M  tAcn  out  by  Mr.  Todd.  This  is  efiecled  by  the  presnue  of  the  foot  of  the 
^yer  upon  a  pedal,  which  puts  in  motion  an  endless  band  (fumished  with 
powdered  resin),  which  is  made  to  rub  against  the  particular  wire  in  connexion 
widt  lite  key  that  is  deprened  by  the  finger  of  the  player ;  and  thus  the  tame 
•ffitet  it  produced  as  by  the  bow  over  the  strings  of  the  violio.  Instnunenta 
■0  HMtnicttd  will  therefore  have  two  distinct  leti  of  tonee ;  that  m,  when  the 


IH  PIANO-PORTE. 

pedal  H  acted  apon,  the  lengthened  and  beautiful  tonei  of  the  riolin  will  be 
produced ;  withoat  it,  those  ot  the  ordinary  piano. 

The  inventisti  ii  not,  however,  confined  to  piaDo-foTtel,  but  to  all  other 
in*tnuaenl«  wherein  the  wundi  are  prodoced  bj  the  vibratioii  of  wirei,  or 
■tringi  of  catgut ;  but  the  most  eligible  itutnunent  for  it*  uplication,  ii  the 
uano^  more  especiallj  those  of  the  upiigbt  or  cabinet  kind.  The  annexed 
diagram  we  have  therefore  selected  from  the  ipeciGcatian,  to  explain  the  con- 
•tincliQD  and  modef  of  action  of  thi*  infenioui  contrivance,  when  applied  to 
piano-foTtei  of  tbe  latter  descriptiiMk  The  figure  gives  •  vertical  eectiou  of  the 
part;  thus  a  shows  one  of  the  wirei  Aretched  acroM  the  bridges,  bj  means  of 
tenaion  pini  orci  the  body  of  the  inalrumenL    cc  is  an  endlen  band  rerolring 


<nrer  two  cylinden,  which  are  set  In  motion  b;  the  treadle  d,  operated  upon  bjr 
the  pedal ;  this  band  is  to  be  made  of  cloth,  catgut,  or  other  material  capable 
of  holding  ^wdered  rodn.  ttiaa  frame  of  wood  on  which  is  made  to  turn  a 
■Tinging  piece/,  and  there  are  ai  many  of  these  frames  and  swinging  pieces  as 
there  are  keys  to  the  instnimenL  On  each  swinging  piece  are  fixed  wires,  bent 
in  the  manner  shown;  their  ends  are  reduced  to  a  conical  figure  to  form  centres, 

rD  which  revolve  tmall  brasi  rollers,  ai  that  atg.  A  is  one  of  the  keys  of 
iusliument  moving  on  its  fiilcrum  ran,  and  its  two  stops  are  shown  at  ■■; 
■  '*rtical  Ham  ot  wood^  is  fixed  into  the  key,  carrying  above  it,  in  a  horiion- 
lal  position,  a  wire  k,  which  acts  upon  the  swinging  piece/;  the  wire  i  i»  fixed 
to  the  stem  J  by  means  of  nuts  placed  on  either  side  of  the  stem,  which  screw 
on  to  the  end  of  the  wire,  and  by  these  means  the  extent  of  motion  to  be  given 
to  the  swinging  piece  is  regulated.  It  will  now  be  seen  that  when  any  key  is 
depresMd  by  the  finger  of  the  player,  the  little  brass  roUer  g  u  pressed  agamst 
the  endless  band,  which,  bending  it  a  little  out  of  the  right  line,  causes  it  to 
lub  against  the  wire  a,  and  thereby  produce  a  similar  e^t  to  the  drawing  of 
the  bow  over  the  tlrmgi  of  a  violin.  ' 
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The  next  invention  which  we  eball  noiicc  ii  t)ia(  o[  Mr.  Janiei  Stenstt,  of 
Gcorfe-flreet,  EusloD-square,  trba  hod  b  patent  for  it  iu  1830.  It  will  be 
obsetied  tbat  there  are  severs]  motion ■  connected  with  the  openitioQa  of  a  piano 
which  require  great  precision  as  to  their  lime,  duration,  and  intenuly  of  action. 
The  hammer  mun  be  made  to  strike  the  airing  at  Ibe  aame  instant  tlial  the  dumper 
u  withdrawn,  and  Ihc  hamnier  having  done  iti  duty  must  be  instantly  remored 
(even  before  the  finger  of  the  perfurnier  has  lelt  the  key,)  fiom  the  airing,  to 
ataoK  tbe  vibration  to  take  place,  and  then  the  damper  must  return  lo  stop  the 
vibration  of  the  string  the  moment  that  the  finger  ia  withdrawn  from  the  key. 
Mow  as  all  the  motions  must  be  ohtained  by  a  veiy  slight  touch  of  the  linger, 
and  without  any  noise,  the  levers  and  connecting  rods,  by  which  th«y  ore  trana- 
nittrd  from  the  keys  to  the  atrings,  become  important  conilderaliona  with 
piano-forte  makers,  and  Mr.  Stewart  has  simplified  Ihe  action,  and  rendered  it 
more  certain,  by  tbe  introduction  of  a  sbort  lever  placed  over,  and  parallel  with 
the  interior  end  of  the  finger  lever.  This  lever  being  short,  and  joined  near  iU 
movable  end  by  a  small  connecting  braaa  rod  to  the  finf>er  lever,  (iimishes  in 
itielf  the  required  variety  of  moliona,  by  placing  the  rod«  which  act  upon  the 
hammer,  damper,  &c  at  dtflerenl  distoncea  from  the  fulcrum  on  which  it  turna. 
In  addition  to  this,  Mr.  Stewart  has  inlroduced  an  improved  inclined  plane  for 
meiviiig  Ihe  tail  of  the  hammer,  and  stopping  it  silently,  after  it  haa  struck  the 

To  obviate  the  olgcctiona  which  hftva  been  raised  ta  tha  elevKled  canng  of  lh» 
opdght  or  cabinet  piano-fortes,  especially  those  whose  fronts  are  covered  with 
■Ok,  which  have  a  tendency  h>  deaden  the  voice  in  case  of  accompanimeal, 
Ht.  %iu>n  Thompson,  of  Yarmoatb,  ha*  contrived  to  obviate  the  necessitj  of 
anjr  poitioii  of  the  instiumeiit  rising  above  the  locking  board,  so  that  the  top  of 
Ae  matniment  i«  flat  tike  a  table.  Thii  object  he  effoits  by  lowering  the  string 
fiame,  till  ill  upper  surface  coincidee  with  the  top  of  the  locking  board,  and 
itm^'''g  the  keys  bent  levers,  turning  twice  at  right  angles  between  the  fitlcium 
«n  which  they  move,  and  the  eitremitiei  which  act  upon  the  hammer*.  On 
tbe  irmer  ends  of  each  key,  rests  an  upright  guide  wire,  or  slight  rod,  and 
to  this  an  attached  various  projecting  pieces  which  actuate  the  hsmmert,  Ihe 
dampers,  &C.  much  in  the  usual  manner ;  BO  that  this  improvement,  which  ia  a  ver^ 
important  one,  ia  obtained  without  in  the  amalleat  degree  altering  the  other 
parts  of  the  instrument. 

The  spirit  of  improvement  in  this  interesting  branch  of  art  aeems  recently  to 
haveequaUy  pervaded  our  transatlatitic  brethren.  In  the  Journal  of  the  IVanilM 
ItuHiiae,  (which  contoina  accounts  of  all  the  American  palenla,)  we  observe  one 
by  Hr.  Jesse  Thompson,  of  New  York,  dated  October,  1830,  for  an  improvement 
in  the  action  of  the  upright  piano-forte,  some  points  in  which  our  own  manu- 
&cluren  may  deem  worthy  of  adoption  in  a  modified  form.  The  following  claim 
attached  to  the  specification  of  thia  patent,  will  give  to  those  acquainted  with 
the  subject  a  general  idea  of  the  variations  introduced  in  this  action.  "  What 
I  claim  as  new,  and  as  my  own  invention,  is,  first,  the  application  of  the  finger 
lever  directly  to  the  foot  of  the  connecting  rod,  dispensing  with  the  jack,  apringt, 
and  all  intermediate  gearing.  By  this  more  immediate  operation  of  tbe  finger 
on  tbe  hammer,  no  time  is  lost  between  the  touch  and  the  blow ;  the  action  ir 


action  to  six  and  a  half  inches,  and  the  others  in  proportion,  without  in  any 
degree  interfering  with  a  clear  and  rapid  execution :  or  the  common  span  of 
the  octave  may  be  retained.  Second,  the  placing  the  dompera  below  tbe 
hammer  rail,  by  which  position  the  dampers  foil  on  the  brass  strings  near  iha 
middle  of  them,  and  thus  more  inatanlaneously  and  efTectually  stop  their  vibra- 
tion, and  may  be  raised  by  the  simpler  and  cheaper  modes  herein  specified." 

The  introduction  of  cast  iron  into  the  framing  of  ptano-Cbrtes,  in  lieu  i£  the 
eumbroat  masse*  of  wood  previously  used,  to  resist  the  powerfid  tension  of  so 
many  wires,  «ai  a  great  modem  impwement,  to  whicn  we  beliefs  we  stand 
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indebted  to  M.  Pleyd  and  Co.,  of  Fnrii.     At  the  prcscst  licie  die  gututitulioc 
of  metal  for  wood  U  general. 

Thia  part  of  the  mechanlam  nas  consideiably  improved  by  Mr.  J.  C.  Schwieu, 
of  Regenl-slreet,  for  which  he  obtained  a  patent  in  1831.  The  •Iring  board  of 
the  piano-forte  is  secured  between  a  Btout  cast  iron  frame,  and  to  the  latter  u 
call  a  projecting  plate,  llirougb  which  the  tuning  pina  pass.  These  tuning  pina 
are  wade  of  ateel,  their  lower  ends  are  turned  cylindrical,  fur  cuilinc  the  endsof 
the  wire,  and  the  upper  enda  are  mode  square  for  the  reception  of  the  key.  To 
give  these  tightening  pins  the  reqtiiute  friction  to  retain  any  required  degree 
af  tension  on  the  strings,  and  enable  them  to  be  turned  with  facility,  ^ey  arc 
tapped  below  the  sqiiare  head  lo  receive  a  nut,  which  screws  against  the  unper 
side  of  the  projecting  plate,  and  they  have  underneath  a  collar  and  washer,  which 
are  drawn  against  the  plate  by  the  action  of  the  nut  above,  leather  washers  being 
lUto  interposed  to  give  a  degree  of  elasticity  to  the  bearing  parts.  To  produce  the 
requisite  friction,  the  nuts  nxe  screwed  up ;  and  in  order  that  the  pins  may  be 
turned  at  pleasure,  without  alterine  the  friction  by  which  they  are  held,  each  nut 
is  perforated  with  two  holes,  and  the  square  key  which  fits  over  the  square  headi 
boa  at  its  extremity  two  projecting  pins,  which  enter  the  holes  in  the  nuts, 
and  therefore  turn  the  nins  and  nula  together  without  altering  the  Aiclioii. 
Mr.  SchwieBO  applies  lightening  pins  of  this  kind  to  the  harp  and  violin. 

Since  the  introduction  of  cast-iron  frames  for  piano-fortes,  conMderabie 
expense  has  been  incurred  in  drilling  the  holes  for,  and  fitting  in  the  pin^  so 
as  to  give  litem  the  properties  mentioned  in  Mr.  Schwieso  ■  patenL  To  remedj 
these  inconveniences,  Mr.  W.  Allen,  of  Catherine-street,  Strand,  casts  two  dove- 
tailed grooves  along  that  end  of  the  Irfune  where  the  tightening  pins  are  to  be 
inserted,  into  which  he  drives  pieces  of  wood  of  a  corresponding  shape,  to  fill 
u(i  the  doretailcd  etoavei,  and  to  reseive  the  tuning  pina.  It  Is  evident,  that  by 
this  ingenious  and  simple  contrirance,  the  eKpeme  of  manufacture  will  be 
diminished,  and  the  inatrumcnts  will  be  improved. 

StlJ-atlmg  Piano-farirt  have  of  late  years  been  introduced :  they  combine  the 
most  rapid  and  brilliant  execution  with  distinctness  and  neatness.  Their  hat~ 
mony  is  necessarily  more  full  than  can  be  produced  by  eight  fingera,  the  elements 
of  chords  having  no  other  limit  than  the  extent  of  its  scale;  the  time  cannot 
be  otherwise  than  perfectly  equable  throughout,  yet  where  pathos  is  to  be 
expressed,  the  time  can  be  accelerated  or  retarded  io  any  degree. 

The  mechanism  of  a  self-acting  piano-forte  usually  or  principally  contisli  of 
a  cylinder  turning  horizontally  on  its  axi^  acted  upon  by  a  coiled  spring,  and 
regulated  by  a  fly-wheel.  On  the  surface  of  the  cylinder,  a  determined  arrange- 
ment of  brail  pins  is  formed,  each  of  which,  in  passing  under  a  rank  of  leven, 
elevates  one  end  of  the  required  lever,  and  depresses  the  other.  The  depressed 
end  pulls  down  with  it  a  alender  rod,  which  is  conneeted  by  a  slide  withjthe  tail 
of  a  bent  lever,  on  the  liirlheT  end  of  which  is  the  hammer  which  slrikee  the 
string.  The  slide  can  be  shifted  further  Irom,  or  nearer  to  the  axis,  on  which  the 
hammer  lever  turns,  and  thus  the  stroke  of  the  haramer  is  made  feeble  or  strong 
lo  any  retjulred  degree.  When  wound  up,  the  instrument  will  continue  to  play 
for  a  considerable  time ;  and  it  is  provided  with  a  bench  of  keys  liko  ibe  ordi- 
nary piano-forte,  so  that  a  person  may  accompany  the  instruinent,  or  play  a 
duet  with  it 

A  very  beautiful  instniment  of  tliis  kind  we  have  seen,  that  was  manufse- 
tured  by  dementi  and  Co.;  it  had  two  barrels,  each  of  which  played  nine  tunes. 
The  velocity  was  regulated  hy  two  revolving  balls,  similar  to  the  governor  of  a 
steam-engine. 

Messrs,  Rolfe  and  Sons,  of  Cheapside,  have  distinguished  themselves  In  llilt 
branchofartbyscveralimprovements,  which  were  the  subject  of  a  recent  paletit. 
These  improvements  tliey  divide  into  three  sections ;  and  their  self-acting  piano- 
fortes are  constructed  either  with  the  first  section  only,  or  with  the  Grstandseound 
section  combined,  or  niih  the  three  sections  united.  The  litst  section  c 
new  apparatna  for  effecting  the  transitions  of  forte  andjmoio,  by  which  means  the 
difSculty  of  producing  those  desirable  changes  is  removed,  by  transferring  the 
mechanical  action  from  the  weakest  and  most  uncertain  part  of  the  arrangement, 
vijt.  the  cyliuder,  to  the  more  powerful  and  certain  octionof  the  engine,  by  which 
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jr  the  liability  to  ilenngemnit  in  instrumenta  inlended  tor  cxptitullioa  it 

a*(»ded.  To  thii  branch  of  tlieir  patent,  Meisn.  Rolfe  and  Sona  have  «i 
a  hand  morement,  or  rrgiat^r,  by  nhich  the  utistiog  arrange m en t,  o  " 
ttnn  of forle  and  pioito,  may  at  any  time  be  changed,  or  altered  lo  suit  _ 
lieiri,  or  may  nt  any  moment  be  removed  from  the  guvernment  of  the  wtF- 
se&ig  apporatua  which  producet  the  cSect,  and  b«  operated  upon  by  the  hud, 
and  agaia  be  restored  Id  the  control  of  (ha  machine,  at  picamre. 

Tht  second  section  consists  of  a  new  barrel  movenient  for  changing  the  tnnei, 
which  ia  effected  by  the  introdtiction  of  on  inclined  plane,  which  fbnna  an 
abtument  for  the  axia  of  the  cylinder.  This  plane  is  divided  into  eight  portion^ 
and  11  moTed  by  a  radial  lever  upon  a  pinion,  which  by  iU  rotation  one  reroli^ 
tion  moves  upon  a  second  dial  an  index  to  the  exlent  of  one  eighth  of  il)  dr- 
comlcrence,  moving  the  inclined  plane  to  a  proportionate  extent  Bj  tUa 
ibnple  urrangenieDt  the  motions  are  rendered  very  steady  snd  occunte,  and 
e^t  distinct  ain  may  thus  be  performed. 

I^ie  third  section  coiuists  in  the  application  of  a  set  of  dampers  lo  tba  adt- 
performing  action,  which  are  altogether  independent  of  the  dampers;  w  that 
each  note  of  the  iclf-acting  or  mechanical  port  of  the  instrument,  in  common 
with  each  particular  note  of  the  finger  action,  possesses  its  approprialo  damper, 
connected  with  and  identified  by  its  kindred  note,  hammers,  or  keys,  nod  acHug 
sifnuitaDOoualy  therewith.  lu  conjunction  with  the  application  of  the  niMb*- 
oical  damp*^r9,  suitable  staples  are  introduced  into  the  cytiiidi-r!,  ;i1iii;h,  acting 
npon  pich'T  ";rri;i;!,-ir  .Viniyirr  .i;  ■-■■'■:■.""  'V.  ni-'v  r.  ■7;ir^.  ;'i-.i":nd  ■  il-  uiht  ition,  and 
' '       '  ■  i  relative 


b  of  hannooious  combinations,  in  the  aame  manner  as  the  finger  of  a 
ler  mitains  the  vibration  of  chorda,  whose  exiatence  ia  lo  be  prolonged 
J  oontiiuied  presnure  of  the  keys,  according  to  the  duration  expressed  by  the 
■etauuiud  Taliie  given  to  them  by  the  author  in  the  composition  performed. 
In  addtliaa  lo  this,  the  whole  set  of  mechanical  dampers  are  occasionally  railed 
hj  Ae  CTliodet,  according  to  circumstances,  in  order  to  produce  the  e&ecl^  or 
ftdl  twdl,  of  mt  open  pedal  when  moved  by  the  foot  of  the jperfbrmer. 

PIER.  A  strong  erection  jutting  into  the  sea,  for  affiirding  shelter  to 
•hipping  and  small  craft,  or  for  the  convenience  of  landing  goods  and  paa- 
•engen.  For  the  former  purpose  they  are  usually  constructed  of  very  massive 
and  durable  materiale,  wrougiit  toeetber  in  the  most  solid  manner ;  auch  as 
'""""'—■  atones,  dovetailed  into  each  other,  and  cramped  with  iron,  being  sup- 
ported on  the  outaide  by  large  piles  driven  into  tbe  ground,  and  etrongly  framed 
together  by  several  rows  of  cross  pieces.  A  rocky  point  is  generally  cliosen  (if 
to  be  obtamed)  for  joining  the  pier  lo  the  land  ;  the  other  end  ia  extended  out 
into  the  sea,  either  in  a  nght  line  or  a  curve,  but  more  generally  the  latter,  to 
form  an  enclosed  harbour  for  shipping  within  the  curve.  Breakwaters  are  more 
freqneDlly  in  straight  lines ;  chain-piers  are  also  straight,  as  that  at  Brighton : 
the  construction  of  these  is  precisely  similar  to  suspension  bridges.   See  Bkidoe. 

PIERS,  of  a  Bridge.     The  walls  or  massea  from  which  the  archea  spring. 

PIERS,  in  Building  and  ArchUecturt.  The  wall  interposed  between  two 
windows ;  also  the  buttresses  or  masses  of  wall  raised  to  strengthen  buildings. 

PILE-ENGINE.  A  machine  for  driving  piles  into  the  ground,  to  maSe  a 
solid  foundation  for  buildings,  the  construction  of  pien,  wharfs,  &c.  As  theae 
engines  are  of  every-day  observation,  aud  arc  figured  in  all  previous  works  of 
this  nature,  vc  sbaU  confine  ourselves  to  a  brief  verbal  description.  By  means 
of  the  mechanism  of  a  common  crane,  a  heavy  iron  weight,  called  the  ram,  ia 
raised  perpendicularly  between  two  lofty  guides  of  timber,  framed  together  at 
tbe  top  and  laterallj',  clear  of  the  ram.  Just  as  the  ram  attains  lo  its  highest 
elevation,  a  projecting  lever  from  the  hook  to  which  the  ram  is  suspended  meet* 
with  a  fixed  obstruction  to  its  upward  passage,  that  bends  the  lever  downwards, 
and  thus  unhooks  the  ram,  which,  falhng  from  a  great  height,  strikes  tbe  head 
of  the  pile  with  tremendous  force,  driving  it  into  the  ground.  The  hook  and 
cbain  DOW  descend,  and  the  hook,  coming  in  contact  with  tbe  top  of  tbe  ram, 
lock*  iltelf  thereto  again  by  means  of  a  spring  or  lever-caclh,  when  it  is  drawn 
up  again  to  repeat  the  operation. 


PIPES. 

PIN.  A  well-known  litlle  initrumcnt,  chiefly  uied  to  adjuil  or  faslrn  the 
clothes  of  women  and  children.  Although  conaiating  of  merely  a  piece  of  vrire^ 
with  a  head  and  a  noinl,  great  mechanical  ingenuity  hai  besn  exercised  to 
perfect  its  construcnon  at  a  cheap  rate;  but  such  is  the  extent  of  the  col^ 
sumption,  and  consequent  imporlaDce  of  the  manufBclure  of  piQ»,  that  there  n 
many  eslahliahmcnta  nhere  upwsrdi  of  two  tons,  containing  about  20,000,000 
in  number,  arc  made  weekly.  The  ordiaan/  method  of  mating  pins  has  been 
thui  described  by  vaiiouB  authors  on  the  subject.  Brass  wire,  drawn  to  the 
required  aixe,  is  straightened  by  drawing  it  between  steel  |rins,  set  in  a  zigza 
form  upon  a  beocb,  and  aAerwards  cut  into  such  lengths  as  will  each  make  si 
jHQg  of  the  required  size.  These  lengths  are  pointed  at  the  cuds  by  ho^,  who 
■it  each  with  two  email  giindstoncs  before  him,  turned  by  a  wheel.  Taking  up 
a  handful,  he  apphes  the  wires  to  the  coarsest  of  the  two  stones,  moving  them 
round  at  the  lanie  liroe,  and  in  such  a  position  as  to  produce  evenly-rounded 
and  well-tapered  conical  points,  which  are  perfected  and  sbarpeoed  by  him 
slterwards  upon  the  smooUier  stone.  A  lad  of  twelve  years  of  age  will  ihua 
point  16,000  in  an  hour.  Hie  length  of  a  pin  is  then  cut  off  each  end  of  the 
painted  wire,  and  the  remaining  portion  of  wire  is  treated  in  a  similar  manner, 
■ucocasiTely,  until  the  six  pins  of  each  length  have  been  pointed.  The  next 
operation  is  heading,  or  rather  "head-spinning;"  the  heads  being  prepared  fbr 
■ubsequeut  putting  on,  by  winding  a  linet  wire  around  another  wire  of  the  azt 
of  the  pin,  by  the  rapid  revolution  of  a  kind  of  spinning-wheel.  The  internal 
wire  being  drawn  out  leaves  the  external  wire  of  the  form  of  a  tube  of  circum- 
volutions 1  this  tube  is  cut  into  short  lengths,  of  only  two  circnrnvolutions,  each 
of  which  forms  one  head ;  these  are  made  red-hot  in  an  iron  pan,  over  a  funiaev, 
to  soften  them,  that  they  may  not  spring  under  the  liammer  in  fixing  them  on. 
These  annealed  heads  are  distributed  to  children,  who  sit  with  little  anvils  and 
hammers,  the  latter  being  worked  by  means  of  the  feet  upon  treadles.  Taking 
up  a  pin,  they  thrust  iu  blunt  end  amongst  a  quantity  of  the  head-spinnings; 
and,  catching  up  one,  they  apply  it  immediately  to  the  anvil,  and,  by  means  of 
two  or  three  blown  of  the  hammer,  compress  the  head  firmly  upon  the  end  of 
the  wire,  with  remarkable  dexteri^-.  The  several  motions  of  the  little  operator 
succeed  each  other  so  rapidly  that  it  requires  the  closest  observation  of  the  pro- 
cess, many  times  repeated,  to  enable  a  stranger  to  perceive  how  it  is  perfonned- 
The  pins  have  now  lo  be  whitened,  which  is  effected  by  nutting  them  in  a 
solution  of  tin  in  the  tartaric  acid.  Here  they  remain  until  tliev  have  acquired 
an  extremely  thin  coat  of  the  tin,  which  preients,  when  withdrawn  from  the 
bath,  but  a  dull  appearance:  the  pins  ate  therefore  thrown  with  some  bran  into 
a  barrel,  which,  bemg  in  revolution  upon  its  axis,  the  bran  thus  tubs  the  pint 
quite  bright ;  they  are  then  taken  out,  and  the  bran  separated  from  them  by 
a  winnowing  machine.  Machmes  have,  however,  been  recently  colistructeii, 
in  which  a  coil  of  wire  is  converted  into  pins  without  ony  manual  intervention, 

PINCHBECK,  or   PajNCE's  Metil.     An  alloy  of  capper,  much  retmn- 
bling  gold  in   colour.      It  coosiats  of  one  part  zinc  to  fire  or  six  puts  of 
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PINION,  in  Meciania,  a  amaU-toolhed  wheel,  which  drives,  or  is  driven  by, 
a  larger. 

PINNACE.  A  small  vessel,  navigated  with  oars  and  sails,  and  having 
generally  two  masts,  which  are  rigged  like  those  of  a  schooner.  One  of  the 
boais  belonging  to  a  man-of-war,  for  carrying  the  officers  to  and  from  the  shore, 
is  called  the  pinnace. 

PIPE.  A  cask  containing  from  110  to  140  gallons  of  wine;  the  Madeira 
pipes  conlaioing  about  110,  and  the  Pott  and  Lisbon  from  138  to  1-tO  golUms. 

PIPES,  for  the  conveyance  of  water  and  other  liquids,  are  made  of  lead,  iron, 
stone,  pottery,  wood,  Indian-rubber,  &c.  Of  iron  there  ore  two  sorts, — wrought 
and  cast. 

Wnmffil-irca  pipn  are  made  out  of  plates  of  the  required  thickness,  length, 
and  breadlhi  so  that  when  colled  into  a  circular  form,  the  edges  may  lap  over 
••ch  frtber.   To  make  sound,  good  work  of  this  kind  requires  great  addrns  and 


l)i«  welding  operatian,-  so  tlist  Ihe  ordinary  smith 
mpu  i^  prererring  to  nnrcbose  the  article,  or  get  it  made  by  the' 
K-mtken.  The  muiulactuie  of  wrought-iron  tiibea  hoe  lately,  wltli 
le  (ucceii.  heea  eSected  by  machinery,  under  a  patent  granted  to 
home  (far  Mr-  Ruuel),  of  Wedneabury.     The  tides  of  this  metal 

up  with  snogei,  so  ai  to  bring  the  edges  nearly  together,  he  intro- 
tubea  ■•>  prepared  into  a  (iimace,  and,  when  broiielit  to  a  welding 
c  operation  of  ■  small  till'liammer :  the  face  of  the  liammcr,  ai  weU 
[be  anvil,  have  seml-cylmdrical  grooves,  corresponding  with  the  lijui 
ef  the  tubes  under  manufacture  ;  and  between  these  the  tube  is  gra- 
nd along,  receiving  in  its  progress  a  rapid  euccessian  of  blotvs  from 
T.    When  the  welding  is  thus  complet^  the  tubes  arc  in  a  rougii 

ue  therefure  again  healed  in  the  furnace,  and  passed  between  luge 
tts,  vbich  give  to  the  tubes  a  smooth  cxlcnor  surface ;  as  tlicy 
m  the  pressure  thus  given,  they  come  in  contact  with  a  Hxed  round 
I  proper  size  of  the  bore  of  the  tubes  or  pipes,  over  wliich  they  ore 
lie  nillen ;  and  tlius  the  interior  as  well  as  the  exterior  are  brought 
)  and  true  cylindrical  surface. 
ipipei,  of  which   immense  qua 

and  other  Huids,  are  made  in  1 
ifiu  prepared :  strong  cast-iron  flanged  cyLnders.  about  three  feet 
wving  an  internal  diameter  greater  than  the  outside  of  the  Intended 
te  cylinders  divide  Igngitiidinally  into  halves,  which  are  secured 
'iron  cramps;  in  this  state  one  of  them  is  placed  upriglit  upon  n 
llioD,  underneath  the  Jib  of  a  crane,  to  which  is  suspended  a  smooth 
DiandHl ;  Ibis  mandril  is  then  lowered  perpendicularly  into  the  centre 
idrical  mould  until  it  rests  in  a  hole  in  the  stand  at  the  bottom,  and 
od  the  mandril  a  void  space  of  equal  dimensions,  in  which  position 
i  by  wedging  pieces  at  the  top.    band  duly  prepared  and  moistened 

into  the  void  space  by  degrees,  until  it  is  nlled,  ramming  it  down  at 

0  render  it  equally  solid  throughout.  The  smooth  mandril  is  then 
rawn  out  by  the  crane,  and  tlie  sand-chor^ed  cylinder  is  removed  to 

stove.  Other  cylinders  are  similarly  charged,  and  dried  in  the 
make  the  core,  the  moulder  takes  a  quadrangular  bar  of  iron,  about 
;er  than  the  intended  pipe,  wraps  it  along  with  a  bay-band,  and 
mtrically  into  a  pipe  smooih  In  the  inside,  of  the  length,  and  of  the 
lal  diameter  as  the  required  pipe  ;  a  mixture  of  sand  loam,  hair,  &c. 
med  between  the  cylinder,  and  is  thus  forced  amongst  the  fibrous 
ind  the  bar,  to  which  it  lirmly  adheres  wheu  drawn  out  of  the  smooth- 
ler;  the  core  tinu  produced  being  dried  in  the  stove,  is  ready  for  the 
LS  the  length  of  cast-iron  pipes  for  water  is  usually  nine  feet,  three 
re-menliOQed  cylindrical  sand-boxes  are  put  into  requisition  for  the 
liey  are  placed  one  upon  the  other  upright  in  a  pit,  and  connected 
f  coiten  through  their  flanges.  The  sand  and  loam  core  before 
is  now  carefully  lowered  from  a  jib  into  the  centre  of  the  combined 

which  is  insured  by  a  projecting  piece  of  the  iron  bar  enterine  a 
le  bottom,  and  the  upper  end  ts  secured  by  a  collar  of  clay,  'rbe 
left  between  the  core  and  the  cylinder  of  sand  is  now  filled  nilh 

1  through  an  orifice  in  the  clay  at  top,  by  means  of  a  ladle,  charged 
p  hole  of  the  furnace,  which  is  earned  and  poured  into  the  mould 
ers,  if  not  too  heavy ;  but  jf  so,  this  carriage  is  assisted  by  a  truck 
d  Uie  ladle  or  pot  discharged  by  the  aid  of  pulley  tackle.  When 
is  cooled,  it  is  hoisted  by  the  crane  altogether  from  the  pit;  the 
arc  taken  off,  the  iron  rod  withdrawn,  and  the  pipe  being  cleared 
nd  inside  and  out,  is  ready  for  clearing,  examination,  and  use.  In 
of  very  hl^e  cylinders,  a  similar  process  is  adopted,  except  that  the 
lowed  to  flow  directly  &om  the  furnace,  along  a  trench  into  the 

t  pateiU  Pipm.—h  patent  was  taken  out  in  1826  by  Mr.  Walter 
f  Sbvtfcrrd,  in  Essex,  for  the  manufacture  of  water  or  other  p)p«^ 


that  tliouH  be  as  durablp,  but  Ic 


y,  than  the  caal-iro) 


pipes  we  have 


'  been  just  describing ;  and  at  Ibe  mimuJaclure  of  these  may  be  advantBgeouilT 
conducted  in  siluations  wlipre  the  products  of  a  foundry  cannot  esiily  tie  pro- 
cured,  ne  annex  the  iogenionii  process  of  Ibe  palenlee. 

Sheets  or  strips  of  iron  or  CDpiicr  are  selected  of  the  appropriate  lengtha, 
breadths,  and  thicknesse*,  for  making  the  proposed  pipes.  In  making  a  cylin- 
dricd  pipe,  the  slieet  must  be  of  greater  width  than  the  circumference  required, 
and  of  a  true  rcctangitlar  figure.  Each  of  the  two  oppoaite  edges  are  then  to 
be  doubled  ot  folded  back,  aa  shown  b\  the  annexed  figure  o.     The  sheet  is 


9  a  cjlindrieal  fonn,  a 


tbtu  lo  be  bent  round  by  the  ordinary  means  ir 
(.'dges  turned  back  aa  shown  in  the  annexed  Fig. 

of  iheet  iron,  of  the«ainethickneii  and  length  ai  the 

mentioned,  with  parallel  sides,  is  then  doubled  back  at  the 

edges  in  the  aame  manner  ns  shown  ate;  this  piece  is  then 

«lided  over  the  ends  of  b,  so  tliat  the  edges  of  both  shall 

mutually  envelope  and  brace  each  other,  in  the  manner 

exhibited  in  the  following  Fiff.  d;  the  joinu  thus  made  are 

then   brought  into  close   contact   by  hammering.     Thia 

method  of  joining  the  tubes  may  with  equal  Cicilily  be 

effected  on  the  inside,  if  in  turning  the  sheet  up  into  the 

cjlindtical  shape  it  be  bent  the  reverse  way,  as  shown  in  J 

ing  part  of  the  joint  being  inside,  is  preferable  in  matiy 

now  described,  the  patentee  calls  liis  amar  tube,  to  distinguish  it  (rom  thi 


the 


exterior  covering  it  afterwards  receives,  to  increase  its  strength  and  durability. 
This  is  effected  by  winding  round  the  inner  tubes  iron  hoops,  or  narrow  strips 
of  metal,  rivetted  end  to  end  in  a  spiral  direction,  witli  the  coils  in  close  contact 
generally,  but  Bmnetimea  a  little  apart,  to  give  them  elas^city  in  bending;.  Ilia 
operation  is  performed  by  fixing  the  tube  upon  a  wooden  r^ler,  of  a  diameter 
nearly  corresponding  with  tlie  internal  diometerof  the  said  tube,  and  the  rrdler 
is  mounted  horizontally  upon  on  iron  axle  in  a  fixed  frame,  with  a  handle  for 
turning  it  round  at  one  or  both  ends.  One  of  the  ends  of  the  hoop  iron  is  then 
made  fast  to  the  end  of  the  tube  by  a  rirel.  and  being  held  in  an  oblinue  pod- 
tion  with  the  axis  of  the  roller,  the  latter  is  turned  round,  while  sufficient  tcn- 
aion  is  given  to  the  hoop  iron  to  make  it  lie  close  and  tight  to  the  tube  during 
the  coiling  operation ;  after  which  it  ia  fastened  to  the  other  end  of  the  tube 
by  another  rivet.  A  hoop  or  ring  is  now  put  on  hot,  to  each  end  of  the  tube 
at  right  angles  with  the  axis,  for  the  greater  security  of  the  previous  bindinej 
theie  end  hoops,  aa  they  cool,  contract  in  Iheir  circumference,  and  consequently 
fix  themselves,  and  bind  all  the  parts  of  the  tube  firmly  together. 

The  tubes  are  next  to  be  immersed  in  liquid  cement,  contained  in  a  vessel  of 
siulable  capacity  to  receive  them;  the  cement  is  thus  made  to  enter  and  fill  np 
every  fissure  or  intentiee  between  the  several  parts  of  the  tubes.  The  cement 
is  composed  of  the  following  ingredients  and  proportions,  mixed  and  melted 
together:  vii.  3 lbs.  hecs'  wax,  24  lbs.  IJnseed  oil,  12 lbs.  common  white  resin, 
IS  lbs.  pitcli.  I  lb.  tajlow,  and  16  lbs.  of  plaster  of  Paris,  or  Bomon  cement,  or 


I  is  desired  Id  pw*  ■  greater  d^ne  of  da>- 
3  liu.  of  Indiu)  rabbtt,  pwrimuJy  diiwjli  uil 
01  five  qilsris  of  d3  of  Rnpcntuie,  are  to  be  added. 

To  protect  the  outsde  of  the  pipes  from  rm^  cne  or  more  lajen  of  canrai, 
aturated  with  the  cement,  are  Co  be  nrappcd  Ramd  it.  In  lien  of  thii,  Mcne- 
times  the  palenleea  put  a  tnbe  of  aheel  iion  for  tlie  Cilcmil  coTeiing,  kod  fill 
up  the  inleiatices  between  with  cemenl. 

In  order  to  connect  nich  pipe:  ti^clher,  A  tobe,  timilar  to  those  already 


described,  is  prepared,  of  a  length  somewhat  nme  than  itt  diameter,  which  thndd 
be  about  three  quatten  of  an  inch  greater  than  d>a  diameter  of  the  tubei  to 
be  connected :  the  latter  bdog  placed  end  to  end,  with  the  piece  of  conoectii^ 


tnbe  extending  eqoaliy  over  each,  and  the  h"""!"'  ipace  between  the  tubes  arc 
filled  in  with  cement.  To  nreveul  the  cemait  bom  getting  in  between  the  two 
oppoied  end*  of  the  tnhei,  tbey  are  previously  bfoog^t  into  contact,  and  covered 
at  the  point  of  juDCtion,  with  a  pley  or  two  of  oakum.  At  eadi  end  of  the  coo- 
nectingtubeiilixedawoodeo  ring,  and  the  Rnnnhuthni  rendered  uniformisfilled 
with  the  cement,  in  a  hot  and  liquid  state,  liy  an  ircn  lyringe  inieited  in  a  hole 
made  in  the  connecting  lube.  Instead  of  irm,  the  patentee  makea  use  of  wood 
mnetinMt  Ibt  hii  inner  tnbe* ;  theae  are  compoaed  of  a  nimiber  rf  [Hece*  laid  loi^ 
gttudinaDy  aide  by  nde,  and  arranged  in  adme.  Tbit  tnbe  iaptttt^on  a  wooden 
latter,  milar  to  the  before-mentioned,  and  bdng  turned  round,  tt  ii  corered 
qiirally  with  iron  boopi.  For  large  nied  tube^  wood  ia  preferable,  aa  being 
ttiAr  and  atronseT  than  thoee  made  oi  iheet  iron  of  moderate  thickneai.  The 
wooden  Inbet,  Mond  in  iron,  are  completed  by  rinular  proceHe*  to  thoaa 
daacribed  in  the  other  kind. 

Bagihaw'a  patent  eardMO  pipe*  an  tbna  made : — Qtlindrical  plugi  of  wood, 
of  the  tame  diameter  aa  the  bOTe  of  the  intended  pipe,  and  <rf'  the  aame  length, 
an  coated  with  a  mffident  thickneaa  of  clay,  or  plastic  earth,  which  bai  Iwen 
Ady  pvqiared  in  the  manner  practiud  in  the  potteriei.  To  pnfect  the  exteriiv 
fam  (£  the  pipe,  an  external  mould  is  to  be  employed,  conautin^  of  two  Mmi- 
tjSaixktl  ptecea,  which  are  to  be  placed  on  each  aide  of  the  intended  jup^ 
when  the  edges  are  to  be  brought  togetber  by  icrewin^  them  un,  which  wil 
ireta  out  the  superfluous  clay  from  the  mould ;  the  eitenor  moulo  being  ned 
removed,  the  pipe  will  be  found  completely  formed  upon  the  plug :  in  this  state 
it  is  to  be  dried ;  after  which  the  plug  may  be  easily  withdrawn,  and  the  pipes 
finiabed,  by  baking  them  in  an  oven.  The  pipes  are  to  be  connected  together 
by  inserting  the  smaller  end  of  one  into  the  larger  end  of  another,  and  filling 
up  the  interstices  between  them  with  Roman  or  other  soft  fluid  cement  Pipes 
{vodnccd  in  a  similar  manner,  of  which  the  material  was  a  cvment  or  imilaaon 
of  ttont,  have  likewise  been  brought  into  use. 

Some  years  since  Mr.  Murdock  took  out  a  patent  for  the  economical  fabrica- 
tion of  pipa  tif  reai  ilone,  the  process  combbmg  the  advantage  of  making  solid 
cylindett  at  the  same  time.  In  forming  a  pipe  or  hollow  cylinder  of  stone, 
'  '  i  of  cutting  out  in  useless  scraps,  or  grinding  to  powder,  the  whole 
ter  of  the  bore,  the  patentee  cuts  out  a  core  or  solid  cylinder,  whose  out- 
aide  diameter  is  only  about  half  an  inch  less  than  the  inside  diameter  of  the 
npe.  In  like  manner,  when  he  intends  to  form  a  column  or  solid  cylinder,  or 
disc  of  stone,  instead  of  breakmg  off,  cutting,  or  chiseling  away  the  super- 
flnons  parts  of  the  stone,  these  parts  are  formed  into  a  hollow  cylinder,  the  core 
of  which  is  the  solid  cylinder  or  dine  required.  Hence,  if  the  stone  is  large 
enough  to  leave  the  outside  parts  of  a  proper  thickness,  these  parts  may  be  used 
a*  a  pU>e,  and  the  core  may  either  be  used  as  a  solid  cylinder  or  column  ;  or, 
by  a  farther  operation,  it  maj'  be  converted  into  a  pipe,  and  the  cylinder  cut 
out  of  it  may  again  be  converted  into  another  pipe,  which  process  may  be  con- 
tinned  imtU  the  core  cut  out  is  too  small  to  be  usefilL  Ine  fallowing  ia  the 
mode  adopted  by  the  patentee  of  accomplishing  it: — he  fixes  the  block  of  stone 
to  be  perJorated  in  an  upright  position,  and  in  the  centre  of  the  lop  of  the  block 
of  stone,  a  step  to  receive  the  toe  of  a  vertical  spindle,  which  derive*  its  motioa 
ftom  a  pulley  turning  in  plummer-blocks  in  a  fixed  frame  above;  this  aii*  ia 
coniiderably  longer  than  the  pipe  or  column  to  he  formed,  having  the  faculty 
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of  sliding  verlickll;  through  tlie  aforMnid  honEontol  pulley,  orer  wbicfa  it  u 
luspeadcd  by  a  rope  that  pusses  round  a  vErticnl  pulley,  and  ibence  is  connected 
lo  a  winch  to  wind  up  tbe  axia  M  pleasure.  The  saw  employed  ii  at  the  edgs 
□f  a  hoUotr  cylinder  (on  the  lome  plan  as  tliat  deKribed  by  us  Tor  trrpanning. 
under  the  article  AN^['I.AH  Saw),  and  lhi>  hollow  cylinder  u  turned  by  the 
■pindle  through  the  medium  of  ciou-arma,  through  which  the  axil  slides;  and, 
in  order  to  give  the  requiaite  force  to  the  annular  aaw,  the  top  of  the  lube  to 
which  it  ia  fixed  is  loaded,  provided  itj  own  weight  be  insufficient :  the  rootioD 
giren  to  the  saw,  though  circular,  is  reciprocating.  To  etTect  thii,  a  ro{K  pasaei 
round  the  pulley  at  the  upper  part  of  the  axis,  and  the  two  ends  of  (he  rope  are 
conducted  lO  opposite  directious  over  two  vertical  pulleys,  over  which  the  t»o 
ends  of  the  rope  reipeclively  fall,  where  they  ore  each  furniahed  with  a  crois- 
handle;  one  workman  takea  hold  of  one  handle,  and  another  workman  tlie 
other,  and  pulling  alternately  the  pulley  at  the  top  of  the  axii,  together  with 
the  annular  saw,  is  made  to  reciprocBle  circularly,  cutting  an  annular  groove  in 
the  block  of  stone.  A  boircl  of  sand  and  water  is  made  to  deliver  these  essen- 
tial auxiliaries  to  the  saw  in  the  following  manner : — it  ia  directed  to  the  upper 
end  of  the  aiia  above  tbe  tube,  which  it  enters,  and  runs  down  into  the  annular 
eroove  under  the  edge  of  the  saw,  whence  it  flows  upward  hy  tlie  pressure  of 
the  continued  descending  cuireut  on  the  opposite  tide,  and  thua  carries  off  the 
sludge  clear  of  the  saw.  Stone  luhea  of  thii  kind  were  employed  hy  tbe  Man- 
chealer  Water  Worka  Company. 

Elastic  tubes  of  Indian  rubber  are  extensively  uied  for  the  transmission  of 
gas  and  corrosive  liquids ;  and  they  are  admirably  manufactured  by  Mr.  Thomas 
Hancock,  of  Goa well-street  Road.  Mr.  Thomas  Skidmore,  an  American  gen- 
tleman, whose  process  ia  a  good  one,  is  as  follows  : — Take  a  cylindrical  rod  of 
iron  of  the  desired  length,  round  this  closely  coil  annealed  wire  in  tbe  manner 
of  a  apiral  spring,  care  being  taken  that  the  edges  of  the  coiled  wiis  shall  touch 
each  other,  but  shall,  at  the  aame  lime,  not  be  so  firmly  wound  as  to  prevent  it) 
slipping  off  the  rod :  then  cover  the  wire  with  tape  spirally  from  end  to  end. 
and  upon  it  lay  strips  of  Indian  rubber,  wound  in  a  similar  manner,  with  their 
fresh  cut  and  clean  edges  lapping  upon  each  otlier.  Then  bind  these  down 
tightly  with  another  coil  of  tape.'  after  this  withdraw  the  rod,  and  bo3  the  tube 
in  water  for  an  hour  or  two ;  when  cool,  remove  the  wire  and  tapes,  and  an 
Indian  rubber  tube  will  be  produced,  which,  though  rough,  will  Ik  perfectly 
sound  if  the  process  has  been  properly  conducted. 

The  method  of  rooking  Uaden  wpa  baa  been  deacribed  under  tlie  article 
Lkah  ;  but  we  will  take  the  opportunity  of  mentioning  in  this  place,  that  it  appear*, 
by  aome  recent  experiments  made  by  Mr.  Jardine,  of  the  Water  Company's 
Works  at  Edinbuc^h,  that  a  lead  pipe  of  1)  inch  bore,  and  the  fif\h  of  an  inch 
ia  thickness,  was  found  capable  of  auatoining  a  power  equal  to  that  of  a  column 
of  water  1000  feet  high,  which  is  equal  to  30  atmoapberea,  or  420  pounds  per 
square  inch  of  internal  surface.  With  a  pressure  of  1200  feet  it  began  to  swell, 
and  St  with  1400  feet  it  bunt.  In  another  experiment,  a  pipe  two  inches  in 
diameter,  and  one-fifth  of  an  inch  thick,  sustained  800,  but  burst  with  1000 


Wooden  f^t  for  the  conveyance  of  water,  are  bored  hy  means  of  large  iron 
augers,  worked  by  one  or  two  men,  who  commence  with  a  small  bore,  and 
increase  it  as  the  work  proceeds,  by  changing  the  auger  lo  a  larger  aiie,  which 
are  sometimes  extended  to  eight  or  nine  inches  in  diameter,  Tlie  tree  in  the  pro- 
cess of  boring,  is  laid  horizontally  upon  tressels  constructed  to  support  and  bold 
it  (irmly,  and  the  augun  ore  aimitarly  supported  and  guided,  so  as  to  pass  cen- 
Irlcnlly  tbrougli  tbe  tree.  Tlic  manual  operation  is  of  course  alow,  and  extremely 
laborious ;  machinery,  worked  by  steam,  or  other  power,  has  therefore  bren 
introduced  lo  execute  the  work.  The  piece  of  timber,  or  tree,  is  held  down  upon 
a  &ame  hy  chains  passing  over  it,  and  round  two  windlasses.  The  frame  and 
tree,  thua  boimd  together,  run  uihhi  small  wheels  traversing  two  long  beams, 
called  groUDd-sills,  placed  on  each  side  of  a  pit,  dug  to  receive  the  chips  made 
by  tbe  borers.  At  one  end  they  are  conneeied  by  a  croaa-beam,  bolted  upon 
them ;  this  supports  the  bearing  for  a  shaft,  the  exlremiti'  of  which,  beyond  the 
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fapofbnted  aft  the  end  of  a  square  hole  to  receive  the  end  of  the 
Hw  tnnher  and  carriage  are  made  to  advance  towards  the  borer  bj 
of  vopai ;  one  rope  heing  made  to  wind  up,  while  the  other  gives  out 
tiba  carriage  and  piece  of  timber  backwards  and  forwards  according 
ia  tnmed.  The  weight  of  the  borer  is  supported  by  a  wheel 
■■■■■■ff  hetptcn  vqprigfats  fixed  on  a  block,  the  end  of  which  rests  upon  the 
mnmttSk :  it  is  moved  forward  by  means  of  two  iron  bars,  pinned  to  the 
«Ml  cnwibar  of  the  carriage.  The  distance  between  the  wheel  and  the  car- 
li^fi  a^be  varied  bj  altering  the  iron  bars  and  pms,  so  as  to  bring  the  wheel 
alv^B  m  near  aa  convenient  to  the  end  of  the  tree.  The  shaft  may  be  turned 
W  mif  §nt  mover.  When  the  borer  is  put  in  motion  by  turning  the  wbeel,  he 
mmtn  the  tree  up  to  die  borer  that  pierces  it ;  when  a  few  inches  are  bored,  he 
the  tree  back  by  reversing  the  motion  of  the  wheel,  in  order  that  the 
r  wuj  ftttnm  out  its  chipe ;  he  then  returns  the  tree,  and  continues  the  pro- 
CBH  anlil  the  wofk  ia  finished:  the  borer,  in  this  case,  be  its  size  what  it  may, 
ii  «f  Ifaa  nma  ihi^  aa  that  of  a  common  auger.  We  would  suggest  the 
cmploynient  of  spiral  augers  instead  of  the  common,  as  the  former  would 
ddtver  ihie  chips  as  it  proceeded,  and  not  require  withdrawal  until  the  pcrforar 
turn  was  completed. 

Some  years  ago  Mr.  Howel,  of  Oswestry,  invented  a  machine  for  making 
coDcentric  wooden  pipes  out  of  one  piece  of  timber,  the  mechanism  of  which 
was  on  the  same  pnnciple  as  that  we  have  described  under  Mr.  Murdock's 
patent  for  sawing  out  stone  pipes,  who,  it  appears,  derived  the  principle  of 
operating  firom  Mr.  Howel,  and  modified  it  so  as  to  adapt  it  to  the  cutting  of 
atone. 

Tcbaeethpipet. — ^The  clay  of  which  these  are  made  is  obtained  from  Purbeck, 
in  Dorsetshire,  and  at  Teignmouth,  in  Devonshire,  in  larre  lumps,  which  are 
purified  by  dinolving  in  water  in  large  pits,  where  the  solution  is  well  stirred 
in^  by  which  the  stones  and  coarse  matter  are  deposited ;  the  clayey  solution  is 
*heii  poored  off  into  another,  where  it  subsides  and  deposits  the  clay.  The 
water,  when  clear,  is  drawn  off,  and  the  clay  at  the  bottom  is  left  sufficiently 
dry  for  use.  Thus  prepared,  the  clay  is  spread  on  a  board,  and  beaten  with  an 
iron  bar  to  temper  and  mix  it ;  then  it  is  divided  into  pieces  of  the  proper  sizes 
to  form  a  tobacco-pipe ;  each  of  these  pieces  is  rolled  under  the  hand  into  a 
long  roll,  with  a  bulb  at  one  end  to  form  the  bowl ;  and  in  this  state  they  arc 
laid  up  in  parcels  for  a  day  or  two,  until  they  become  siiiKciently  dry  fur 
pressine,  which  is  the  next  process,  and  is  conducted  in  the  following  manner : — 
The  roll  of  clay  is  put  between  two  iron  moulds,  each  of  which  is  impressed 
with  the  figure  of  one-half  of  the  pipe ;  before  these  are  brought  together  a 
piece  of  wire  of  the  size  of  the  bore  is  inserted  midway  between  them ;  they 
are  then  forced  together  in  a  press  by  means  of  a  screw  upon  a  bench.  A  lever 
is  next  depressed,  by  which  a  tool  enters  the  bulb  at  the  end,  and  compresses  it 
into  the  form  of  a  bowl;  and  the  wire  in  the  pipe  is  afterwards  thrust  backwanU 
and  forwards  to  carry  the  tube  perfectly  through  into  the  bowl .  Tlie  pr«s3  is 
now  opened  by  turning  back  the  screw,  and  the  mould  taken  cut  A  knife  is 
next  thrust  into  a  clefl  of  the  mould  left  for  the  purpose,  to  cut  the  end  of  the 
bowl  smooth  and  flat ;  the  wire  is  carefully  withdrawn,  and  the  pipe  taken  out 
of  the  mould.  The  pipes,  when  so  far  completed,  are  laid  by  two  or  three  days, 
properly  arranged,  to  let  the  air  have  access  to  all  their  parts,  till  they  become 
stiff,  when  they  are  dressed  with  scrapers  to  take  off  the  impressions  of  the 
joints  of  the  moulds ;  they  are  afterwards  smoothed  and  polished  with  a  piece 
of  hard  wood. 

The  next  process  is  that  of  baking  or  burning ;  and  this  is  performed  in  a 
fiimace  of  a  peculiar  construction.  It  is  built  within  a  cylinder  of  brickwork, 
having  a  dome  at  top,  and  a  chimney  rising  from  it  to  a  considerable  height,  to 
promote  the  draught.  Within  this  is  a  lining  of  fire-brick,  having  a  fireplace 
at  the  bottom  of  it  The  pot  which  contains  the  pipes  is  formed  of  broken 
pieces  of  pipes  cemented  together  by  fresh  clay,  and  hardened  by  burning ;  it 
has  a  number  of  vertical  flues  surroundine  it,  conducting  the  flame  from  the 
fire-grate  up  to  the  dome,  and  through  a  hole  in  the  dome  into  the  chinmey 
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Within  [be  pot  several  projecting  rings  are  nim 

the  pipei  are  lupported,  the  end>  resting  tipoa 

iland  on  small  loose  pillara,  riling  up  in  the  i 

■nmll  pot  or  crucible  can  be  made  to  contaii 

riik  of  dsmnging  any  of  tb^m.     The  pipei  i 

nhen  the  crucible  ii  open  ;  but  when  filled,  tills  orifice 

pipes  and  fresh  day.     At  first  tbe  Itie  is  bat  genlli 


';  and  upon  tliese  the  l>]n'la  of 
irculnr  piete«  of  pottery,  whiclt 
nlre.  By  this  anangement  a 
filly  gross  of  pipes  without  ibe 
E  Diit  Into  tlie  pot  a[  oue  aide, 
I  made  up  vilh  brukeil 
■       "is  inereaied  bj 

..  ^ ,     ,  .  I  or  eight  liuun, 

when  it  is  damped,  and  suffered  to  cool  gradually;  and  when  cold,  the  pipes  are 
taken  ont  ready  for  sale. 

PISTON.  That  part  in  a  steam  engine  on  which  the  clantic  force  of  the 
(team  exerting  itself  puts  It  into  motion ;  and  wliich,  through  the  medium  of 
the  piston  rod  connected  thereto,  actuates  the  entire  machine.  The  term  piston 
is  likewise  sometimes  employed  to  designate  what  ii  more  generally  termed  the 
"  backet  "  of  a  pump.  There  h  no  part  of  the  steam  engine  in  which  correct 
principles  of  construction  and  accurate  workmanship  are  bo  essential.  If  the 
fide*  of  the  piston  which  nih  against  the  cylinder  or  steam-way  do  not  loueh 
tn  CTery  part,  the  steam  eicspei,  power  is  lost,  and  fuel  is  wasted.  If  tlie  pisloti 
rubi  hard  in  one  place,  and  sollly  in  another,  the  cylinder  becomes  unequally 
worn,  and  ita  utility  impaired  or  destroyed.  To  obviate  these  difficulties, 
therefore,  the  rubbing  suifaces  of  a  piston  should  not  only  be  made  as  uniformly 
as  possible,  but  olio  elaatic,  in  order  that  it  may  expand  and  fill  up  all  inequnlitjet 
of  turface  with  a  gentle  presstu^.  The  usual  mode  of  effecting  this  object  is 
represented  in  the  subjoined  section  of  a 
common  piston  for  H  low  pressure  engine  : 
a  ii  tbe  lower  face  of  the  piston  made  of 
metal,  to  which  is  fixed  the  piston  rod  £, 
that  passes  through  the  top  plate  e,  which 
is  made  fast  to  the  lower  by  screws  dd; 
atee  is  the  packing  (as  it  is  termed,) 
made  of  hemp,  aaluraled  with  tallow, 
which  is  wound  and  bound  round  the 
annular  cavity  made  between  the  plates 

a  and  c;  this  elastie  packing,  as  it  wears  aiva\  by  ir.  '.r. 

U  occafflonally  screwed  up,  by  turning  the  sctiwt  il  il.  v  :  nii 

ibeddea  of  the  cylinder;  and  when  entirely  reduced,  ilis  rciRnied  by  rqi.-^cking 
with  fresh  materials.  From  want  of  due  care  and  skill  in  this  kind  of  |iacking, 
a  great  loss  of  power  in  an  engine  is  often  instained,  either  by  the  steam  passing 
tbe  piston,  or  by  ita  being  squeezed  so  ti^ht  aa  to  cause  great  friction,  and  soon 
wear  itself  out.  If  tbe  steam  of  on  engine  he  weak,  and  the  packing  of  ilia 
piston  press  lightly  against  the  cylinder,  tbe  whole,  or  nearly  the  whole  of  the 
power  may  be  expended  in  giving  il  motion,  especially  in  cylinders  of  omall 
diameter.  On  the  contrary,  if  the  pnckliig  presses  very  weakly  agmust  the 
cylinder,  and  the  steam  be  very  strong,  llie  steam  will  push  the  packing  away, 
and  pass  to  the  other  side  of  the  piston ;  and  it  should  be  home  in  mind,  that 
when  this  happens,  it  is  not  only  the  loss  of  the  steam,  but  tlie  reaction  which 
it  exerts  on  tbe  other  side,  neutialiEing  an  amount  of  force  equal  to  its  own 
volume.  For  these  reasons,  it  becomes  obvious  that  pistons  shnuld  poaseM 
another  property,  that  of  being  tight  in  proportion  to  the  ,,.     , 

force  of  the  steam  which  presses  upon  them.  Several 
plans  have  been  proposed  to  coustnict  pistons  on  that 
principle,  amongst  which  are  the  following,  proposed  by 
a  correspondent  in  a  periodical  journal  in  1833,  which 
perhaps  deserve  notice,  as  furnishing  useful  hints  to  the 
practical  man. 

In  the  annexed  F^g.  1 ,  A  A  is  a  metnl  plate  tUding 
upon  tbe  piston  rod  j  D  D  is  (he  aoliil  part  of  the  piston, 
connected  with  the  plate  bv  a  band  n  » ;  the  space  C  C 
ii  to  be  filled  with  oil  or  other  oleaginous  fluid.     By  Ibis  arrangement  it  will  he 
evident  thai  tbe  greater  the  force  of  tne  steam,  or  other  prcsstire,  upoalbcsiu-riice* 


do«el}'  will  tbe  pauking  be  picisnl  agniiisl  ilu'  lidfji 


Tlie  annexed/*^  a  i>  a  variafion  from  (he  IssI;  the 
top  and  bottom  plales  are  fixed,  and  tlie  (tesm  acts 
Dpon  ihortbollji  or  plungers  66,  whicli,  by  being  preued 
tnwxrds,  force  onC  the  packing  at  the  iidea.  Fig.  3 
reprennli  a  mode  of  applying  tbe  principle  to  mcloUio 
piitoni.  A  A  ii  B  metallic  plnie  sliding  on  the  piston 
rod,  and  mode  in  tbe  fDrm  marked  by  tbe  dark  line. 
At  B  B  are  metallic  rings  of  a  trianeuW  r<imi,  divided 
and  breaking  joint ;  D  D  Is  the  tolid  part.  The  prec- 
ture  cit  the  it^am  nill  csuie  the  plBlea  to  deiccnil, 
which,  pressing  upon  the  inclined  planes  of  Ihe  rings, 
of  eonne  causes  tnem  to  expand,  and  adhere  to  Uia 
■ides  af  Ihe  cylinder;  a  fimall  apace  a  \tf\,  between 
Uie  solid  part  and  tbe  plates,  to  bUoit  for  the  descent 
of  the  latter,  bul  in  no  way  so  great  eg  reprpMnicd: 
the  figures  being  onlydesiznEd  by  the  inventor  ti>  shoir 
the  principle,  and  not  llie  detaili  of  ci>nsl  ruction - 
Pittoiit  packed  with  hemp  and  tallow  coniinued  In 
□te,  with  very  little  variation,  from  the  Ume  ol  Cuptain 
Sarery  to  that  of  Dr.  CaTtwright,  a  period  of  nJneiy-nini 
dertTman  hud,  however,  ibe  honour  of  firetinlrodncing,  in 


,  in  expanding  or  eUatic  piston  made  entirely  of . 
iidinieniable  utility  in  all  engines  working  at  high  pre 

As  tbb  piston  has  been  considerably  modilii  '  ' 
■hall  hare  to  notice  hereafter,  we  shall  here  si 
ring*  of  brass,  of  the  full  size  of  Ihe  cylinder;  Ibete  rings  were  each  cut  into 
three  or  more  segmenis,  and  laid  one  orer  tbe  otlii^r,  so  as  lo  break  the  con- 
titvuity  of  tile  vertical  joints  between  the  segments ;  concentric  with  those  seg> 
meats  were  a  similar  arran^ment  of  segments  inside  the  others,  which  «er<r 
intended  to  slop  the  steam  from  passing  horiiontally;  in  the  cavity  between  all 
the  segments  were  placed  feather  springs,  designed  to  press  the  segments  outward 
b>  fill  up  the  cylinder  ss  either  that  or  the  piston  wore.  These  pistons,  however, 
proved  very  defective  ;  for  as  the  eiterior  segtnenls  wore,  and  conformed  to  a 
Urger  circle,  the  inner  segments,  which  had  no  wear,  were  no  longer  concentric 
wiUi  ibose  ontside  of  them,  and  crevices  were  thus  opened,  through  which  tlie 
■ttBR)  cacsped  post  the  piston. 

Amongst  those  persons  who  directed  their  attention  to  the  ioiprovement  nf 
thb  Impoitanl  part  of  the  engine.  Mr.  John  Barton  was  the  most  nicoenfuL 
lii  the  annexed  eitgrstings,  eig.  1  represents  a  plan  of  the  piston,  witli  the  tup 


pklo  rvtnovcd,  uid  Fig,  3  a  vertical  seclii 
«■>  llie  idaii.     e  a  a  u  aie  four  metal  icgniciit 


,f  Ihe  same,  taken  on  the  line  Itdb 
\b  foiir  right-Biiglud  wdstJ 
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mteqXMEd  between  the  legmenls,  their  pojcla  fonnuig  a  portion  of  the  pcri|. ^  , 

cece  is  a  thin  sleel  apnng,  fonned  iiiio  a  i-ingle  btoad  hoop,  and  pressed  inM 
the  undulflted  fonu  represented,  by  -which  it  is  found  Ic  Mt  with  uniform  ene»f 
upon  tlie  wedges,  until  they  and  the  segments  becamE  so  much  worn  in  tu« 
tMune  of  time,  that  the  steel  spring  recaien  ittelf  into  its  original  circular 
figure  ;  d  h  the  tame-nork  cast  in  one  piece  with  the  lower  plale  of  the  piitiiii ; 
e  n  the  pston  rod ;  the  dark  spaces  shown  on  the  plan  within  the  circular  frame 
d  are  cavities  to  lessen  the  weight  of  metal;  the  other  dark  spaces  are  cavities 
to  allow  of  the  free  action  »f  the  circular  spring. 

To  prevent  the  segments  from  falling  out  of  their  places  whilst  the  piston  it 
hdng  taken  out,  or  put  into  the  cylinder,  the  periphi-ry  of  it  is  grooved  near  la 
its  upper  and  lower  edge,  in  which  are  sunk  two  slight  iqiring  hoops,  cleft  actosi 
into  forked  joints,  which  close  togelber  simplj  by  their  elasticity.  To  lubri- 
cate the  piston,  lliere  is  a  third  groove,  made  midway  between  the  two  fanner 
for  the  reception  of  the  oil ;  these  parts  are  not  introduced  bto  the  figures. 
The  action  is  as  follows :  at  the  piston  and  cylinder  wear  away  by  the  Ihction, 
the  circular  spring  c  presses  out  the  wedges  b,  and  these  project  the  segments 
against  the  cylinder ;  and  as  the  segments  become  reduced,  the  wedges  till  up 
the  increasing  opening  between  them. 

An  objection  has  been  raised  against  this  piston,  that  as  the  wedges  must 
move  through  B  greater  space  than  the  segments,  in  order  lo  press  thi'  lattirr 
into  the  circum^ntial  line,  the  wedges  must  in  consequence  rub  twice  as 
much  BgainBt  the  cylinder,  and  consequently  score  iL  This  objection  we  belie»c 
to  be  unfounded;  and  as  for  as  our  experience  and  obserrudon  have  extended,  we 
have  found  the  wear  very  uniform.  Mr.  Barton,  perhaps,  softens  the  segments, 
or  makes  them  of  an  aUoy,  which  is  more  easily  abmded  than  the  segment*; 
sometimes  (we  have  been  informed,)  be  obviates  the  supposed  tendency  of 
scoring,  by  cutting  out  a  portion  of  the  end  of  the  wedges,  so  that  iliey  do  not 
bear  upon  their  whole  depth  or  thickness  against  the  cylinder,  conscqumtiv 
they  will  abrade  twice  as  tet  as  thesegment*,  supposing  them  to  be  equally  hard. 
A  great  variety  of  metalhc  pistons  have  been  made  of  late  years,  hut  we  know 
of  none  that  have  so  ftdly  answered  the  purpose  as  the  recently  patented  im- 
provement by  Mr.  John  M'DowaL,  of  Johnslon,  near  Paisley,  who  bos  a 
manufactory  of  them  at  Manchester,  where,  we  understand,  great  Dumben  are 
advantageously  working  in  the  engines  of  the  {actories.  We  have  seen  them  in 
other  parts  of  the  kingdom,  and  can  attest  their  superior  excellence. 

In  the  specificatioa  of  his  patent,  Mr.  M'Dowall  slates,  that  his  experience 
in  the  working  of  cast-iron  pistons  led  him  to  observe  that  the  surfaces  of  the 
mclal  hetweeen  the  segments  and  the  plates  against  which  tliey  slide  rapidly 
corrode,  and  hecorne  converted  into  a  substance  resembling  plumbago,  by  which 
the  eSectiveness  of  the  piston  is  of  course  seriously  impaired.  As  a  remedy 
for  this  defect  in  cnst-iron  pistons,  he  lines  or  covers  the  Bforewid  surfaces  with 
plates  of  brass  or  gun  melnl,  which  he  connects  by  screwing  or  pinning  to  tlie 
cast-iron,  and  ihu.i  acquires  the  durability  of  the  gun  metal  at  a  Irifting  addi- 
tional expense  above  cast-iron. 

Another  important  improvement  which  Mr.  M'Dowall  has  introduced, 
consists  in  a  modified  construction  of  the  segments,  and  in  the  steam  slops 
or  slides  by  which  they  are  pressed  outwards.  In  the  figure  on  the  next 
page  is  exhibited  an  uxtemol  elevation  of  one  of  these  cast-iron  pistons :  a  U 
the  pistoQ  rod  which  passes  through  a  solid  central  block,  the  upper  part  of 
which  is  seen  at  b,  and  through  the  lop  plate  c,  and  bottom  plate  d,  the  latter 
being  made  fast  to  the  bottom  of  Ihe  central  block  throiigh  t^e  medium  of  the 
piston  rod ;  the  top  plate  e,  for  the  convenience  of  removal  at  pleasure,  is  far 
tened  to  the  central  block  *,  by  means  of  screws  ret.  Between  the  top  and 
bottom  plates,  and  around  the  periphery  of  the  central  block,  are  lltted  en 
expanding  ring  of  segnients,  two  of  which  arc  seen  at  //;  these  segment! 
instead  of  being  divided  by  perpendicular  cuts,  as  usual,  have  these  parti 
inclined,  as  seen  at  j,  which  thus  overlap  each  other,  and  cause  the  cyliuiler  to 
be  equally  worn,  r  which  would  not  he  tlie  case  were  the  apertures  bell 
divisions  vertical )     The  inclined  crevices  through  which  (he  steam  might 
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it  itoppod  hy  mojMe  sliding  pieces,  which  are  made  to  press  continually 
i^ainst  &e  segments  by  the  agency  of  springs,  in  the  same  manner  as  the  wedges 
are  acted  cpoii  1^  the  springs  in  barton's  piston,  previously  described.  One  of 
these  sliding  pieces  is  seen  at  g,  the  projecting  part  of  it  being  of  a  rhomboidal 


figure,  that  fills  up  corresponding  notches  made  in  the  comers  of  the  seg* 
ments,  and  those  parts  which  come  in  contact,  and  are  represented  by  a  single 
line,  are  faced  and  ground  to  each  other,  to  prevent  the  upward  or  downward 
passage  of  the  steam ;  and  to  stop  it  laterally,  tne  slides  are  ground  to  fit  the  backs 
of  the  segments  to  which  they  are  connecteid,  by  dove-tailed  grooves,  represented 
by  the  two  parallel  dotted  lines  h  A.  The  double  lines  at  t,  both  above  and  below 
the  segments,  indicate  the  brass  linings  before  mentioned.  Mr.  M*Dowall's 
patent  includes  the  application  of  the  same  improvements,  namely,  the  sliding 
steam  stops,  and  the  brass  linings  to  the  air-pump  buckets  of  steam  engines, 
described  under  the  article  Valve,  to  which  his  principal  improvement  in 
this  appendage  relates. 

PITCH.  A  resinous  substance,  obtained  by  the  inspissation  of  tar.  There 
are  two  methods  of  obtaining  it ;  one  by  simply  boiling  the'  tar  in  large  iron 
pots,  or  by  setting  it  on  fire  and  letting  it  burn  until  it  obtains  such  a  consistence 
as,  by  dipping  a  stick  in  it,  and  exposing  it  to  the  air,  it  readily  solidifies.  Two 
barrels  of  the  best  tar,  or  two  and  a  half  barrels  of  green  tar,  are  thus  con- 
vertible into  one  barrel  of  good  pitcli.  Tiie  foregoing  has  reference  only  to  tar 
obtained  from  the  pine- tree  and  other  vegetable  matters;  but  a  large  quantity 
of  tar  and  pitch  are  obtained  in  this  country  from  coal.  On  the  banks  of  the 
Grand  Junction  C-anal,  in  the  vicinity  of  the  large  iron  and  coal  works,  there 
were  established  some  years  ago  several  "tar-works,"  to  which  the  iron  masters 
sent  their  raw  coal,  gratis,  and  received,  in  return,  the  cokes  produced  by  such 
coal ;  the  proprietors  of  the  tar-works  being  contented  with  the  compensation 
afforded  by  the  smoke  alone  :  the  following  is  the  process  of  obtaining  it : — A 
range  of  eighteen  or  twenty  stoves  is  erected,  and  supplied  with  coal  kept 
burning  at  the  bottom;  the  smoke  is  conducted  by  proper  horizontal  tunnels  into 
a  capacious  and  close  funnel,  of  one  hundred  or  more  yards  in  length:  this  funnel 
is  built  of  brick,  supported  by  brick  arches,  and  covered  on  the  top  by  a  shallow 
pond  of  water,  whicn  pond  is  supplied  with  water,  when  wanted,  by  a  steam  engine 
belonging  to  the  coal  or  iron  works.  The  coldness  of  the  water  gradually  con- 
denses the  smoke,  causing  the  tar  to  fall  on  the  floor  of  the  funnel,  whence  it  is 
conveyed  by  pipes  into  a  receiver ;  from  the  latter  it  is  pumped  into  a  boiler, 
and  evaporated  to  the  required  consistence,  or  otherwise  inspissated  into  pitch : 
when  the  latter  is  the  case,  the  volatile  particles  which  arise  during  the  inspis- 
lation  are  again  condensed  into  an  oil  used  as  a  varnish*    In  this  process  the 
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•moke  ii  decompoaei),  nothing  arising  rrom  tlie  wnrk  but  a  v\\\te  vapour  fr«m 
(□me  unall  fulwi^U  (kept  ojien  lo  give  draTt  to  tlic  fires),  and  a  nnall  evaporation 
of  Tiller  from  tbe  pond,  occBiioDed  by  the  heat  of  tlie  niioke  imdemeatb  it. 
The  process  requires  but  liule  attendance,  Ihe  principal  labour  being  that  of 
■upplying  the  fuel.  In  a  tar^work,  mliere  twenU  tons  of  coal  are  coniumed 
per  day,  three  labourer!  and  a  foreman  do  the  whole  business;  and  the  <|Uan- 
tit;  of  lar  produced  will  be  about  28  barrels  of  2)  cwt.  each;  or  21  barrels  of 
pitch  of  the  same  weight,  in  six  dayi.  Some  eoeli  are,  however,  so  bituminous 
OS  to  yield  one-eighth  of  their  weight  of  tar. 

PIVOT,     A  short  shaft  on  whii3i  a  body  turns  or  revolves. 

PLAN.  A  representation  of  something  according  to  (he  proportion  of  its 
parts,  made  on  a  flat  gurface,  Bs  on  paper,  pasteboard,  &c. ;  such  arc  maiia, 
charts,  &c.  By  the  term  plan,  however,  a  draughtsman  understands  it  lo  be 
either  a  ground  plan  of  a  building,  machine,  &c.,  or  the  arrangement  and 
exact  proportion!  of  a  horixontal  section  made  in  any  part  of  the  same. 

PLANE,  in  Geometry  and  Mechanic!,  a  perfectly  flat  surface  in  whatever 
tKMltion,  as  boiizontal  plane,  rertici]  plane,  inclined  plane.  If  a  sphere  be  cut 
by  a  plane,  the  section  will  be  a  circle.  If  a  prism  or  cyUnder  be  cut  by  a. 
plane,  either  through  or  parallel  lo  its  axis,  the  lection  (ciU  be  a  parallelogram ; 
and  if  either  of  these  be  cut  by  a  plane  parallel  to  it!  base,  the  section  will  be 
similar  to  that  base.  Also,  if  a  cylinder  be  cut  obliquely  by  a  plane  passing 
through  it!  opposite  sides,  the  section  will  be  an  oral  or  ellipse.  If  a  pjTamid 
or  cone  be  cut  by  a  plane  passine  through  the  axis,  the  section  will  be  a  triangle; 
but  if  they  be  cut  parallel  to  the  base,  the  section  will  be  similar  to  the  base. 
ITb  cone  be  cut  by  a  plane  parallel  to  its  side,  the  section  will  be  a  parabola;  if 
it  be  cut  obliquely,  so  that  the  plane  does  not  pass  through  either  the  base  or 
the  tqtposite  cone,  the  section  is  an  ellipse;  if  it  be  cut  by  a  plane  wllieh 
|uuBes  ilirough  the  base  and  the  mipoiite  cone,  but  does  not  pass  through  the 
vertex,  the  section  is  a  hyperbola ;  and,  lastly,  if  it  be  cut  by  a  plane,  either 
parallel  (o  Ihe  base,  or  in  suVconlrary  position  (o  it,  the  section  is  a  circle. 

PLANE.  An  instrument  employed  for  shaving  wood  and  other  subttancei 
lo  a  true  plane  or  smooth  surface,  of  which  there  are  a  great  variety ;  they  are 
usually  divided  into  two  principal  kinds,  namely,  bench-planes  and  moulding' 
plane! ;  of  the  former,  (he  principal  are  (he  long,  jack,  t^ing,  and  nnoothing- 
planes:  each  of  these  is  again  distinguished  into  double  or  single  iron,  according 
■«  tbe  cutting  port  is  formed.  The  single  iron  is  an  iron  blade,  the  lower  end 
of  which  is  steel ;  and  the  culling'cdge  ii  formed  by  grinding  it  to  a  single  acute 
angle,  as  represented  by  the  piece  marked  d  in  tbe  following  cut ;  its  operation 
is  partly  of  a  cutting  and  partly  of  a  scraping  nature.  In  planing  some  kinda 
of  wood  great  inconvenience  was  found  from  this  form  by  its  frequently  (earing 
up  the  surface  instead  of  smoothing  it ;  a  partial  remedy  for  this  defect  was,  in 
Consequence,  introduced  about  thirty  years  ago,  by  which  another  plane-iron, 

(ailed  a  "top-iron,"  represented  at  e,  wa»  added  to  t' '-~ 

one  by  means  of  a  strong  connecting  screw,  which  ci 
edge  to  press  closely  upon  the  lower  one.  The  cutting-edge 
of  d,  which  projects  a  little  beyond  e,  is,  therefore,  the  same 
a*  before;  but  it  is  prevented  from  entering  so  deeply  into 
the  »POod,  or  rather,  the  shaving  which  has  been  abraded  from 
the  wood  receives  a  new  dirceiion  by  the  abnipt  intetposilion 
of  the  (op  iron  e,  and  prevents  the  surface  of  the  wood  from 
being  torn.  This  improvement  is  so  decided  b»  to  cause  almost  an  enUrc 
disuse  of  single  iron  planes.  The  remedy,  however,  is  incomplete,  especially 
for  (ho  planing  of  very  hard  woods;  for  which  purpose,  in  particular.  Mr 
Williamson,  of  Kennington,  has  found  it  advantageous  to  modify  the  single 
iron  d,  by  making  it  of  greater  (hickneia,  and  giving  it  a  bevel  on  both  the  (op  . 
and  bottom  sides,  at  an  angle  similar  to  that  ebown  on  the  under  side  of  J.  By 
this  altered  form  of  edge,  it  will  be  evident  that  it  partakes  more  of  the  icrapmg 
action ;  ye(  it  is  found  to  obvial*  more  effcciiially  the  defects  of  former  construc- 
tions. The  edge  ii  stronger  and  more  durable;  it  gives  a  beautiful  smooth 
■ortace  altnoal  without  the  aid  of  the  scraper;  and,  from  its  utility  lo  workmen, 
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cntitlet  the  mTentor  to  the  reward  (of  ten  guineas)  giren  to  bim  for  it  by  tbe 
Society  of  Arts.  It  u  peculiarly  valuable  in  planing  hard  woods  across  the 
grain ;  as  in  preparing  box  for  the  use  of  engravers. 

PLANE-CHART,  in  Navigation,  a  sea-chart  constructed  on  the  supposition 
of  the  earth  and  sea  being  an  extended  plane  surface.  Such  charts  have, 
consequently,  the  meridians  represented  as  right  lines  to  each  other. 

PLANE-SAILING.  The  art  of  performing  the  several  reckonings  necessary 
Ibr  «mductiiifir  a  ship  on  the  ocean  on  the  principles  of  the  plane-chart 

PLANE-TaBLE.    An  instrument  by  which  the  draught  or  plan  of  an 
estate,  &c  mi^  be  taken  on  the  spot,  while  the  survey  or  measuring  is  going 
on.    It  consists  of  a  perfectly  flat  rectangular  board,  sufficiently  laige  for  the 
pinpose,  the  centre  of  which  moves  freely  on  a  ball  and  socket  attached  to  the 
top  of  three  legs,  on  which  the  instrument  stands ;  by  this  means,  when  the 
legs  are  fixed  in  the  ground,  the  table  may  be  inclined  or  moved  round  in  any 
proposed  directioo.    For  the  purpose  of  fixing  a  sheet  of  paper  on  the  table, 
there  u  a  firame  of  wood,  which  fits  exactly  round  its  edges ;  one  side  of  this 
frame  is  graduated  into  equal  parts,  and  the  other  side  into  degrees  from  the 
centre  of  the  table ;  by  which  means  this  instrument  is  made  to  answer  the 
purpose  of  a  theodolite.    To  the  side  of  the  table  is  screwed  a  magnetic  needle 
and  compass,  to  take  directions  and  hearings ;  and,  lastly,  there  is  a  brass  two 
foot  scale,  furnished  with  two  open  sights,  or  else  a  small  telescope,  serving  as 
an  index.  The  use  of  the  plane-table  is  as  follows : — Having  moistened  a  sheet 
of  writing  or  drawing  paper,  spread  it  flat  on  the  table,  and  secure  it  in  this 
])06ition  by  pressing  down  the  frame  on  its  edges.    When  this  paper  is  dry  it 
will  be  penectly  smooth,  and  ready  to  have  drawn  on  it  the  plan  of  the  proposed 
scene.   We  then  begin  by  setting  up  the  table  at  any  part  of  the  ground  that  is 
judged  most  proper ;  and  having  done  this,  a  point  is  made  in  some  convenient 
part  ^of  the  paper  to  represent  the  spot  wbere  the  instrument  stands ;  we  are 
then  to  fix  in  that  point  of  the  paper,  on  a  \ec  of  the  compasses,  or  a  fine  steel 
pin,  and  apply  it  to  the  fiducial  edge  of  the  mdex,  moving  it  round  the  table 
close  to  the  pin  till  some  desired  point  or  remarkable  object,  such  as  the  comer 
of  a  fieldy  a  tree,  a  picket,  &c.  be  seen  through  the  sights ;  from  the  station 
point  an  obscure  line  is  then  to  be  drawn  along  the  fiducial  edge  of  the  index. 
We  then  turn  the  index  to  another  object,  and  draw  a  line  on  the  paper  towards 
it.     The  same  process  is  repeated  till  as  many  objects  are  set  as  may  be 
deemed  necessary  for  the  purpose.      We  then  measure  from  our  station  to 
each  of  these  objects,  taking  the  necessary  offsets  to  comers  and  bondings 
in  the  edges,  &&,  laying  down  the  measured  distances,  taken  from  a  proper 
scale,   upon  the  respective  lines  on  the  paper.     The  table  is  then  to  be 
removed  to  any  one  of  the  objects  to  which  the  measuring  was  made,  as  a 
second  station.    Here  it  must  be  fixed  in  its  original  position,  tuming  it  about 
the  centre  for  that  purpose,  both  till  the  magnetic  needle  points  to  the  same 
degree  of  the  compass  as  at  first,  and  also  by  laying  the  fiducial  edge  of  the 
index  alone  the  line  between  the  two  stations,  and  tuming  the  table  till  the 
former  station  can  be  seen  through  the  sights  on  the  index  :  it  is  to  be  fixed  in 
that  position.    From  this  new  station  repeat  the  former  operations,  setting 
several  objects  by  the  edge  of  the  index,  and  measuring  and  laying  oS*  the  dis- 
tances. In  this  manner  we  proceed  firom  one  station  to  another,  measuring  such 
lines  only  as  are  indispensable,  and  determining  as  many  as  possible  by  inter- 
secting fines  of  direction,  drawn  from  difierent  stations.     I(  before  the  survey 
be  completed,  the  paper  be  full  of  lines,  measurements,  &c.,  recourse  must  be 
had  to  another  sheet  of  paper.  Draw  a  line  in  any  manner  through  the  farthest 
point  of  the  last  station  line  to  which  tlie  work  can  be  conveniently  laid  down ; 
then  remove  the  sheet  from  the  table,  and  fix  a  perfectly  clean  sheet  in  its 
place,  drawing  upon  it,  in  a  part  the  most  convenient  for  tne  rest  of  the  work, 
a  line  to  represent  that  drawn  at  the  end  of  the  work  on  the  former  sheet  Cut 
or  fold  the  old  sheet  by  this  line,  and  apply  the  edge  so  that  it  may  exactly 
coincide  with  the  corresponding  line  on  the  new  sheet   While  they  lie  together 
in  thif  podtiony  produce  Uie  la^  station  line  of  the  old  sheet  upon  the  new  on^ 
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and  place  upon  it  the  remainder  of  tlie  measurement  of  thai  iliie,  begltutins 
vhers  the  vork  ended  on  llie  old.  Tn  this  niBtiner  the  pToceu  mny  be  continued 
from  one  sheet  to  another,  till  the  proposed  inirrej'  U  complete.  When  the 
BUTV^  is  (iniabed,  the  sheets  are  oil  to  be  fastened  toother,  taking  care  (hat 
the  lines  in  one  slieet  accurately  meet  the  corresponding  lines  in  anolber 
throughout. 

PLANETARIUM.  An  astronomlcnl  machine  of  the  same  nature  us  iIif 
Drrery,  designed  to  exhibit  the  orbits,  motions,  and  pbenomenu  of  the  planets  in 
the  Eolai  sYitem.  In  b  machine  of  this  kind,  which  was  constructed  by  Hu^gens, 
and  is  preserved  in  the  Universiij-  of  Lpjdcn,  the  revolution  of  the  primary 
planets  about  the  sun,  and  that  of  the  moon  round  the  earth,  are  performed  in 
the  exact  time  that  Lhey  are  actually  performed  in,  nature.  Tho  orbits  of  the 
moon  and  planets  are  here  represented  icith  their  true  proportioni,  eccentricities, 
positions,  and  declinations  Irom  the  ecliptic;  and  by  this  machine,  as  by  a  per- 
petual ephemeris,  the  situations,  conjunctions,  oppositions,  &c.  of  the  planets 
for  any  time  may  be  accurately  determined.  Dr,  Deaaguliera  constructed  a. 
very  complete  planelariom,  which  he  has  described  in  his  Count  of  Biperi- 
menlal  PliUiuvphy,  published  in  1734 ;  but  the  most  stupendous,  superb,  and 
elaborate  planetarium  ever  constructed,  was  that  which  was  publicly  shown  in 
London  in  1791,  and  afiemarda  purchased  by  government  to  be  sent  nut  with 
Lord  Macartney,  in  1793,  as  a  present  to  the  emperor  of  "  the  O^/io/ empire." 
It  exhibits  all  the  bodies,  both  primary  and  secondary,  of  the  solar  system,  with 
their  orbits  in  their  due  pro|Mrtiona  and  positions,  and  all  performing  their 
annual  and  diurnal  motions  exactly  as  in  nature,  exhibiting,  at  all  times,  the 
true  and  real  motions,  poutions,  aspects,  phenomena,  and  even  the  inequalities 
of  their  motions  in  elliptical  orbits.  As  engranngs  of  ptanetariums  have,  how- 
ever, been  exhibited  in  all  tlie  Cyclopisilias  and  works  of  mecbanieat  sdence, 
and  as  every  mechanic  well  understands  that  their  motions  are  regulated  by  s 
numerous  train  of  wheels,  which  it  would  be  extremely  tedious  to  detail,  pre- 
cisely in  the  same  manner,  as  in  horological  machines  (the  hands  or  indexes  of 
which,  instead  of  bearing  planets  at  theu:  extremities  point  out  the  time),  we 
shall  content  ourselves  with  referring  the  reader  to  the  article  Aii&onomy  in  the 
Oaford  Eniyeloperdia,  for  a  very  fidl  and  interesting  account,  illustrated  by 
engravine".  of  several  admirable  machines  of  this  kind. 

.•PLANING  MACHINES.  For  the  planing  of  wood  and  mctul  on  the  larn 
scale,  by  power,  extensive  and  varied  mechanism  has  been  employed ;  in  tho 
invention  and  fiirtheranec  of  which  llie  late  Mr.  Bramah  largely  conln'huted. 
Under  the  article  Floorino  we  have  described  Mr.  Muir'a  patent  planing 
machinc^ry. 

PLATINA.  One  of  the  metals,  and  the  heaviest  body  hitherto  discovered  in 
nature;  its  specific  gravi^  being  2I.S4  when  pure.  It  is  obtained  from  an  ore  or 
metallic  sand  brought  from  South  America,  which  contains^  besides  plnlinn.  four 
new  metals,  namely,  palladium,  iridium,  osmium,  and  rhodium  ;  also  imn  ami 
chrome.  Platina,  combined  with  palladium  and  rhodium,  is  as  hard  oa  iron. 
It  is  not  altered  by  exposure  to  the  air,  neither  is  it  acted  upon  by  the  must 
concentrated  simple  acids,  even  when  bailing  or  distilled  from  it.  It  is  very 
malleable,  though  conaiderahly  harder  than  gold  or  silver,  and  it  hardens  much 
under  the  hammer.  Its  colour  on  the  touch-stone  is  not  distinguishable  from 
that  of  silver.  Pure  platina  requires  a  very  strong  heat  to  melt  it ;  but  when 
urged  at  a  white  heat,  its  parts  will  adhere  together  by  hammering.  Thb  pro- 
perty, which  is  diitinguiahed  by  the  name  of  welding,  is  pecidiar  to  platinaand 
Iron,  which  resemble  each  other,  likewise,  in  their  infusibility.  Platina  is 
obtained  by  disBolving  the  crude  metallic  particles  in  nitro-muristie  acid,  preci- 
pitated hy  ammonia,  and  exposed  to  a  very  violent  heat,  by  which  the  acid  and 
alkali  are  expelled,  and  the  metal  is  reduced  in  an  agglutinated  stale,  when  it 
may  be  pressed  together  by  a  button-headed  iron,  be  taken  out  of  the  Aimaee, 
forged,  reheated,  and  forged  again  into  a  bar.  Willis  found  that  platina  might 
sometimes  be  melted  upon  a  bed  of  charcoal  in  a  crucible ;  and  M.  Boiuingault 
recently  found  that  it  might  always  he  melted  in  B  bhul  fUrnue,  if  the  nudbli 


PLATING.  313 

'te  luted  inuda  wiih  a  mixtare  or  clay  mui  i^harcoal )  the  tilicon,  in  hii  opinion, 
■xiiiltng  in  tfac  reduction.  Piiitina  niu;  It  melted  in  quanlides  not  eiceeding- 
(wo  ounces  al  a  lime,  by  the  oxy-hydrn^en  blow-pipe,  and  be  i.ty^  in  fiuion  for 
•ome  time.  Plalina  ii  much  used  for  riiiciblet,  eraporatine  duhei,  and  even 
alembics.  Though  it  resists  nioai  of  itie  acid*,  it  u  acted  upon  b;  cauitic 
potash,  and  BCveral  of  the  neutral  salts.  The  proper  lolder  for  it  ii  gold. 
The  concentration  of  sulphui  ic  ncid  is  now  uniall^  peiformed  by  platina  itilli, 
with  leaden  heads.  Mr.  Farkes  liai  one  of  thia  kind,  which  bojo*  only  thirtj- 
fiie  gallons,  yet  cost  300  guinea-i. 

PLATING,  or  Plated  Mamjfiictiibe  The  art  of  covering  other  metab 
vith  silver.  Tlie  method  knonn  fay  tlie  name  of  French  plating  was  usuallv 
uiplied  to  articles  made  of  brass,  after  tUey  were,  b  other  respecti,  finiibeo. 
After  the  goods  were  polished,  and  [H:r[e<i\\f  free  &om  grease,  &e.,  the  part  ta 
be  plated  was  heated  to  a  temperature  somewhat  short  of  changing  the  colour 
of  the  metal.  Leaf  silver  was  now  laid  upon  the  part,  and,  wbJe  hot,  was 
rabbed  on  with  a  hardened  ateel  Ijumiabcr,  perfectly  dry  and  clean.  By  this 
means  the  silver  adheied  firmly  to  (ho  hrasi,  which,  from  the  action  of  the  bur- 
tuther,  auumed  a  line  polish :  these  hud  ouch  the  appearaoce,  in  colour  and 
lustre,  of  those  of  the  present  day ;  but  ihey  poneised  Imt  little  permanence 
this  art  is,  tlierefure,  scarcely  now  practised,  ft«m  (he  introduetiDn  of  the  supe- 
rior plan  of  plating  upon  ingots  of  copper,  and  fitrming  the  utenaili  out  of  tbs 
sheets  and  the  wire  made  from  the  inguta. 

The  plated  manufacture  is  divided  into  ibree  department*,  to  eacb  of  which 
there  ii  a  distinct  set  of  workmen.  Those  employed  in  making  veisels  snch  aa 
are  reouired  to  he  raised  by  the  hammer,  are  called  braders.  The  lecond  eort 
are  cidled  candlestick-makers,  being  e\clu«ve1y  employed  in  making  all  the 
varieties  of  tlicse  Brtic1i?B.  The  tliird  are  called  pierce  Workers;  these  were 
di^inallf  employed  in  making  artides  with  ornamental  open  work,  such  aa 
bread-basket*  and  tray*  of  dioerent  kinds ;  but  ihis  species  of  work  ha*  now 
become  obecdete,  since  the  invention  of  plated  wire.  The  articles  in  which 
pierce  work  had  been  made,  are  now  fiuned  by  the  varied  interaectiona  of 
wire*,  which  give  great  lightnesi  and  elegance,  witb  less  waste,  and  more  expe- 

Previouily  to  describing  the  different  branches  of  this  art,  we  shall  give  [lie 
method  of  prepBting  the  plated  sheets  and  wire,  of  which  all  tlie  different 
articles  are  made.  The  ingots  on  which  the  silver  is  laid  are  not  pure  copper, 
but  an  alloy,  consisting  of  copper  and  brass ;  this  gives  it  a  degree  of  stiffness 
greater  than  that  of  copper,  which  renders  it  less  liable  to  be  deformed  when  in 
use-  The  metals  are  melted  to  a  proper  heat,  in  a  peculiar  furnace  appropriated 
to  that  purpose.  The  heat  of  the  metals,  and  the  temperature  of  the  mould 
when  the  metal  is  poured,  are  of  great  importance  as  far  a*  regards  the  sound- 
neu  of  the  iugut.  When  the  metal  is  too  cold,  and  its  liquidity  of  course 
imperfect,  the  impurities  cannot  freely  ucend,  which  causes  imperfection  in 
its  substance.  Tlie  same  effect  may  take  place  &om  the  moulds  being  cold ; 
this,  with  the  great  conducting  power  of  Uie  metal  mould,  rapidly  roba  the 
metal  of  its  caloric,  and  lessens  its  liquidity.  The  proper  heat  for  the  mould*  is 
somewhat  short  of  burning  the  fat  with  which  they  are  greased  on  the  interior 
surface.  For  the  ordiwuy  kind  of  work  these  ineots  are  generally  cut  in  two 
in  the  middle,  being  more  convenient  for  plating  than  longer  pieces.  The  next 
process  is  to  dress  the  face  of  the  ingot  for  the  purpose  of  receiving  the  silver  on 
one  or  both  sides,  aa  it  may  be  intended  to  be  single  or  double  plated.  This  is 
effected  by  filing,  which  is  continued  liU  the  surface  becomes  entirely  free  from 
the  least  blemish :  this  is  so  important  that  the  naked  eye  sboidd  not  be 
depended  upon ;  the  surface  of  the  copper  should,  therefore,  be  minutely 
examined  by  a  magnifier  before  the  silver  is  laid  nn.  The  thickness  of  the 
silver  to  l>e  laid  on  the  copper  will  be  best  known  when  it  is  understood  that 
the  silver,  in  single  plated  metal,  or  that  plated  on  one  side  only,  is  from  dght 
to  ten  pennvweights  to  the  pound  troy  of  copper ;  and,  of  coiuie,  double  quan- 
tity wbeo  plated  on  both  sides.  When  the  plate  of  silver  is  cut  to  a  little  less 
than  the  sixe  of  the  copper  surface,  made  flat  and  *craped  perfectly  clean,  the 
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GOp|i«r  tuiface  being  equally  clpon,  they  otc  laid  togetlier,  and  the  lilver  plate 
il  lied  dovTD  vilh  vire.  A  Uctle  of  h  eaturatni  solation  of  borax  is  now 
insinuated  under  the  edge  of  the  ailver  plate  on  each  aide  ;  thii  taiei  at  u  low 
red  heat,  and  preventi  the  oxygen  of  the  atmosphere  from  affeeting  the  surface 
of  lie  copper,  which  would  prevent  the  adherence  of  the  silver.  In  this  ilnle 
the  Ingot  il  brought  to  the  plating  furnace ;  thii  furnace  bai  a  grste  on  a  level 
with  the  bottom  of  the  door.  The  fuel  consials  of  cokes.  The  ingot  ii  laid 
upon  the  bare  cokea,  and  the  door  ahuc  When  it  baa  acquired  tieariy  a  proper 
degree  of  heat,  the  plater  applies  to  the  hole  in  the  door  tu  observe  the  proper 
point  when  tlie  process  is  finished.  When  the  «ilver  and  copper  are  uniting, 
the  surface  of  the  fiirmer  hegini  to  he  rivclted.  and  this  ia  the  sign  to  remove 
the  ingot  from  the  fire  as  quick  oa  possible.  The  ingot  being  now  plated,  is 
made  perfectly  clean,  and  Is  ready  to  be  rulled.  The  fit*I  roUere  emplovcd  for 
plated  metal  are  of  cast  iron,  similar  in  sire  and  construction  to  those  employed 
for  sheet  iron  and  sheet  copper.  The  metal  is  rolled  cold,  ond  annealed  from 
time  to  time.  When  it  liaB  gone  through  the  rollers  a  certain  number  of  times, 
it  acquires  «  certain  degree  of  hardness,  bo  that  the  rollers  have  not  much 
effect  upon  it;  and  if  the  rolling  were  continued,  the  metal  would  eraek.  To 
remedy  this  evil  the  metal  is  taken  to  B  revcrberatory  fUmace  ;  il  is  laid  upon 
a  hearth  of  brick  or  fire-stoue,  and  the  flame  of  coal  is  made  lo  pass  over  it ; 
the  heat,  however,  is  not  inlense,  since  the  metal  ia  required  lo  be  slonly  healed 
to  a  dull  red.  Il  may  now  be  cooled  in  the  quickest  way  possible,  to  save  Irmc, 
«s  quenching  in  water  does  not  harden  it,  as  is  the  case  with  ateet.  It  now 
paisei  through  the  tollers  at  before,  till  it  becomes  hard,  and  iben  anneaied  and 
rolled  again,  till  it  is  reduced  something  short  of  the  size  required.  This  being 
done,  il  is  again  annealed  and  passed  through  a  pair  of  rollers  faced  wilh  can 
steel,  and  linely  polished:  this  gives  the  surface  great  smoothness  and  truth. 
It  is  now  annealed  for  the  last  time  ;  after  this  the  slieeti  ore  immeracd  in  hot 
dilute  sulphuric  acid,  then  scoured  with  fine  Calais  sand,  which  fits  them  fur 
the  workmen  to  shape  into  diflerent  articlca. 

ffae  first  mode  we  shall  describe  ia  that  of  ihc  braziers,  or  those  who  work 
with  hammera.  The  nature  of  sheet  meial  is  ao  aimilar  lo  copper,  thai  the 
working  of  il  with  the  hammer,  into  various  forms,  will  be  very  similar  to  that 
uaeil  by  copperamiths,  with  the  difference  of  more  exact  and  coniplete  toola,  and 
greater  care  on  account  of  the  value  of  the  meiol.  Formerly  all  the  diff^nt 
shaped  vesaels  were  made  with  the  hammer,  which  made  the  price  of  labour 
very  great.  Now,  all  Tesacls  of  simple  form,  and  not  of  large  si»e,  are  formed 
in  dies  by  means  of  ihe  stamping  hammer.  This  operation  is  now  so  geuenil, 
that  some  manufiictnrcrs  employ  aa  many  as  six  or  eight  of  these  engines.  The 
diea  aie,  or  ought  to  be,  made  of  cast  (toel ;  but  it  should  be  as  hard  ai  to  wvid 
to  iron,  ao  that  the  iion  ahould  not  be  much  below  the  surface  of  the  die.  When 
the  die  is  placed  upon  the  anvil,  and  the  metal  cut  into  piecea  of  proper  sixe, 
the  nest  tking  ia  to  surround  Ibe  top  ft  the  die  with  a  paste  made  wiin  oil  and 
clay,  an  inch  or  two  above  the  auiface.  lliis  cavity  ia  now  tilled  with  melted 
lead.  The  tinder  aide  of  the  stamping  hammer  has  a  flat  face  of  iron  filled  into 
it,  shout  tlie  breadth  and  leng;th  of  the  die;  this  ia  called  ihe  licker-iip.  When 
ifae  lead  becomes  solid,  (he  hammer  is  raised  (o  a  certain  height  and  lei  fall 
upon  il.  The  under  aide  oC  the  licker-up,  from  being  cut  on  the  surface  into 
teeth  in  ahape  like  those  of  a  rasp,  finuly  adheres  to  the  lead,  which  afterwards 
rises  with  the  hammer  ;  the  metal  is  now  placed  over  the  die,  and  the  hammer, 
with  its  lead,  made  to  fall  upon  it  till  tlie  impression  on  Ibe  metal  ia  complete. 
If  the  vessel  to  be  stamped  be  of  any  considerable  depth,  two  or  three  dies  are 
>ften  used,  one  lar|;er  (ban  another,  ihe  last  being  of  the  proper  size  and  ahape. 
It  somebmea  happens  llinl  when  the  vessel  has  a  long  conicul  neck,  they  are 
obliged  to  have  recourse  lo  an  auxiliary  operation  called  drafting.  Cylindrical 
and  conical  venels  are  tnottly  formed  by  bending  and  soldering.  The  bending 
is  performed  on  hlockaof  wood  with  wooden  hammers,  to  avoid  injuring  the  pUtra 

Vessels  intended  to  have  other  forms  are  generally  soldered  up  in  a  conical 
at  cylindrical  form,  acconling  as  (he  width  at  the  lup  and  bottom  of  the  vessel 
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variei.  Tbe  meul  U  m  mBlleable,  even  in  the  loldered  part,  tbM  a  AURil 
wnrkman  can  give  almoal  any  form  to  a  vessel  with  tlie  liammer.  Mouldings 
tte  sometimes  formed  upon  tbo  edgea  of  vessels,  nhicli  scrrc  to  givL-  inuch 
■trength  and  itiiTueas,  as  veil  as  being  oraameutaL  In  forming  mbitancei 
wbien  fasve  a  massive  atipearnnce,  such  as  the  feel  of  tea-urns,  the  Imndlfs  nf 
vesseb,  and  plated  table-spoons,  no  other  metal  is  employed  but  the  sheet. 
The  mass  is  formed  of  two  shells,  wttich,  when  put  together,  form  aii 
•ppareiit  solid.  Eacb  of  the  concave  parts  is  first  tilled  nith  sol^  solder, 
they  ate  then  fitted  accurately  together,  and  heat  applied  liU  the  moss  fuses, 
*o  that  Ibe  appaientiy  massive  article  coDsists  of  B  shell  of  plated  metal 
filled  with  soFt  solder.  Buiiiy  ornaments  iu  tbe  fonn  of  shells  and  floirers  arc 
frequently  put  on  in  this  wayj  some  in  silvec:  these  have  a  similar  massive 
sppearance  to,  and  strongly  imitate,  rest  plate.  All  goods  formed  by  hand  villi 
the  hammer  require  great  labour  in  finUbing ;  for,  after  hammering  the  vessel 
fnto  the  proper  shape,  the  moilts  of  the  hammer  appear  like  so  many  flat  places, 
bnt  these  are  removed  from  the  oulaide  of  tlie  vessel  to  the  inside,  when  Ibe 
inside  is  concealed,  as  in  teo-ums :  this  is  effected  by  covering  cither  the  anvil 
or  the  hammer  with  a  piece  of  the  stuff  called  everiattiiie.  The  roughnen  U 
•— — '^— 4  to  that  surface  in  contact  with  the  everlastmg.  In  hammering 
'il  from  time  to  time,  il  requires  to  be  onaealed  by  heating  it  red-bot ; 

«■«'■'■'"  '  ''  ""  

dilute  iul^ur 

boiling,  the  a  

finished  in  every  respect  by  the  maker,  aad  the  lurface  free  from  oxide,  it  fre- 
quently happens  that  bits  of  rosin  used  Mith  mitt  solder  adhere  to  it;  this  i* 
MVioved  by  boiling  in  a  weak  solution  of  pearl  aihai :  tbe  tame  is  also  med 
fof  deaning  the  sinhee  of  tinned  cniper. 

The  second  mode  of  operation  we  shall  describe  is  the  caudlestick-4iiaking.  In 
this  branch  of  (he  business  there  is  great  variety.  In  the  eoramencemaiit  of 
this  trade,  the  object  was  chiefly  to  imitate  those  mad^  of  ulver,  and  it  bma 
with  the  prevailing  taste  of  imitating  the  different  orders  of  architecture.  The 
numerous  points  and  prominences  thus  introduced  were  ill  fitted  for  plated 
aetal,  as  in  a  veiy  little  time  their  silver  disappeared,  which  gave  them  die 
"■ I  the  manufacturers  to  make 


al,  as  in  a  veiy  utile  time  their  silver  disappeared, 
t  shabby  appearance  possible.  This  obliged  the  i 
n  more  plain  and  simple,  and  itwasnot  till  the  disci 


them  more  plain  and  simple,  and  it  wasnot  till  the  discovery  of  tbe  silver  edge* 
that  candlesticks  of  plated  metal  began  to  gain  respect  in  the  world  of  luzuir 
and  fashion.  The  stems  of  candlesticks  have  been  made  square ;  some  with 
sharp,  others  with  rounded  comers;  others  oval,  btit  the  greatest  number  wilh 
round  stems,  which  appear  to  be  the  most  consistent  and  the  most  permanent 
Of  these,  the  patent  telescope  candlestick  has  had  the  greatest  nm  :  ihii  con- 
sisti  in  the  cylindrical  part  lengthening  and  shortening  at  pleasure,  by  one  lube 
■Uding  into  the  other.  The  feet  of  candlesticks,  or  the  base,  are  generally  made 
in  a  die  by  the  stomp.  The  neck,  which  ii  sometfanes  small  in  one  part,  is  also 
•tamped.  The  dish  pott  of  the  noxzle  or  socket  is  made  in  a  die,  and  tbe  tubs 
part  m  the  same  way  as  the  cylindrical  pillar.  These,  for  the  sake  of  neatness 
■ud  expedition,  are  generally  drawn  1^  the  wire-drawing  machine,  whether  for 
sliding  or  not.  The  prominent  moulding  and  beads  are  generally  of  silver. 
The  £Serent  parts  are  soldered  together,  some  parts  with  hard,  and  others  with 
Bfrft  solder.  The  branches  of  candlettiek*  are  formed  in  two  halves,  like  the 
te»«m  feet,  &c. 

Lastly,  in  forming  such  articles  as  are  made  of  wire,  such  as  bread-baskets, 
toast-racks,  and  castors,  the  wire  is  bent  into  the  given  form  with  a  wooden 
block  and  a  mallet.  When  pieces  require  to  be  soldered  together,  the  juiulngt 
mast  be  accurately  fitted,  in  order  to  prevent  the  copper  from  appearing.  In 
these  case*  hard  solder  is  employed.  This  branch  of  plated  manufactiire 
admits  of  extensive  application,  wires  being  capable  of  a  great  variety  of 


When  the  dtfierent  plated  goods  come  out  of  the  hands  of  the  workmen,  tna 
tnel^  althai^fa  deu,  ii  of  a  duD  white  colour,  pocsetsing  no  polish  whaleTcr 
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Tliia  laiC  finish  is  called  hureiahing,  and  ii  generally  performed  by  females,  in  a 
distinct  ict  of  apnrtments.  'f  lie  burniahtng  lools  are  generally  made  of  blood- 
stone,  and  some  of  hardened  steel  finely  polished ;  the  latter  are  to  burnish  the 
minute  jparta  which  cannot  be  touched  by  the  blood-stone,  which  are  employed 
chiefly  for  the  greater  and  nnintemipted  parts.  The  bits  of  blood-stone  are  let 
into  litUo  cases,  mado  of  sheet  iron,  and  then  finely  polished.  The  bumishen, 
if  u»ed  dry,  wonid  adhere  to  the  silver  in  aome  places,  and  would  tcmlch  instead 
of  giving  the  fine  polish  :  thia  is  obviated  by  frequenJy  dipping  the  bianiiBh- 
ing  tool  into  a  solution  of  white  soap.  After  being  burnished  they  are  raised, 
and  lastly  w^ied  with  clean  sheep's  leather. 

PLOUGH^  An  inslnimcnt  employed  in  agriculture  for  breaking  and  turning 
up  the  soil  in  furrows  expeditiously,  llie  invention  is  of  very  remote  antiquity. 
The  moil  ancient  of  ploughs  on  record  are  still  used  in  their  limple  primiliTe 
form  in  many  paHa  of  the  East  Indies.  In  the  following  figures  are  exhibited 
8  correct  delineation  of  one  of  these  miserable  mochiucs,  of  which  many 


parts  being  bound  together  by  ropes ;  Fig.  Z  is  the  yoke,  deaigneil  for  a  pair  of 
bulTaloes.  The  biubandman  holds  the  plough  by  one  hand,  while,  in  the  other, 
he  holds  the  goad,  Fig.  I,  with  which,  and  his  voice,  he  directs  and  stimulates 
the  auimala.  The  British  manufacturer  who  may  attempt  to  supply  the  Asiatic 
husbandman  with  better  instruments,  should,  in  our  opinion,  to  a  ccrtoin  extent, 
copy  the  foim  represented,  however  he  may  improve  upon  it  in  the  stability  of 
his  metallic  substitute,  and  in  the  addition  of  convenient  appendages,  beorjne 
in  mind  tha  well-known  fact,  that  a  workman  who  is  used  to  a  vei;  inferior  tool 
will,  from  habit,  acquire  a  skill  in  using  it  which  he  could  not  exercise  very 
readily  with  an  iotrindCBlly  superior  tool,  differing  materially  Irom  bis  previous 

There  arc  no  instruments  in  which  there  are  a  greater  variety  of  forms  than 
ploughs.  Every  country  in  England,  and  almost  every  district,  have  their 
favourites,  which,  in  the  opinion  of  the  operators,  sutpais  all  others  in  utility. 
The  probability  is,  thnt  the  diflerence  is  not  very  great  in  the  quantity  or  the 
quality  of  the.  work  executed  by  them ;  and  that  such  difference  will,  in 
general,  be  in  proportion  to  the  proximity  or  remoteness  of  the  district,  town, 
or  city,  where  the  construction  of  ploughs  is  conducted  on  the  large  scale,  and 
upon  scientific  principles.  As  our  limits  will  not  permit  us  to  give  even  a  titlie 
of  the  varieties  that  ore  figured  ii  the  books,  we  shall  confine  the  subject  to  ihft 
description  of  two  modem  imprwed  ploughs  (manufactured  under  a  patent 
granted  to  George  Clymer,  of  Loi  don),  one  designed  for  light  and  the  other  for 
tii'Dvy  tiiud ;  referring  our  rcodira  who  dc^re  extended  information  on  this 
important  matter,  to  the  Ploiigha  iyhl't  .Imiilast,  by  Groy,  180S ;  to  ilic-  Br^Iiih 
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»  Guide,  by  Fiiitn}'iun,   1S39;  and  to  the  article  Astl- 
CDLTtiBE,  in  ihc  O^ord  Enct/clapmiia  and  SapjitemmL 

A  plough  far  light  land  is  repreienled  in  ihe  following  cut,  which  is  a  jwr- 
■peetiTe  view,  a  is  the  breast ;  b  ihi?  beam  ;  r  the  coulter  ;  d  the  coulter-point ; 
e  the  ahare ;  /  so  much  of  the  land  aide  of  the  ]]lough  ea  can  he  seen.  Tba 
beam  reaU  upon  crosi  pieces  at  the  licad  of  the  plough,  and  is  tliere  tecurcd 
looaelj  by  a  ttansvetse  Hcrew-bolt  g.  The  hind  part  of  the  beam  it  secured  bj 
a  movable  pin  paaaitig  through  it,  and  ihrough  one  of  the  cereral  holes  ill  tbe 
land  aide ;  this  pin  being  shilted  from  one  hola  to  the  other,  and  (li<-  beam  b 
larnini;  upon  the  bolt  ^  as  a  fulcrum,  it  is  raised  or  depretied,  so  as  to  adjust  ita 


■n^e  of  udination  with  the  horiion  at  pleanire,  cBnnnf  diereliy  the  plough  » 
cut  A  deeper  or  n  thaUower  furrow.  The  adjualment  in  a  lateral  directton  k 
effected  ^placing  leTeral  lingi  upon  the  bolt,  b;  the  shifting  of  which  the 
direction  ol  the  beam,  with  reipect  to  the  land  side,  ia  ^tered,  so  ai  to  make  a 
broader  or  nurower  fiirrow ;  and,  bf  the  ume  meani^  the  plough  ia  adapted  to 
a  ringla  or  double  team  of  hone*. 

Tbe  plough  for  beavy  land  ii  vri^  aimilar  in  ita  conitnicdon  to  Ihe  one  jut 
deicnb«d,  except  the  breait  a,  which  ii  materially  different,  at  shown  in  the 
following  cut.     b  u  the  beani ;  c  the  coulI«r,  wbicli  ii  of  Ihe  old  kind,  that 


betDgfbnnd  the  most  efficadoua  in  wetioili;  it  is  fixed  to  an  elongated  part  on 
Ihe  land  tide  ;  d  ia  tbe  share.  Theae  plought  ere  extremely  light,  and  are  put 
together,  or  taken  to  pieces,  in  a  few  mixiutea,  beine  fastened  logethw  by  a  few 
•cren-bolta ;  they  are,  therefore,  extremely  well  adapled  for  exportation,  and 
for  nte  in  hot  cUmatet.  We  have  been  informed  by  a  practical  agriculluriat, 
who  has  several  of  theae  ploueha  in  use,  that  they  turn  the  land  well,  and  leave 
a  particidarly  clean  and  even  Dottoin. 

PLUMB-LINEI.  An  instrument  used  by  builders,  consisting  of  a  leaden 
weight,  or  bob,  suspended  to  the  end  of  a  line,  used  lo  determine  the  perpendi- 
ndaril*  of  their  structures  to  the  horizon. 

PLDUB-RULE.  A  aimple  instrument,  for  the  same  purpose  a«  the  fore- 
jmng;  but  in  this  tbe  bob  is  mapended  to  llie  end  of  a  straight  board  with  a 
Sue  marked  down  the  centre;  ao  that  when  die  edge  of  the  hoard  ii  (ilaood 
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■gainat  Ae  wall  or  other  object,  tbe  plumb-line  sbould  exaoUy  coincide  inU 
the  line  msikn]  on  the  board,  lo  be  vertical ;  and  the  amount  of  deviation  frum 
tbe  vcrticul  line  is  precisely  ascertained  by  tbe  angle  of  dirergcnce  between 
the  two  line*. 

PLUMBAGO.  Graphite,  or  black  lead,  is  an  ore  obtainul  from  the  mine*  of 
Keswick  and  Borradaile,  in  Cumberland,  from  Ayr  in  Scotland  and  other  placei. 
It  occun  in  beds  of  various  tbickoeu,  and  constitutes  an  important  article  in 
eonimereo.  The  finer  kindi  are  boiled  in  oil,  and  afternaidi  uwn  into  the 
required  piecei  to  make  pencils.  A  coniiderable  qoantiiy  ii  lued  for  blocking 
■ndpolishingtheft-ontiof  (tovetandnumerousotber  [Htrpoies.  It  hoi  been  very 
common  to  apply  it,  in  its  Impure  stale,  lo  reduce  friction  in  machinery  and  ni1>- 
bing  suifocea ;  and,  very  recently,  Mr.  Lewis  Hebert,  of  Chelaeo,  has  applied  it, 
in  a  very  refined  state,  as  a  substitute  for  oil,  in  diminishing  the  friction  of  the 
tubbing  parts  of  clocks.  He  applied  it  to  a  sidereal  time-piece,  in  January, 
ISIO,  between  which  period  and  1827  the  time-piece  was  cleaned  three  times 
without  renovating  the  plumbagoi  tlie  friction  places  being  only  wiped  with  a  fine 
muslin  rag.  In  a  communicatioD  to  the  Socie^  of  Arti,  in  1827,  rierenyean 
after  the  plumbago  had  been  applied  only  once,  he  states,  that  tbe  time-piece  was 
going  as  well  as  ever.  He  found  a  great  difficulty  in  applying  it  to  the  jewelled 
palUts  of  the  escapement,  but  obviated  it  by  applying  it  to  the  friction  plane  of 
the  teeth  of  the  swing  wheel ;  and  he  adds,  "  to  ever  since  the  clock  bos  gone 
without  oil." 

The  process  of  applying  tbe  plumbago  is  thus ; — Take  about  a  quarter  of  a 
jKiund  of  the  purest  black  lead,  the  brighter  the  better ;  reduce  it  to  a  very  fine 
powder  in  a  metal  mortar,  and,  to  jud^e  if  it  is  fine  enough,  take  a  small  pinch 
of  it  between  your  fingersj  after  rubbmg  it  a  few  seconds,  if  it  does  not  fell 
lumpy  or  gritty,  but  smooth  and  oily,  it  u  good,  and  beaten  enough  [  have  a 
glossml  of  filtered  water,  take  some  of  the  powdered  plumbago  with  the  clean 
blade  of  a  knife,  spread  it  on  the  water,  and  stir  it  well ;  cover  the  glass,  and  k-t 
it  stand  for  two  or  three  hours ;  at  the  top  of  the  water  will  be  a  kind  of  cream, 
iktm  ii  ofi'with  a  card,  and  lay  it  upon  a  sheet  of  paper;  when  dry.  put  it  in  ii 
box,  to  exclude  the  dust  horn  it ;  put  the  sediment  aside,  repeal  ibe  proaesa  witli 
some  other  water  snd  plumbago,  until  you  have  acquired  a  sufficient  quantity 
of  fine  powder  for  your  purpose ;  when  the  whole  of^the  ponder  is  dry,  pound  it 
f^ain  in  the  raortsr,  or  bruise  it  with  the  bowl  of  a  silver  spoon,  upon  a  clean 
sheet  of  paper,  and  repeat  the  same  process  two  or  three  times  ;  if  the  lead  is 
pure,  no  more  aediment  will  go  down ;  if  tome  does,  wash  and  dry  it  once  or 
twice  more :  ss  soon  as  no  sediment  remains,  you  may  be  sure  that  the  plum- 
bagQ  dust  is  pure,  and  cannot  cause  any  miiclitef  to  the  niroti  and  holes ;  pour 
aume  alcohol  (the  strongest  spirits  of  wine,)  mto  n  small  dau;  having  wiped 
tbe  pivots  of  tbe  wheels  and  the  holes  of  tbe  plates  very  dean,  immerse  Ibcm 
into  the  spirits,  and  immcdiutely  into  the  plumbago  powder,  they  will  be  covered 
with  it ;  take  a  small  pencfl  brush,  nich  as  is  generally  used  by  miniature  pain- 
ters, dip  it  into  tbe  apiiils,  and  fill  tbe  pivot  holes  with  it ;  introduce  some 
powder  into  them  with  your  finger,  by  rubbing  the  plates  over  the  holes  till 
the  powder  is  even  with  their  surfaces  ;  put  tn  the  wheel  and  make  it  revolve 
in  Ine  frame  for  five  or  six  minutes ;  do  tbe  same  to  every  wheel,  and  also 
repeal  it  two  or  three  times;  then  the  holes  and  pivots  will  be  charged  with  ■ 
ihui  crust  of  plumbago,  smoother  than  any  polish  you  can  give  them;  the  piece 
will  go  twice  as  long  without  cleaning  as  with  oU,  and  truly ;  if  its  movement 
is  entirely  secluded  from  dust,  tliere  will  be  no  necessity  of  cleaning  it  for  twelve 
years,  which  will  be  about  the  time  for  renovating  the  plumbago. 

PLUMBERY.  The  art  of  casting  and  working  leal  See  the  article  Lka 
in  Ibis  work  ;  also  NtchoUrm'i  Praeticat  Builder. 

PLUNGER.  A  long  solid  cylinder,  sometimes  used  in  force  pumps  instek 
of  the  ordinary  pistons  or  buckets. 

PLUSH.  A  kind  of  slulT  having  a  sort  of  velvet  nap  or  shag  on  one  aide, 
composed  regularly  of  a  woof  of  a  ^ngle  woollen  thread  and  a  double  warp ; 
the  one  wool,  of  two  threads  Ivvisled,  (he  other  eoata'  or  camels'  hi^.  Suine 
plushei  iEiimitatiwi  of  the  foregoing  are  made  of  other  materials. 
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PLUVIOMETER.  An  inatrument  for  measuring  t!ie  quruitily  of  rain  that 
falUio  1  given  lime.     See  Hatn-oauoe. 

PNEUMATIC:j  cre«t  of  tlie  tnerlionical  properliea  of  air,  gases,  and  vapoun. 
All  air,  gases,  and  vapours  not  in  contact  with  the  liquids  from  vbich  lliey  tise, 
partake  of  the  same  general  properties;  that  is.  thej' all  possess  weight  andiocr- 
Ija,  im penetrability,  compressibility,  and  elastlcily.  The  impeneCrabilily  of  nir 
may  be  made  manifest  by  the  impossibility  of  bringing  together  llie  opnosite  sides 
of  B  blown  bladder.  It  may  be  also  shotm,  by  taking  a  cylinder  with  a  smooth 
bore,  and  fitting  a  piston  or  plug  into  il  so  closely  that  the  sir  may  not  pass  be- 
tween its  sides  and  the  tube ;  il  will  then  be  foimd  that  no  power  we  can  command 
■ill  force  the  plug  to  the  bottom  of  the  cylinder.  In  making  ihb  experimeni, 
bowe*er,  we  observe  two  of  ihe  moat  iniporlant  properties  of  air,  viz.  ita  coin- 
pnailHlity  and  elasticity ;  for  although  the  plug  cannot  be  farced  (o  the  bottom 
«f  die  cylinder,  yel  it  may  be  considerablj'  depressed,  so  that  the  air  is  reduced 
to  a  much  smalleT  volume,  and,  consequently,  is  compressible.  On  the  with- 
drawal of  the  pressure  snolher  remarkable  phsnomenon  presents  itself,  that  is, 
the  plug  ta  forced  upwards  to  its  original  position.     The  especial  properties  ol 

It  powesaes  weigbt  and  ioertia; 

It  eietti  an  equal  pretmn 

It  il  compmdUe  and  eta 
W«  ohall  ^>eak  of  each  of  tbeie  propertica  m  inceeMioD ;  but  flist  it  may  b« 
iiii  iiwiiji  to  deuribe  the  air  pump)  an  tnttnmient  which  i*  in  t&e  higheit 
dagRB  Dsgfiil  in  pntnmatk  to,' 
perimenti.  In  the  annexed 
lectifilial  i^resentatioo,  A  and 
B  M  the  faaireli  of  th«  pomp, 
whU  mnat  be  perfectly  cylin- 
drikl  and  smooth  within.  C  b 
a  0mm  recerrCT  placed  upon  the 
pwap  plate  E;  and  D  is  a  pipe 
communieatine  with  Ihe  receiver 
and  Ihe  two  bairela :  b  and  d 
are  valves  at  the  bottom  of  the 
barrels,  opening  upwardi  ;  a 
and  c  are  valves  in  the  pistons, 
which  most  6t  into  the  barrels 
with  the  greatest  accuracy  ;  t 
and/  ire  racks  attached  to  the 
palont,  and  which  are  moved 
upwards    and    downwards    by 

means  of  the  toothed  wheel  g,  which  is  tinned  by  a  winch  fixed  on  ibi  axis. 
By  comparing  Ibis  inatnlment  with  a  common  waler  pump,  its  principle  will  be 
found  identicat ;  but  as  air  ia  a  much  lighter  and  more  clastic  fluid,  it  will 
require  the  workmanship  in  the  air  T>ump  to  be  of  Ibc  most  accurate  descrip- 
tion. In  working  this  pump  it  will  be  seen  that  ei  the  piston  in  B  is  raised,  the 
air  which  previously  fiUed  only  the  receiver  and  the  pipe  D  will  be  expanded 
hy  it*  elasticity  so  as  to  fill  the  barrel  also ;  by  the  next  motion  of  the  handle 
the  piston  is  depressed,  and  the  air  within  the  battel  becoming  compressed  will 
chut  the  Talve  b,  and  open  that  at  a,  through  which  it  will  escape  into  the 
atmoaphere.  When  the  piston  it  again  rnised,  the  air  left  in  the  receiver  will 
be  again  expended  so  as  to  fill  the  turret,  and  on  bein^  depressed,  the  ait  will 
eicape  as  t>«are.  We  hare  only  in  this  process  noticed  one  tmirel,  but  tlw 
•cliwi  of  both  il  similar ;  wtiile  one  is  filling  hy  the  expansion  of  the  air  in  tha 
recaiver,  the  other  is  emptied  into  the  surrounding  atmosphere.  By  this  altar- 
nale  aetioii  of  the  pistons,  the  ur  witliin  becomes  considerably  rarefied,  but  u 
the  portkm  withdrawn  is  always  a  definite  part  of  what  was  previously  b  th« 
reoMm,  il  is  manUert  that  a  perfect  vacuum  cannot  be  obtaiued.  We  have 
■Ulad  tbu  air  haa  weight :  this  may  eaaity  he  shown  by  meaiu  of  the  air  piunp. 
If  we  take  a  gtsM  or  other  veiwl  holding  exactly  a  quart,  and  fiimished  with  a 
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itop-eoeic  tUst  will  fit  into  ihe  liole  in  the  middle  nf  tlie  pump  pbli?,  « 
oxhautt  ot  withdruw  nearly  the  whole  of  liie  air  from  tlic  veaael.  Now,  if  va 
wcigli  tlie  empty  veuel,  and  sftetwaidi,  by  turning  the  stop-cocic,  let  iu  ihc  air, 
tli«  dilTuTeoce  of  weight  in  the  battle  will  eliow  the  weight  of  the  quantity  of 
ftit  Bdmitled:  ihii  wilt  be  about  sei-euteen  gruna,  varying  at  different  tiiiim 
both  nn  account  of  change*  of  density  which  take  place  in  the  aimoaphere,  asd 
tho  varying  quantity  of  aqueoui  vapour  that  it  may  contain.  The  inertia  of 
air  may  ha  leen  in  the  reiistance  it  oflen  to  the  motions  of  bodies  immersed  in 
it.  Two  sets  of  small  brass  vanes  are  sumetinics  put  into  motion  fay  the  same 
fiirce  under  the  receiver  of  an  air  pump.  While  the  vanei  iu  both  arc  turned 
one  way,  ihoy  revolve  for  the  aami;  length  of  time  whether  in  the  air  ur  in  a 
vncimin ;  hut  if  in  one  of  them  (he  broad  surfaces  of  the  vanes  nre  turned  in 
the  direction  of  the  motion,  and  in  the  other  llie  narrow  edges,  a  marled 
dilfvrvnco  is  observed.  In  an  exhausted  receiver  they  continue  in  motiuu 
during  equal  times,  but  in  the  air,  that  which  cuts  the  atmosphere  willi  iu 
edges  continues  moving  fur  some  time  afler  the  other  ii  at  resL 

AnuthiT  experiment  illustrative  of  the  «ame  fact  ii  termed  the  ^inea  and 
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liey  may  be  diiengagcd  at  the  ii 


feather      ,  „  ..... 

little  piece  of  apparatus  bv  wt 
\\aaX.     While  the  receiver  is  full  of 
the  g^utu'ea  reaches  tCe  pump  plate  before  the  feather,  hut  when  the  air  is  takeu 
fivm  the  receiver,  the  guinea  and  feather  fall  with  exactly  the  same  velocity. 

Since  air  is  fluid,  it  will  manifeit  the  common  properties  of  fluids;  as,  for 
oxample,  pressure.  If  a  small  vessel,  umilar  to  the  one  here 
represented,  be  placed  over  the  hole  in  Ihe  pump  plai 
the  hand  plncea  closely  over  the  top,  when  the 
worked,  the  hand  will  be  held  flrmly  on  the  gloas  uy  means 
of  the  downward  prensure.  In  the  same  way,  the  glass 
reeoiven  ore  held  firmly  on  the  uump  plate.  If  a  bladder  be 
made  «ul,  and  tightly  stretched  over  the  top  of  the  glass, 
then  dried  and  placed  over  the  bole  of  ihe  air  pump,  as  soon 
OS  the  pump  is  worked,  the  bladder  will  appear  concave  at 
tbe  top,  and  will  eventually  be  buret  by  the  great  preasute  of 
the  superincumbent  ur.  Another  apparatus,  admirably 
adapted  to  evince  the  great  pressure  of  the  air  in  all  direc- 
tions, ii  what  are  termed  Ihe  Magdebui^  hemispheres.  It 
consists  of  two  hemispheres  of  brass,  having  their  edges 
accurately  ground,  so  that  they  may  lit  together,  as  in  the 
annexed  representation.  Tlie  part  a  of  the  lower  hemisphere 
is  icrened  into  the  hale  of  the  pump  plate,  and  the  air  may 
then  be  exhausted.  If  then  the  handle  h  be  screwed  on,  two 
]iersoiis  may  endeavour  to  separate  them  by  pulling  in  oppo- 
site directions,  or  they  may  be  suspended,  and  a  weight 
attached  to  the  lower  one.  It  ha*  been  ascertained  that  the 
actual  amount  of  the  air's  pressure  is  about  16  pounds  un 
every  square  inch  of  surface ;  hence  may  be  calculated  the 
force  with  which  the  hemispheres  are  held  together,  or  the 
absolute  pressure  upon  any  surface  whatever.  Let  us  suppose 
that  the  diameter  of  tho  herolspheres  is  4  inches,  tlien  tlie 
area  of  each  of  the  circles  in  contact  with  each  other  will  be  13)  inches,  a 
multiplving  this  by  15  lbs.  we  obtain  187)  lbs.  as  the  pressure  by  which  tho 
hcmispbercs  are  held  together.  In  the  same  way  we  may  ascertain  tbe  amoimt 
of  pressure  upon  the  human  body.  Suppose  Ihe  outer  surface  of  a  middle-sixed 
■nan  to  be  about  M  square  feet,  then  multiplying  this  by  21IJ0lbs.  the  pres- 
Bure  on  a  square  foot,  wc  obtain  30,240  lbs.  as  the  pressure  upon  tbe  tM>dy 
of  an  individual  of  moderate  %\ze.  If  tbe  barometer  should  fall  an  inch,  whicu 
It  frequently  does  before  rain,  wc  are  released  from  a  pressure  of  upwards  of 
1000  Ibi.:  this,  by  diminishing  the  tension  of  the  different  parts  of  the  body,  i* 
sufficient  to  account  for  that  languor  which  is  commonly  complained  of  in  bi  ' 
weather,    lliis  apparatus  was  ongically  designed  by  Ullo  Cuecickei  of  Mu ' 
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hang,  and  vbb  rotisbuctcd  on  so  large  b  icole  that  several  horses  were  required 

lo  icparale  the  liemUplieres. 

The  ordinaty  or  nuturul  ata(e  of  the  nit  (as  we  are  in  the  habit  of  calling  it,} 
is  a  compreswd  state;  if  we  attempt  to  slier  it  cither  hy  further  compiesainn,  ot 
by  taking  off  the  pressure,  the  elatticity  or  repulsiou  of  the  parts  is  imme^ 
dialely  mBtiifest.  The  law  of  coinpression  within  certoia  limits  is  exceed- 
ingly tiTnyle.  and  may  bo  easily  verified.  Let  a  laog  glass  _ 
tube  he  closed  at  one  end,  as  in  the  sccotnpanying  rcpreien- 
lation.  The  longer  leg  may  be  30  or  40  inches  in  len^ith, 
tbc  shorter  4.  Suppose  the  tube  placed  in  an  upright  position, 
and  a  lilllc  mercury  poured  into  it  up  to  the  leveTo  b,  then  a 
csTiiideTof  air  ii  will  be  enclosed  sncl  prevented  froni  escaping. 
If  DOW  more  mercury  be  poured  into  the  longer  leg  till  it 
rise  to  fl  in  the  shorter,  the  height  of  mercury  in  the  longer 
leg  above  the  level  eiJniU  ha  found  to  be  about  10  inches, 
vhich  is  )  of  the  usual  atmospheric  pressure.  The  whole 
pressure  upon  the  column  d  i  being  made  up  of  the  pressure 
of  the  external  air.  together  vilh  (hat  of  (he  10  inches  of 
mercnr;,  will  be  j  of  the  ainiospheTic  presfure,  ond  the  space 
now  occupied  by  the  air  is  )  of  the  original  space.  If  more 
mercury  be  added,  so  that  tlie  coliimn  may  be  30  inches 
high,  the  whole  pressure  will  be  double  the  atmospheric  pres- 
sure, end  the  space  into  which  the  air  will  be  compressed  is 
one-half.  If  we  examine  (be  result  of  a  number  of  trials  ~  \N— .^  ~ 
made  io  this  way,  we  shall  find  them  as  follows : — 

Compressing  force ^■'■i'S-l 

Spaces  occupied.     .  ■■l-i'i'!-> 

If  we  examine  these  two  rows  of  fractions,  we  shall  find  that  the  lower  on 
the  reciprocals  of  the  upper;  whence  we  see  thai  the  spaces  occupied  by  tb« 
compressed  air  are  inversely  as  the  compressing  forces.  But  ns  the  density  (a 
inversely  as  tbc  spaces  occupied,  it  is  evident  (hat  (he  compressing  force  is  pro- 
portiaoal  to  tbe  density ;  and  further,  since  the  elasticity  of  tbo  included  air  n 
prnpoTtianal  to  the  compressing  force,  il  is  also  manifest  that  the  elasticity  is  as 
tbe  density,  that  is.  if  the  density  be  doubled  or  tripled,  the  elasticity  will  be 
doubled  or  tripled,  S:c. 

The  elasliclly  of  air  by  the  rcmovsl  of  the  pressure  gives 
rise  to  a  variety  of  eiilertaiuing  experiments.  If  a  bladder 
containing  a  small  portion  of  air  be  placed  under  the  receiver 
of  an  air  pnmp,  while  the  air  is  exhausting  tlie  bladder  will 
lie  observed  to  expand  till  it  appears  fully  blown  ;  on  the  re- 
entry of  the  air  the  pressure  will  immediately  reduce  the 
included  air  to  its  primitive  dimensions,  and  the  sides  of  the 
bladder  will  collapse.  At  (be  larger  end  of  an  egg  there  is 
a  bubble  of  air  between  the  shell  and  (he  inner  >kin  :  if  a 
hole  be  made  at  tbe  smaller  end,  and  the  egg  be  placed  willi 
th^  hole  downwards  in  a  wine-glass,  under  the  receiver  of 
en  air  pump,  as  soon  as  the  air  is  begun  to  be  withdrawn, 
the  air  within  the  eeg  will  expand  and  force  out  the  contents 
into  the  glass.  When  the  air  re-enters,  by  careful  mana^ 
nent,  the  whole  may  be  forced  into  the  ibell,  so  an  Io  have  iia 
original  appearance.     Upon  this  principle  fountains  may  be 


>l  similar  ti 


■ivcd.     If  a  glas: 


air  in  the  part  a  not  being  able  to  escape,  expands  ilseif  aa 
the  eitemal  pressure  Is  removed,  and  forces  the  water  before 
it  up  the  pipe,  so  as  to  form  a  continuous  stream  (ill  the  level 


CC3 


Sn  rORCELAIN. 

of  (lis  water  rucliei  tlie  lower  end  of  ibc  lube,  tf  the  sir 
in  tbe  part  a  could  be  compreised  so  that  iU  elasticity  might 
exceed  that  or  ordinary  atmospheric  an,  the  fountain  would 
act  without  being  placed  under  a  receiver.  For  this  purpoM 
a  condeOBiug  or  compreuing  syringe  would  be  Dece>siU7  to 
force  air  Into  the  upper  part  of  the  venet.  The  eomprcjsing 
ayringediSera  but  little  from  one  of  the  borreli  of  ihe  air  pump. 
U  has,  however,  no  valre  in  the  piitoti,  but  one  at  the  end  6, 
opening  outnardj,  and  which  may  be  eaiily  fanned  by  tying 
o*er  the  hole  a  amall  piece  of  oiled  lilk.  When  this  appa- 
ntua  it  to  be  luwd,  we  end  b  i>  acreved  into  the  diduiIi  of 
the  TBitel  into  wblcb  air  is  to  be  forced  ;  and  the  piiton 
being  then  raited  above  the  bole  a  in  the  side,  the  tyrin^e 
become*  filled  with  air :  the  piston  ii  then  depressed,  and  the 
air  ia,  by  ill  descent,  forced  into  the  vessel,  and  from  which 
it  cannot  return  on  account  of  the  valve  at  b  opening  only 


This  procen  may  be  conlinued  till  the  oil  li  considered  of 
ntffident  density,  which  may  be  eaiily  ascertained  by  knowing  the  proportionata 
capacity  of  the  syringe  and  the  receiver.  If  the  receiver  conlain  twelve  timea 
ai  much  as  the  syiinge,  twelve  chanees  of  the  syringe  will  be  necessary  to  double 
the  density  of  the  air.  It  is,  perhaps,  scarcely  necessary  to  remark  that  the 
receiver  must  be  strong  and  furnished  with  a  stop-cock  or  valve,  so  that  when 
the  syringe  is  separated  from  it  the  air  may  not  escape.  For  Authei  infbnna- 
tiun  on  this  science,  see  ATHOsenaaE,  Air,  Baioheter,  &c. 

PONDERABILITY  is  a  quality  of  bodies  that  relates  to  sensible  weight.  A 
ponderable  body  is  one  that  possesses  sensible  weight.  A  great  dideience  exisla 
in  the  relative  weighu  of  didercnt  substances.  Thus  platinum  ii  23  times  heavier 
than  water  ;  waler  S40  timei  heavier  than  air ;  and  air  14  times  heavier  than 
hydrogen  gas.  Platinum  is,  therefore,  1'0,4S0  times  heavier  than  hydrogen  gas. 
It  will  readily  be  understood  that  if  any  substance  exists  that  is  as  much  lighter 
than  hydrogen  as  hydrogen  ia  lighler  than  platinum,  Ihe  weight  of  auch  a  body 
would  he  absolutely  inappreciable  by  any  of  our  present  instruments;  such 
bodies  would,  therefore,  be  called  iiu ponderable.  lu  Ihe  ordinaiy  division  of 
simple  substances  at  preseni  in  use  by  chemists,  the  wbole  are  classed  inio  pon- 
derables and  imponderables  :  the  imponderable  substances  are,  heat,  light,  and 
electricity.  Some  penoni  have  luppoved  that  the  idea  of  imponderable  mnlter 
is  absurd  and  that  gravity  is  a  univenal  property  of  bodies.  However  this  may 
be,  if  we  consider  ponderability  as  indicating  our  ability  to  weigh  the  body.  It 
will  he  manifest  that  heat,  light,  and  declriciiy  may,  with  considerable  juitneia, 
be  termed  imponderable. 

PORCELAIN.  A  fine  kmd  of  semi- transparent  earthenware,  in  imitation 
of  that  made  in  China,  and  hence  called  China-ware.  The  combination  of 
silex  and  argil  is  the  basis  of  porcelain;  and,  with  the  addition  of  various  pro- 
portion* of  other  earths,  and  even  of  some  metallic  oxides,  forms  tlie  different 
Tarieties  of  pottery,  from  the  finest  porcelain  to  the  coarsest  earthenware, 
lliaiigh  (flicloui  earth  is  the  ingredient  which  is  present  in  largest  proportion 
in  these  compounds,  yet  it  is  the  argillaceous  which  more  particularly  give* 
them  their  cnaracter,  as  it  communicates  ductility  to  the  mixture  when  soft, 
and  renders  it  capable  of  being  turned  into  any  shape  on  the  lathe,  and  of 
being  baked.  The  clays  are  native  mixtures  of  these  eulhs;  but  (hey  are  often 
rendered  unfit  for  the  manufacture  of  at  least  the  finer  kinds  of  porcelain,  from 
other  ingredients  which  they  alio  contain.  The  perfection  of^  porcelain  will 
depend  greatly  on  the  purity  of  the  earths  of  which  it  is  composed ;  and 
benee  the  purest  natural  clays,  or  those  consisting  of  silex  and  argil,  alone 
are  selected.  Two  substances  have  been  transmitted  to  Europe  as  the 
materials  from  which  the  Chinese  porcelain  is  formed,  which  have  been 
named  Kaolin  and  Fthaai.  It  was  found  difficult  to  procure  in  Europe 
Daltiral  clays  equally  pure,  and  hence,   in  part,  the  difficulty  of  imitating 
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ttw  ponduB  of  the  Eait  Sucb  days,  however,  Iwre  * 
different  couutricB;  and  hence  the  superiorii;^  lo  irliich  tba  E  _ 
ht3  atluned.  The  fine  Dresden  porceluin,  that  of  fieriin,  the  FimA  fondHm, 
•ud  the  finer  kinds  which  are  fomicd  in  thii  countiy,  anmuHiEMtaiiedttf  nA 
day,  which,  tram  the  uie  to  which  it  a  applied,  hai  medTtd  the  nam*  of  poMt- 
lain  eartli,  and  which  sppean  in  general  lo  be  deri»«d  fr       '"      *  ''* 

of  l^lspar  dT  graaile.  It  appears,  also,  that  natural  Mitli 
•re  used  with  advantage  in  the  manufacture.  The  propOftioil  d 
each  other  muit,  likewise,  be  of  importance ;  and  mna  difie) 
Tespect,  arise,  in  part,  the  dtfierencei  in  the  porcelain  of  diOereot  coonbrie^  u 
neD  at  the  neceui^  trequently  of  employing  mixbm*  of  lutiml  dan.  Hw 
at^l  communicates  tenacity  and  ductility  to  ihe  pute,  w>  that  it  majM  eaiOy 
wrought ;  Ihe  lilex  givei  hordnesB  and  infusibilily  ;  and  on  tha  proper  propor- 
tion of  these  depends,  in  a  great  measure,  the  pofectioo  of  the  compound. 
The  proportion  of  ailex  in  porcelain,  of  a  good  quality,  ii  at  leut  two-tbtrd*  of 
the  composition  ;  and  of  ergil,  froni  a  fiftli  lo  e  third.  Magnesia  i*  of  tus  bj 
'  lessening  the  tendency  whidi  the  coDiposition  of  ailei  and  argil  alone  hai  to 
contract  in  baking,  «liicii  ii  iiivnim-iii'  lit  in  ihc  ji^MtnflMtiire.     See  Pomftr. 

POROSITY  is  a  term  in  physic^  tnipowd  to  densitf,  and  ngniSei  the  rd^ 
tire  proportion  of  matter  and  space  included  vitbio  the  ExteriM  superfidea  of  a 
body.  Tht  Tohuns  of  a  body  is  the  quanti^  of  space  indnded  withiD  ita  ■xtemal 
aorneei.  Hie  nuMofa  body  i*  the  coIlectianafatomioTmateridnartidesofwhi^ 
it  wmiidai  Two  atom*  or  paiticle*  are  Mid  lo  be  in  contact  wh«n  their  nearer 
h  it  reaiated  by  their  mutual  impenetrability.  If  the  component  paitidaa 
1  CMltac^  Ihe  rdume  and  maM  would  be  idenlicd ;  but  there  is  good 
•vidence  to  prere  that  tha  portidet  oC  no  known  anbitanee  ara  in  contact. 
Bene*  h  fdwwa  that  the  volume  of  a  body  connals  partly  rf  materid  partides, 
lad  paid*  tf  intantitid  space*,  which  are  dther  emp^  w  filled  with  soma 
elbai  difireut  snbatance :  these  interstidd  spacea  are  called  pores.  In  bodies 
vufamlf  ceoMitutad,  the  component  particlei  aod  pores  an  unifiinnly  disUi- 
tatad  dirongh  the  vdume ;  that  is,  a  given  space  in  one  part  of  the  volume 
win  contain  the  aame  quantity  of  matter,  and  the  same  quantity  of  pores  aa  an 
eqnd  space  in  another  part  The  proportJoit  of  the  quantity  of  matter  to  the 
magititnde  of  a  body  is  called  its  density ;  if,  of  two  substances,  one  contains 
in  a  given  space  twice  as  much  matter  as  the  other,  it  is  said  to  he  "  twice  as 
dense."  The  density  of  bodies  is,  therefore,  proportionate  to  the  doseness  or 
preiimity  of  their  partidei ;  and,  conwquenlly,  the  greater  the  denntv  tlie  less 
will  be  Uieir  porosity.  The  pores  of  a  body  are  frequently  filled  with  another 
body  of  a  more  snbtile  nature.  If  the  pores  of  a  body  on  the  surbce  of  tha 
eardi,  and  exposed  lo  the  atmosphere,  be  greater  than  the  atoms  of  air,  then  the 
•ir  wiU  pervwle  the  pores ;  this  is  found  to  be  the  case  in  many  sorts  of  wood 
whidi  have  open  grain.  If  a  piece  of  such  wood,  or  of  chalk,  or  sugar,  be 
[■lasi  il  to  the  bottom  of  a  vessel  of  water,  the  air  which  fills  the  pores  will  be 
obeerred  to  escape  in  bubbles,  and  to  rise  to  the  surface.  If  a  tall  vessel  or 
tube,  having  a  wooden  bottom,  be  filled  with  quicksilver,  the  liquid  meld  will 
be  forced  by  its  own  weight  through  the  pores  of  the  wood,  and  will  be  seen 


•a^uag  b  a  silver  shower  from  the  bottom. 
Tbepp  '  -'■  ■'         ■     ' 


a  the  arts,  depends  on  the  presence  of  pores  of 
^nitude  as  to  dlow  a  passage  to  the  liquid,  but  to  refiiae  it  to  thflse 

.  _, s  from  which  it  is  to  be  disengaged.     Various  substances  are  used  aa 

filters ;  but  wbaterer  be  used,  this  circumstance  should  dways  be  remembered, 
that  no  substance  can  be  separated  from  a  liquid  by  filtration,  except  that  whose 
particles  are  larger  than  the  pores  of  ibe  filtering  substance.  In  general,  filters 
are  used  to  separate  solid  impurities  from  a  liquid.  The  moat  ordinary  filter* 
an  s<rft  stone,  paper,  and  charcoaL  When  the  liquid  is  of  a  corrosive  natur^ 
aa  Boma  of  the  stronger  adds,  pounded  glass  ii  frequently  employed. 

All  organiied  ni^tances  in  the  onimd  and  v^etable  kingdoms  an,  &om 
Ibair  very  nature,  porous  in  a  high  degree.  Minerals  have  various  d^rees  d 
paruaity.  Among  the  silidotu  sttmes  is  one  ceiled  hydrophane,  which  manifest* 
Ita  pamt^  in  a  rery  remarkable  manner.    The  stone  m  id  ordinary  state  ii 
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(emitmiipannt ;  if,  hnwerer,  it  be  plouged  iuta  WBler,  ^hen  il  ii  withdraws  it 

is  traiuparcnt  u  glass ;  the  porei,  in  tbia  caie,  pcevioualy  filled  with  air,  u* 
pervaded  by  the  water,  between  which  and  the  ilone  tliere  lubaisti  a  phyalcol 
relation,  by  which  the  one  renden  the  other  transparent.  Oil  or  water  placed 
on  paper  haa  a  somewliat  aimilar  effecL  A  good  method  of  obaerving  the 
extreme  porosity  of  noods,  il  to  place  a  piece  at  the  hottoin  of  a  Teucl  ol 
water  placed  under  the  receiver  of  an  air  puiup  ;  during  the  exhausting  of  the 
receiver  the  ait  will  be  teen  to  isiue  irom  a  thou^nd  pores  on  the  lurfucc  of 
Ibe  wood,  and  this  emission  will  continue  for  lioura.  A>  the  waccr  enters  tlie 
■puces  previoiuly  occupied  by  the  air,  the  body  liecomes  heaviccj  an  J  even 
cbarcoui  treated  in  this  way  becomes  heavier  than  water.  Large  masses  of 
minerals,  by  ilicir  porosity,  produce  most  imporlant  results :  thus  the  tsiua  which 
fall,  and  the  snows  that  melt  on  the  mountama,  pais  through  the  pores  of  Iha 
various  aubstances  they  meet  with,  and  imue  forth  to  refresh  the  ptams  in  spring 
which  are  the  origin  of  the  vetrious  magnilicent  rivets  tliat  at  once  fertilize  and 
adorn  our  globe. 

POTASH,  or  Potabia,  is  the  protoxide  of  potassium.  It  is  called  the  vegetablo 
alkali,  because  it  is  obtained  in  an  impure  state  by  the  incineration  of  vegetables. 
Potash  is  always  formed  when  potassium  is  put  into  water,  or  when  it  li  exposed 
at  common  temperatures  to  dry  air  or  oxygen  gas.  By  the  former  method  th» 
protoxide  is  obliuned  in  coinbination  with  watvr ;  and  in  the  latter  it  U  anh)'- 
droua.  It  consists  of  39.15  parts,  or  1  equivalent  of  potassium,  and  8  parts,  oi 
I  equivalent  of  oxygen-  Hydrate  of  potash  is  solid  at  common  leniperaiiuYs ; 
it  fusea  at  a  beat  rather  below  redness,  and  assumes  a  somewhat  cryslalliue  tex- 
tiure  in  couUng.  It  is  highly  deliquescent,  and  requires  about  half  its  weight  of 
water  for  solution.  It  i>  also  soluble  in  alcohol.  It  destroys  all  animal  texture*, 
and,  on  this  account,  is  employed  in  surgery  as  a  caustic.  It  changes  the  bine 
colour  of  violets  and  cabbage  to  green;  reddened  litmus  to  purple ;  and  yellow 
turmeric  to  a  reddish  brown.  It  hat  been  called  tapit  cuuificu,  but  is  now 
termed  potatsa  and  fined  potassa.  It  is  prepared  by  evaporating  the  aqueoua 
solution  of  potash,  in  a  silver  or  clean  iron  capsule,  to  the  consistence  of  oil,  and 
then  pouring  it  into  moulds.  It  may  he  purified  by  solution  in  alcohol  and 
evaporation  to  the  same  extent  as  before,  in  a  silver  vesseL  The  operation 
should  be  performed  as  expeditiously  as  possible,  to  prevent  the  absorpdou  of 
carbonic  acid.  A  perfectly  pure  sotution  of  potash  will  remain  transparent  on 
the  addition  of  lime  water ;  trUl  not  cflervesce  with  dilute  sulphuric  add,  not 
give  any  precipitate  on  blowing  air  from  the  lungs  through  it  by  means  of  a  tube. 

Pure  potash,  for  experimetital  purposes,  may  most  easily  be  obtained  by 
igniting  cream  of  tartar  in  a  crucible,  dissolving  the  residue  in  water,  filtering, 
boiling  with  a  quantily  of  quicklime,  and,  after  subsidence,  decanting  the  clear 
liquid  and  evaporating  in  a  loosely  covered  silver  capsule  tilt  it  flows  hkc  oil, 
aud  then  pourmg  it  out  on  a  clean  iron  plate.  A  solid  white  cake  of  pure 
hydrate  of  potash  is  thus  obtained  without  the  agency  of  alcohol ;  it  must  be 
immediately  broken  into  fragments  aud  kept  in  a  well-stoppered  phial.  Potaab 
is  employed  as  a  reagent  in  detecting  the  presence  of  bodiBB,  and  in  separatilig 
Ibem  from  each  other.  The  solid  hydrate,  owing  to  its  strong  affinity  for 
water,  Is  used  for  depriving  gases  of  hygrometric  moisture,  and  is  admirably 
filled  for  forming  frigorific  mixtures.     Potash  may  be  disliuguished  from  soda 


w-pipe  Same  with  borax,  gives  a  blown  glass;  and  this  glass,  if  melted  witi) 
a  mineral  containing  potash,  becomes  blue, — on  eSect  which  is  not  produced  by 
the  presence  of  soda. 

POTASSIUM.  A  metallic  substance,  the  base  of  potash ;  it  was  discovered 
by  Sir  H.  Duvy,  tu  1807.  It  was  prepared  by  cau^ng  hydrate  of  potash, 
tUghtly  moistened  for  tlie  purpose  of  increasing  its  conducting  power,  to  coni- 
muuicate  with  the  opposite  poles  of  a  galvanic  battery  of  200  double 
platei ;  when  the  oxygen,  both  of  the  water  and  the  potash,  passed  over  to  tlio 

'  '  'e  pole,  while  the  bydtc^en  and  the  poCassium  appeared  at  the  nentive. 
a  way  only  imull  quantities  can  be  procured  ;  but  it  may  be  formed  more 
abundantly  by  the  method  of  Ouy  Liuiac  cuid  Thenard-     This  c 
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Wnging  fnaed  liyintte  of  potaab  in  contact  with  tnnring*  of  inm  healed  to 

wbileneu  in  a  gun-barrel.  The  iron  deprive!  Ihe  water  und  potash  of  oxygen; 
hTdrogen  gas,  combined  with  a  litlle  pota^iuD).  in  evolvcil,  and  pure  poUusium 
•ublimes,  and  ma;  be  coilected  in  a  coo!  part  of  the  npparalus.  Potanium  may 
abo  be  prepared  hj  mixing  dry  rarbonale  of  potasli  with  half  its  weight  of 
powdered  charcoal,  and  eipoiing  the  mixture  in  an  iron  bottle  toaatrong  heat: 
theie  mcthadi  have  been  impcovyd  by  M.  Bnmner,  who  decompoaes  potasii  by 
mean*  of  irou  and  cbarcosl.  From  eight  ounces  of  Aised  carbonate  of  putaib, 
aix  olmcea  of  iron  filings,  and  two  ouncei  of  cliarcoal,  mixed  intimaleiy,  and 
bealed  in  an  iron  bottle,  ha  obtained  lU)  grains  of  potxwium.  If  required  lo 
be  quite  pme.  it  muit  be  re-dfaliUed  in  a  green  giass  retort.  Polaitium  ii  solid 
B(  the  ordinary  temperature  of  the  atmosphere;  at  70°  it  ia  somewhat  fluid, 
though  ila  fluidity  is  imperfect  till  healed  to  150<>;  at  50°  ii  ii  lull  and 
maUeable,  and  yields  like  wax  to  the  ptessnre  of  the  fingers,  but  it  becomes 
brittle  when  cooled  to  32°  ;  it  niblimes  at  a  low  red  beat,  without  undergoing 
any  change,  provided  atmospheric  air  be  coinpletely  excluded.  Its  texture  is 
cryttalline,  as  may  be  seen  by  breaking  it  when  cold.  In  colour  and  lustre  it 
is  precisely  similar  lo  mercury.  At  <iO°  its  apecilic  gravity  is  0.865,  to  that 
it  la  considerably  lighter  than  water.  It  is  completely  opaque,  and  is  a  good 
conductiir  of  heat  and  electrieily.     As  ihis  metal  oxidizes  rapidly  in  the  air,  or 

^  u_:j '"^"""ig  oxygen,  it  must  be  preserred  either  in  ^(«s   tnbei    ""  - 

•r  nnaer  tlw  lurfaoa  of  Uqoidi,  Uke  nnhtM,  wfakh  » 
ttttti  ID  Ihe  open  air  it  ttkt*  lira,  and  bomi  with  •  ] 


iwtwinn  <f  U^^  snd  pun  hjdraMa 
tmon  In  Wnw  *  link  hde,  wfaMh 
mim  mUiaf  mb  «tjma,  to  ftm 


Jiavalnd;  ittaabo  inSuiiedwhen 

InvanfiDMlirithMiDiioiiaf . 

4ft»  fntnide  and  poadde  «f  poUMini 

tyfcijjMi,  fBlphur,  and  pbiw{d)onii.    When  potawhim  m  ptaoed  in  an  atmo- 

lyhere  of  dtlorine,  it  tptmiaueously  takei  lire,  and  bnni*  with  gieatar  briUianej' 

nan  in  oxygen ;  the  Tcmlt  is  Uie  ditoride  of  potaarium,  wUch  is  aUo  produced 

when  cUonlo  (MT  potash  it  dfcompoted  by  heat.    Iodide  of  pMaaunn  n  formed 

laUl  emmion  m  light  when  poUa^un  b  heated  b  contact  with   iodine. 

IlyiMgcn  and  polawiuin  unite  in  two  [woportioin,  fbnnlng,  in  one  case,  a  solid, 

mi  in  the  other  a  gateou  eocnpoond.   The  wKd  hydruret  was  made  hj  heating 

maaeai in  hydrogen  gas :  it  ia  a  grey  solid  nihrtanee,  eatily  decomposed  hr 

■rat,  or  contact  with  water.  The  gaseous  compound  is  (bnned  when  hydrate 
cf  potftah  is  decomposed  by  inn,  at  a  white  h^^  end  it  ^tpean  also  to  be 
oeDarated  when  potassium  bums  on  the  eurliure  of  water.  Sulphur  unite*  readily 
by  means  of  beat,  and  the  compound  snlphiu«t  of  potassium  becomes  incan- 
descent at  the  moment  of  union.  Id  like  manner,  pho^horua  combines  with 
polasaiiun,  forming  phosphuret  of  potaasium. 

POTATOES.  A  bulbous  esculent  root,  and  forming  the  ba^s  of  several 
maaiiftctnrea.  Under  Ihe  article  Bbc«i>  will  be  found  the  description  of  a 
■Mchine  and  process  for  separating  the  pure  farina  or  starch  Irom  the  others 
with  which  it  is  naturally  combined  Under  the  heads  Alcohol  and  Disrii.- 
tarioa  are  also  gtren  the  procesaet  employed  for  the  conversion  of  the  potato 
inio  anient  spirit. 

POUNCE.  Gumsandarach,  poandedand  rifled  very  fine,  mixed  or  notwitli 
Ae  fine  powder  of  the  euttle-fish  bone,  and  used  for  rubbing  on  paper,  to  prevmt 
ifce  wriang  thereon  ttom  sinking  or  blotting. 

POWER,  in  Mtchaniet,  ia  the  force  which,  being  applied  lo  any  body,  taalt 
lotion,  wbetber  it  actually  produces  it  or  not     In  the  former  caae 
le  moving  power ;  in  the  latter,  the  sustaining  power     fSee  Horse 
«.)    The  term  pacer  is  likewise,  for  the  want  of  a  better  word,  applied  lo 
is  aiecbanital  i^en<f  (as  we  prefer  to  call  thqm),  namdy,  lever,  pulley. 


inclined  plane,  nlieel  and  aslc,  wedge  and  u 
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POTTERY.  The  art  o{  making  vessels  rrom  earth.  In  tbe  earliest  igm 
upon  record  pottery  kbs  maimfnctiired.  The  cliief  establishments  in  England 
are  iu  Staffordshire,  in  a  district  called  The  Potteries,  at  Worcester,  Dprby, 
Caal-port,  and  LiverpooL  The  potteries  in  Staffordshire  employ  many  thoutanda 
of  persona,  and  the  value  of  their  produce  was  estimated  at  800,OtK)i.  per  annum. 
The  essential  material  of  all  pottery  is  clay,  which  of  itself  possesses  the  two 
requiiile  qualities  of  being  in  its  natural  state  so  plastic,  that,  with  water,  it 
becomes  a  soft,  unifonnly -extensible  mass,  capable  of  assuming  and  retaining 
any  form,  and,  when  thoroughly  dried,  and  having  undergone  a  red  best  for  a 
"    *      ■•-'■■■  ■    -  '  *      '   rd,  close  in  te 

jned  within  it 

most  important  circumstances  requisite  to  be  considered  in  selecting  the  mate~ 
rials  for  pottery  are  plasticity,  contractibility,  solidity  and  compactness  after 
drying,  colour,  and  infiisibility.  Wedcewood  was  the  great  improver  of  this 
mani^actiire.  The  processes  employed  at  most  of  the  manufactories  are  vnj 
similar,  which  may  be  classed  under  the  following  heads  : — Preparation  of  taw 
material,  moulding  and  turning,  firing,  pHntiiig,  glaring,  and  painting.  We 
they  arc  conducted  at  Spodes  elt>- 

In  the  pTeparaliaH  of  the  roa  material,  a  ponerful  steam  -engine  perform* 
many  of  the  processes  formerly  carried  on  by  manual  labour.  The  bodies  of 
eaitbcnware  ore  composed  of  Kent  flint  and  Weat-of-England  ctay.  The  flint 
is  first  calcined  in  kilns,  similar  to  those  in  which  lime  is  burnt ;  it  is  then 
broken  by  revolving  bammerg,  put  in  motion  by  the  steam-engine,  and  aSlei- 
n'ords  conveyed  into  the  pans,  paved  with  stone,  to  be  ground  witb  water.  In 
the  centre  of  the  pans  there  is  an  upright  shaft,  from  which  several  transvene 
arms  branch  out,  having  very  heavy  stones  placed  between  them :  these  stone*, 
moved  horizontally  by  the  steam-engines,  grind  the  flints,  until  they  form  » 
cream-like  liquid,  which  is  let  off  into  the  wash-tub,  where  the  coarser  partielea 
are  separated  from  the  fine  ;  the  latter  runs  oS'  Into  reservoirs,  and  the  fonncT 
is  carried  back  to  the  grinduig-pan.  When  the  ground  flint  is  wanted  for  uie, 
it  is  conveyed  from  tbe  reservoir  by  a  pump,  worked  also  by  the  steam- engiQe. 
The  prooesB  of  prepaiing  the  clay,  and  mixing  it  with  the  flint,  is  this : — The 
clay  IB  drawn  up  into  the  upper  ohamher  of  the  slip-l — '  ■' ■' 


tity  of  wa 
tub  the  w. 
liquid  is  1 


,  ind  there  thrown 
which  moves  a  iliaft,  with  knives  fixed  in  it,  to  cut  tha 
small  pieces.  The  clay  is  now  laid  in  a  cistern  with  a  proper  qnan- 
;r,  where  It  softens,  and  is  then  put  into  the  'plunging-tuh  ;  in  thii 
ter  and  clay  arc  stirred  until  they  become  thoroughly  mixed.  The 
o«  drawn  oS*  into  another  cistern,  from  which  it  posses  tlirough  ■ 
■ilk  sieve  into  a  tliird  cistern  ;  then  into  a  fourth,  through  silk  sieves  slill  finer; 
tbe  ground  flint  and  other  ingredients  are  now  brought  and  mixed  together. 
and  the  nliole  passes  through  sieves  of  a  greater  degree  of  fineness  into  « 
fifth  dstera :  in  this  is  a  pump,  that  throws  it  into  a  trough  for  conveying  it 
into  the  drying  kiln.  AU  these  various  operations  are  worked  by  the  steam- 
engine,  and  there  are  fourteen  sieves  in  motion  at  one  time.  Afler  the  dayhaa 
been  dried  it  is  taken  from  the  kiln  and  laid  together  in  large  heaps,  and,  bebre 
it  ii  worked  into  the  vessels  for  which  it  is  destined,  the  air  bubbles  arc  disen- 
gaged from  it :  this  is  done  by  a  machine  turned  by  the  steam-engine.  Tba 
machine  is  an  iron  box,  shaped  like  an  inverted  cone,  with  an  upright  shaft  in 
its  centre,  to  which  are  affined  knives  to  cut  the  clay  wliich  is  put  into  the  box, 
by  their  rotatory  motion,  and,  at  the  same  time,  so  arranged  as  to  force  it  down- 
wards to  a  square  aperture  at  the  bottom;  it  escapes  through  this  in  a  suffi- 
ciently compressed  state  for  tbe  workmen,  and  is  then  cut  into  square  piecei  of 
a  convenient  siie,  to  be  distributed  in  the  manufactory.  Near  the  steam-engine 
ate  workshops  for  those  branches  of  tbe  trade  which  require  tbe  aid  ofmacbinei;; 
and  in  this  building  there  are  eight  throwing- wheels  and  twenty-five  tumii 
lathes.     UndemeaUi  these  shops  are  drying-houses,  heated  by  steam,  i 


•a 


tfw  wtnii  dried,  previinulyto  its  going  totlieovuitolwfind;  ibore  the  WMk- 
shopi  ii  a  single  room,  capable  of  faoWog  200  worioMll. 

Moulding  and  Turning.  —  Tea-cuju,  (BttMn,  buiuf,  JDgt,  and  «a^  like 
Teasels,  receive  Iheir  fint  shape  from  the  haudi  of  the  thrower,  irha  lila  on  a 
•tool  with  a  Hat  drcular  wooden  whepl  before  him,  moving  horizontal];  on  a 
aiToL  This  wheel  is  Bet  in  motion  by  ike  tteant-engine,  and  the  workman  can 
iDcrcaie  or  diminiih  its  velocity  as  there  is  occasion.  Upon  the  centre  of  tha 
wheel  the  operator  throm  a  lump  of  clay  of  the  required  lixe,  and  forms  it 
into  almost  any  shape,  with  the  utmost  (acility;  it  is  then  cut  from  the  wheel 
b;  a  wire,  and  taken  to  be  dried,  tlial  it  ma;  acquire  luffident  hardness  to  fit  it 
for  the  next  operation.  By  luming.  the  superfluon*  part*  of  the  claj  are  taken 
ofi^  lo  ai  to  render  the  article  perfectly  nnooth,  and  to  give  it  the  exact  shape. 
The  lathes  on  which  the  vessels  are  turned  are  alao  pnt  in  motion  by  the  ateam- 
cn^e,  and  regulated  as  to  speed  by  tha  tnmer  himaelf.  The  principle  of 
tnming  earthenware  ii  very  similar  lo  that  employed  in  wood  tumiog.  The 
Tesseli  requiring  handles  and  spouts  are  taken  to  the  handling  room,  and  Ihoae 
which  do  not  niuit  this  appendage,  after  having  attained  the  requisite  hardnen, 
arc  sent  to  the  oven  to  he  baited.  The  handl«%  made  <m  a  mould  of  plaster  of 
Paris,  are  fixed  to  the  vessel  with  a  liquid  mixture  of  the  same  material  as  ths 
vessel  itself. 

For  the  formation  of  VRrious  articles  manufactured  in  all  potteries,  moulds 
made  of  plaster  of  Paris  are  necesiary.  The  modeller  forma  the  shape  of  the 
intended  vessel  out  of  a  solid  lump  of^clajr,  which,  after  receiving  his  finishing 
touches,  is  handed  to  the  person  nho  makes  the  plaster  mould  from  iL  Ptatea 
and  dishes  are  made  from  moulds  of  this  kind,  upon  which  the  operator  lays  a 
piece  of  clay  of  the  length,  breadth,  and  thickness  required ;  the  mould  and 
clay  are  then  placed  upon  a  nlieel  tumtog  horicontallj  on  a  pifot;  and  the 
ciperatnr  keeps  peeling  rouiid  nith  the  leH  band,  and  preisei  the  day  to  the 
■bape  of  the  mould  with  the  other.  The  mould  and  dish  together  are  then 
carried  into  a  stove  moderately  heated,  where  it  remain*  tmtil  suffideotly  dried 
to  separate.  The  plate  or  dish  is  then  cut  even  at  the  edges,  and  in  otlur 
respects  finished  :  before  they  are  baked  the  dishes  are  laid  flat  upon  plaster  or 
stone  flags,  that  are  quite  level,  in  order  that  they  may  remain  straight  until 
thej  so  to  the  oven  to  be  fired.  Tureens,  vegetable  dishes,  and  such  articles, 
are  also  made  in  moulds,  hut  require  more  time  and  care,  being  less  simple  in 
tbar  form.  Figures,  flowers,  and  foliage  in  bas-relief  are  also  formed  sepa- 
rat^  in  moulds,  and  afterwards  affixed  to  the  vessel  with  diluted  clay. 

tiring. — When  the  ware  is  ready  for  fiiine,  it  is  placed  in  clay  cases,  called 
aaggara,  which  vary  in  size  and  shape  according  to  the  articles  placed  in  them. 
The  saggars  are  put  into  an  oven,  shaped  like  a  bee-hive,  with  an  opening  at 
the  tqt;  there  is  also  an  opening  at  the  side  to  admit  the  saggars,  but  this  is 
doaed  before  the  fire  ia  applied.  Each  sa^ar  is  luted  lo  the  other  by  a  roll  of 
■oft  fire-clay  ;  this  secures  the  vessels  contained  in  them  from  dust,  the  fiimes 
of  (be  fires,  and  from  the  eSects  of  the  air  when  the  oven  is  cooling.  The 
fiica  which  beat  the  oven  are  placed  round  it  in  proper  receptacles,  which 
eommimicate  with  the  interior  of  the  oven  by  flues,  beating  every  part  equally. 
Tld*  fint  firing  gives  a  higher  degree  of  heat,  and  ia  continued  much  longer 
than  any  tnccesiive  firing ;  when  once  fired,  the  article  is  called  biscuit  ware. 
The  oeam  coloured,  or  queen's  ware  it  now  carried  to  the  dipping-house,  to 
recure  its  glazing ;  that  which  is  to  be  printed  blue  ia  taken  to  the  printing- house. 

PriKiing. — The  design  is  previously  engraven  on  a  copper  plate,  and  laid  on 
■  Btooe  to  warm.  The  colour  (which  has  oxide  of  cobalt  for  it*  basis)  ia  mixed 
with  a  preparation  of  oUs,  to  fetch  out  the  impression  ;  this  mixture  is  smeared 
over  the  surface  of  the  plate  and  again  cleaned  o^  leaving  the  liquid  in  the 
engraving  only.  The  paper  used  to  take  ofi'  the  impression  is  made  expressly 
tat  this  purpose;  it  is  damped,  laid  on  the  copperplate,  and  passed  between  two 
iron  njln*,  as  in  ordinary  copper-pUte  printing.  The  design,  bein^  transferred 
to  the  paper,  is  laid  immediately  upon  the  ware,  being  rubbed  on  with  a  flannel- 
After  remslm'ng  a  short  time,  the  ware  ia  put  into  a  tub  of  water,  and  the  paper 
Ii  i^aided  from  it  by  a  sponge,  leaving  tne  design  in  the  moit  perfect  state. 
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The  ware  ii  llicn  dried,  and  laken  to  the  oven  to  be  burned ;  during  thii  opao' 
tion,  llie  oil  nliich  has  be«a  mixed  with  the  coiour  in  tbc  printiti?  is  deslroved, 
and  the  oxide  of  cobclt  more  firmly  attached  to  the  wars  ;  it  ie  tben  glazed. 

Giaximf. — The  glaziers  dilTer  in  (heir  cnmpoaitiaD  in  all  manufaclDriea  ;  mMt, 
however,  have  oxide  o[  lead  for  tbeir  bsais.  Tlie  ingredient!  being  mixed  with 
water,  and  well  ground,  tlie  slaze  is  ready  for  use,  iti  which  (he  vesseb  are 
flipped.  On  drying,  which  takei  place  ioitantly,  the  water  contained  in  tli« 
glaxe  being  absorbed  by  the  poroiily  of  the  veiicl.  it  is  covered  with  a  fine  white 
powder,  of  u  repidar  thickness;  thia,  when  fired,  becomes  vitreous,  or  assumes  a 
glass-like  appearance,  and,  from  its  traniparency,  the  blue  pBltem  underneath 
is  rendered  perfectly  risible.  In  the  last  firing,  especial  care  is  taken  to  keen 
one  piece  mim  touching  the  other,  or  the  whole  would  fuse  into  one  united 
mass.  Great  attention  is  also  requisite  in  the  firing,  not  to  giro  too  much  or  too 
Utile  heat,  either  extreme  being  injurious:  tbe  fireman  in  this,  as  in  the  other 
firing,  draws  oul  trial  pieces  from  the  otcd,  with  an  iron  rod,  to  ascertain  the 
proper  degree  of  Ijeot. 

Pamtiag. — The  pieces  of  porcelain  or  earthenware  to  be  enamelled  and 
enriched  by  gilding,  are,  after  the  first  firing,  dipped  in  a  suitable  glaie,  and 
again  mbmitted  to  the  fire:  they  are  then  delivered  lo  the  painter  or  enar 
nieller.  The  colours  used  in  enamel-painting  are  composed  of  mctHllic  cal>e« 
and  Suxes,  suitable  to  each  other,  separately  and  conjoin  Uy,  and  of  such  a  nature 
as  to  fuse  them  sufficiently  for  the  glazing  on  which  ibey  are  laid.  Gold  has 
also  its  flux,  and  is  laid  on  as  other  colours  are.  When  the  painting  is  com- 
pleted, the  ware  is  placed  in  a  fiirnace  less  in  sixe,  and  different  in  conslnielion, 
Irom  that  before  noticed.  Care  is  here  necessary  in  the  atrangement  of  tlie 
vessels,  and  great  nicety  is  required  in  the  degree  and  the  conlinuatlon  of  (he 
heat,  which  is  not  so  intense  as  in  the  former  firings.  The  colours  after  ihii 
firing  put  on  a  sliiiiing  appearmnce,  but  the  gold  has  an  opaque  yellow  cast,  and 
is  burnished  with  a  blood-stone  to  give  it  the  desired  biillinncy. 

The  deleterious  efiects  of  glazes,  composed  principally  of  lead,  baring  engaged 
the  attention  of  the  Society  of  Arts,  they  were  induced  to  offer  their  largest 
honorary  premium  for  tbe  discovery  of  a  etaze  for  the  common  red  pottery, 
composed  of  materials  not  any  ways  prejudicial  to  the  health,  and  which,  from 
its  cheapness  and  fusibilil]*,  at  the  comparatively  low  temperature  required  hy 
red  pottery,  might  supersede  the  use  of  lead  in  that  branch  of  maniifaelure. 
The  foUowing  method  was  communieated  lo  the  Society  by  Mr.  Meigli,  of  Skel- 
ton,  for  which  the  Sodeiy  awarded  him  ibe  premium: — Tlie  vesselaare  to  befirst 
dipped  in  a  mixture  of  red  marl,  ground  in  water  to  on  impalpaUe  paste,  in 
order  lo  fill  up  the  pores  with  the  fine  portictes  of  ihe  marl ;  the  veiisels  are 
then  glaxed  with  a  mixture  of  the  consilience  of  cream,  of  equal  parts  of 
black  manganese,  glass,  and  Comish  stone,  well  ^ound  and  mixed  together, 
and  when  the  ware  is  well  dried  it  is  fired  as  usuaL  For  a  white  glaze,  the  man- 
ganese is  omilied- 

Owing  to  the  vast  extent  of  tbe  manufacture  of  refined  sugar  in  this  country, 
there  is  a  very  great  and  constant  demand  for  sugai^loaf  moulds,  which  are  a 
species  of  unglazed  red  pottery,  made  upon  the  potter's  wheel.  Messrs.  T,  and 
R,  Powell,  of  Bristol,  however,  by  an  improved  patent  process,  now  form  them 
upon  B  mould,  prenaratory  to  tumiiia.  and  aficrwnrds  give  them  a  glaze  both 


inside  and  out.  The  nutchinecy  emMoyed  by  the  patentees  is  represented  in 
he  following /^.  1,  2,  and  3.  a,  fig.  1,  represenUlhe  mould  formed  of  wood 
ir  plaster  of  Paris,  or  both,  and  turned  perfectly  smooth :  it  has  a  cylindrical 


the  apex,  and  in  tlie  centre  of  tlie  base,  a  hole  to  receive  the  head  of 
an  upright  spindle  r,  which  projects  about  sji  inob  through  the  disc  d;  upon 
this  disc  the  mould  is  placed,  a  small  pin  from  d  entering  a  hole  in  the  base  to 
carry  it  with  tbe  disc,  when  the  spindle  (which  is  placed  at  the  potter's  table,) 
is  set  in  motion  by  a  band  passing  round  the  pulley  r. 

Fig.  2  represents  the  preu  in  which  the  clay  is  prepared  for  the  mould,  a  a 
the  cheek  of  (he  press ;  b,  B  stout  triangular  box  secured  to  the  sides  of  the 
■ness,  of  the  shape  shown  by  the  dotted  lines  on  Fig.  3 ;  c,  a  table  supported  bf 
hinges  at  one  end,  and  at  the  other  by  wedges  resting  on  the  &ame  ;,-  a  Bat 


hBttAfi  (tbown  sspanic  in  Fig.  3,)  is  placed  upon  the  table  under  0 ;  in  the 
bos  ft  B  k  thick  plank,  of  the  shape  of  an  interior  of  f,  uid  acreu  b  h  placed 
«  (tout  block  of  wood  ff,  which  is  retained  in  its  place  bj  iron  atraps  h  hotted  to 
b,  md  h«riag  forelock*  pauine  through  the  top  of  them ;  in  y  works  the  icrev 
i,  it*  apper  end  being  iteadied  by  the  cros»-piecc  I,  and  the  lower  end  pressing 
upon  the  thick  plank  in  b, 

fig,  3  repreaenU  the  ptonk^  which  is  half  an  inch  thick,  and  having  a  piece 
taken  out  of  the  centre  (a«  ahown  in  the  figure) ;  the  doited  lines  represent  the 
exterior  shape  of  b,  the  interior  beins  the  aame  m  /^    The  operation  ii  aa  fol- 
I  lows:  the  plank  /  bdng  [riacad  on  uie  tahle  and  ilided  under  b,  the  table  ii 


wedged  np,  and  the  forelocks  are  withdrawn  from  the  straps  h;  the  block  g  and 
t  are  raised  by  a  rope ;  the  box  b  is  then  to  he  filled  with  clay,  and 
1  with  the  thick  plank  before  menlionedj  g  a  then  replaced,  and  the 
foretoeks  driren  in  :  the  screw  being  now  turned,  presses  the  clay  into  the  mould 
plank/;  a  wire  is  (hen  drawn  through  between  the  plank/and  the  hoi  b/  the 
wedges  being  knocked  out,  the  plank /is  withdrawn,  and  replaced  by  anotlier, 
and  the  table  again  wedged  up.  The  piece  of  clay  in  /is  then  to  be  remoTcd, 
and  placed  upon  the  mould  lig.  1,  round  which  il  is  wrapped,  the  edges  closed 
together,  and  then  turned  fair  and  Fcnoolh  :  it  is  afterwards  removed,  when  suffi- 
ciently dry,  to  the  kiln  ;  and  when  burnt  enough,  the  salt  glaze  ia  given  in  the 
unial  manner.  Instead  of  the  box  ft,  a  number  of  planks  like/may  ho  placed 
LDpon  each  other,  and  bebg  firmly  clamped  together,  the  clay  may  be  preaaed 
^'Jnto  tbem  by  the  screw,  and  then  being  undamped,  a  wire  may  be  passed  he- 


I  port  made  to  Kparate  and  fUl  down  in  the  conerete  state,  the  act  of 
Hiallhig  ia  termed  precipitation,  and  the  matter  fallen  is  called  a  precipitate. 

Press,     a  machine  fur  the  compreaaion  of  any  articles  or  suhatancea,  by 
e  application  of  screws,  levers,  wcdgei,  Stc  in  a  convenient  manner.     Ai  Ibi^ 


no  PRESSES. 

combinauon*  of  the  mechanical  pawcrg  are  almost  illimilable,  it  rollowi  (hat  than 
may  be  presses  made  of  an  almost  iiiiinile  variety  of  fotnu ;  but  by  no  pcnrible 
combination  or  airangement  of  Ibe  mechanic  powera,  can  any  power  be  obtained ; 
that  must  be  derived  froni  manual  labour  or  saiae  otber  moving  force  i  and  u 
no  motion  can  take  place  in  any  macbine  without  a  lou  Irom  friction  of  Koine 
portion  of  the  originnl  force  applied,  that  preaa  which  imparU  the  grcalcat 
mechanical  energy,  with  the  least  proportion  of  friction,  and  in  the  most  con- 
venient manner,  is  the  best  tt  boirerer  happens  in  most  case?,  that  friction  ia 
reduced  in  proportion  to  Ihe  excellence  of  workmanship  or  perfection  of  form ; 
and  «i  thii  Rtcumitance  enhance!  the  cost,  a  preference  is  often  given  to 
machines  of  rude  construction,  and  of  less  convenience  iu  form.  Under  the 
article  Ojl  we  have  described  a  variety  of  presses  of  very  simple  constmctiotl, 
but  of  great  energy  and  little  cost ;  they  are,  however,  for  the  most  part,  not 
■ufGciently  compact  and  convenient  for  the  operations  of  the  packer,  or  for  the 
general  purposes  of  our  manufactories.  Screw  presses  generally  coDsist  of  six 
memben  or  pieces ;  vii.  two  flat  emooth  tables  of  wood  or  metal ;  the  lower 
one  lized,  and  the  other  above  it  movable.  Between  the  sur&ces  of  these  tables 
the  goods  to  be  pressed  are  laid,  and  one  or  more  screws,  worked  by  a  lever, 
are  :iiadc  to  force  the  movable  table  or  board  towards  the  immovable  one,  and 
thus  produce  the  pressure  on  the  interposed  body.  This  is  the  general  nature 
of  tlie  machine,  of  which  there  are  many  varieties,  each  adapted  to  its  own 
particular  purpose.  The  most  modern  screw-presses  have  genernlly  but  one 
screw,  preferably  made  of  iron,  which,  at  iu  lower  end.  has  s  massive  globe 
head,  with  four  holes  through  it,  for  the  reception  of  the  end  of  the  levet 
employed  to  turn  the  screw  ;  the  thread  of  the  screw  passes  through  a  nut  fixed 
fast  in  the  head  or  top  of  the  frame  of  Ihe  press.  The  frame,  in  this  case,  con- 
sists of  a  lower  bed  or  horimntal  piece,  on  which  the  matters  to  be  pressed  are 
laid,  two  upright  checks  bcine  firmly  imited  with  it,  and  supporting  the  bead, 
or  upper  horizontal  pieces  of  the  press,  in  which  the  nut  of  the  screw  is  fixed ; 
the  lower  point  of  tiie  screw  is  united  with  the  follower,  or  moving  bed  of  the 
press,  ond  this  rests  upon  the  substance  to  be  prcsEed,  and  the  power  of  the 
screw  forces  it  down  upon  it.  A  press  of  this  kind  is  described  under  the  article 
Hot-paassTMO,  but  adapted  to  the  latter  object. 

Another  kind  of  sfrew-press  consists  of  two  icrews,  which  are  immovably  fixed 
in  the  lower  baaid  or  bed ;  and  passing  through  holes  in  the  upper  board,  have 
nuts  upon  them,  which,  being  turned  by  a  lever,  draw  the  two  boards  together, 
and  exert  a  pressure  upon  any  thing  placed  between  them.  Sometimes  tlie  screws 
pass  tbrough  the  upper  board,  and  ara  tapped  into  the  lower  one ;  then  the 
screws  themselves  are  turned  round  b^  a  lever  put  throueh  their  heads  instead 
of  turning  the  nuts.  Presses  of  this  Und,  when  accurately  made,  have  a  com- 
munication with  wheel-work,  from  one  screw  to  the  other,  so  that  both  shall 
turn  Toond  together,  atid  caule  the  two  boards  of  the  press  to  advance  parallel 
to  each  otber.  The  bookbinder's  cutting  press  is  a  modificBlion  of  this,  and  is 
used  by  bookbinders,  stationers,  and  others.     See  BooaaiNDitia. 

The  screws  for  presses  were  formerly  made  of  wood,  with  sharp  threads ;  lliat 
i%  (he  worm  of  the  screw,  if  cut  across,  would  make  a  triangular  section,  the 
base  thereof  abutting  upon  tbe  cylinder  of  the  screw.  In  this  method  it  was 
necessary  to  have  tbe  threads  rery  coarse,  to  give  them  suQicient  stien^th,  and 
then  the  power  of  the  screw  was  not  so  great  es  in  the  olher  presses,  where  the 
screws  are  made  of  iren,  and  their  threadii  not  above  one-tlurd  or  one-foimh  Ihe 
distance  asunder;  the  tenacity,  hardness,  and  smoothness  of  Ihe  metal  also 
diminishes  the  friction  considet^ly.  The  frames  of  tbe  modem  presses  are  also 
made  of  iron,  wood  being  found  incapable  of  permanently  resisting  the  great 
■train  to  which  they  are  subject,  as  all  the  fibres,  e\en  of  the  hardest  oak,  become 
separated  into  ribands,  and  tlien  break,  one  at  a  time,  till  the  whole  beam  fails. 

Ad  excellent  modilication  of  the  screw-jiresa  was  invented  and  patented  by 
Mr.  Daniel  Dunri,  of  Fentonviile,  which  is  adapted  to  a  variety  of  uses ;  the 
following  is  a  description : — Instead  of  tbe  simple  lever,  consisting  of  a  long 
•Iraight  bu',  which  reqnirei  so  large  a  spact^  to  move  it  in,  the  patentee  use*  a 
Mtppoimd  lercr  (much  like  those  employed  in  the  ordinary  printing  press),  by 
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im 


the  MUM  power  is  obtained  in  a  mooh  more  compmot  apparatut. 
J%!.  1  rapmenta  an  deration  of  the  complete  prett,  and  Fig.  2  a  plan  of  tlio 
impfOfea  part  of  the  machine ;  the  like  letten  in  each  figure  denotinv  limilar 
ptfti.  «  k  the  bed  of  the  prem  b  b  of  maniTe  oak;  6  6  the  cheeki  or  lide  framinff ; 
e  the  head;  d  Uie  mit  fixed  into  the  head,  through  which  the  «crew  t  it  turned ; 
/  ii  tiie  pklten ;  ff  the  goods,  together  with  the  prese-boards  or  metal  plates 
Between  mm.  Thus  fiur  the  press  is  like  others ;  but  instead  of  having  a  large 
acrew-heady  with  apertures,  for  the  insertion  of  a  long  lever  bar,  that  part  of 
the  screw  is  squared,  and  on  it  is  fixed  a  circular  metallic  plate  or  wheel  A,  with 
a  donUe  row  of  ratchet-teeth ;  one  of  the  rows  of  teeth  project  horizontally 
finom  the  periphery,  the  other  vertically,  as  will  be  understood  upon  examining 
both  fiffores.  t  is  the  handle  of  the  compound  lever,  which,  being  formed  into 
a  drauar  eye  at  the  farthest  extremity,  is  thereby  fixed  upon,  and  traverses  up 


i'Hg.l, 


and  down  the  fnJcrmn  k,  which  w  an  upright  mt  firmly  br^lt^d  t/>  on«  of  th«^ 
cheeks  of  the  press.  To  alter  the  pow*r  accorrlinff  to  r.irmmiitAAc^,  th«* 
curved  cod  of  ue  handle  t  ia  p«»rlV>ratftd  with  several  noies^^  u*  rfirj^Avt  a  k^y  or 
bob^  which  fintens  the  other  portion  /  of  the,  compotmd  le-zftr  tr,  it  ^h^tt  <*»<*n  in 
/SfL  2);  the  cxtreinity  of  /  is  hooked  or  nocched  so  se  to  takit  hold  of  th#i  t^i»th 
of  the  nlchei-wfaeei,  and  it  hae  a  plate  screwed  on  to  it  sc  «  to  prer^nt  it  from 
iaHing  «C  To  sopport  the  compound  lersr  at  the  fe<)nired  ftieration,  a  ttoiit 
pin  is  paased  into  ahoie,  of  which  there  art  a  series  made  fbr  the  purpose  in  th^ 
side  dwek.  In  operadog  with  this  pmss,  the  ^rwis  are  laid  npon  th^  hoftiMn 
hoaid  m  dw  nanai  manner ;  the  piaOen  /  ie  then  hrooftht  <iown  by  mmin^  t)ii> 
ratchet-wiucl  noad  by  haxid.  The  pressure  is  then  given  by  polUng  berk  fh^ 
haDdle  s  in  die  direeBon,  and  m  the  position,  shown  by  datiMimm  in  /^.  2  -. 
hf  rcpcsSaAy  moving  the  handle  in  this  way,  thit  rst4*het^ wheel  m  <lrawn  round 
bw  the  lew;  which  eaaaes  the  screw  u>  deeeend  and  fo  force  ^he  pUtt^n  ^Mraimrt 
the  gooda :  dmrxng  thia  opetation  it  will  orivMaottaUy  o«  necessary  to  ;«rt  th^  Vv«»r 
drarsnd  mpon  the  fiiierum,  by  takini^  out  the  s^pportin^  pm,  ami  pvttf  int/  it  tnfA 
the  next  Ua  hemradi.  Waen  it  im  r^^iir*^  to  imserew  tiie  preM,  !h<»  h#iolrM 
cad  of  dM  ksEer  /  ia  placed  in  contact  w'ltn  ^4m»  fivtiii^  M'  *enh  'm  \X\m  ^ryw  «ui*' 
five  ef  the  stfdie&wbeel ;  the  lever  iii»h.^  tit«'n  p«iliMl  riut  fr^^^rm  vray,  tlie 
acRW  ia  oised,  and  the  pres«ir4»  fiiken  odl 

A  vsry  snhsrantinf  an4  praettc^i  *mMk*\\\\%  j^-^^  nas  b^^^n  mad^^  by  Mr.  J.  L» 
Poodnis^  ^fpe^lbonder,  of  Ho4bom  :  .t.  .«   ifiiiMSiiUkrly  <les4(n^4  i»r  the  iiee  of 
amdonem,  and  pnnien ;  tlie  arr'iii{{<fm«'»t  diepeasMHp  with  the  Umh^ 
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incoDvenient  lever, 'ai  in  Mr.  Uucn' 
•pectivB  outline.    There  u  little 


It  ii 


ented  ii 


represe  _ 

ctiue  ttiat  varies  eneotiallr  ftma 
of  the  kind ;  Uie  head,  bed,  cheeki,  Bcre«,  and  nut,  may  be 
regarded  w  the  «anie.  The  chief  novelty  consiiU  in  employing,  in  addition  W 
these  parla,  a  toothed  wheel  b,  fixed  on  the  axii  of  the  lereir,  and  operating 
npon  It  by  the  •mall  pinion  e  turned  Iw  the  lever  d,  which  fiti  on  the  aquarw 
end  of  the  axil  of  c,  whereon  it  ii  sbiited  at  every  freih  puIL    The  powar  of   < 


the  piees,  when  bnnight  down  to  the  work,  i 


e  increased  tn  proportica 


=  ,  navtli 

to  the  difference  of  the  diameter*  between  the  large  wheel  and  the  tittle  piniooi 
the  ilow  operation  of  the  pren  at  this  time  ii  of  little  coniequence.  Thu  preM 
■tanda  in  but  little  room,  considering  its  mechanical  efficacy,  and  it  ii  mouu- 
factured  at  a  low  price. 

The  foregoing  are  auffioicnt  examples  of  the  conatauction  of  Kme  prnwM ; 
we  shall  therefore  proceed  to  give  a  description  of  a  most  ingenioni,  cheap,  and 
effective  press,  in  which  all  the  other  mechanical  powers  ore  hroueht  mto 
operation ;  viz.  the  mhetl  and  iwlf.  Itvtr,  ittig*,  Mcbied  plane,  and  jnaUy.  It 
i>  one  of  tha  investioiii  of  Mr.  Ewinga,  a  talented  member  of  the  l^don 
Mechanics'  institution,  who  obtained  for  it  Dr.  Feliowea's  annual  prize  of  ten 
pounds.  This  press,  which  ii  applicable  to  the  packing  of  goods,  presung  of 
juice  from  fruits,  ail  from  seeds,  or  other  putposea  to  whieh  the  screw-prcM  it 
usually  ^plied,  consists  of  a  fi^e-work,  and  two  or  more  blocks  or  beam^ 
between  which  the  articles  to  be  subjected  to  pressure  are  to  be  placed ;  ana 
these  vary  in  form,  size,  and  material,  according  to  the  purpoaea  for  which  tbej 
•re  intended.  Mr.  Ewings  does  not  claim  any  novelty  in  the  conatrucUon  tf 
thate  parts,  but  only  in  hu  method  of  producing  the  pressure,  which  is  effected 
17  bnoging  together  the  pieces  that  act  on  the  articles  to  b«  pmsed  by 


^^ 


wcdgH  i  these  are  Torced  in  by  lever*  (in  the  monnar  represented  by  tbe  fol- 
lowing figuroa  1  and  2),  in  both  of  vhich  the  tame  Uitenor reference  repreient 
■itntlu'  porti.  a  i«  the  base  of  the  press,  fiimiibed  U  each  end  with  ratehn 
notches  6  b,  whif  ]i  conititute  the  fulcnimi  of  the  levers  Ah;  c  is  the  lop  of  the 
press,  supported  by  the  frunes  d  d;  and  tt  aie  the  pieces  acting  on  tlie  goods, 
either  doKnwBrds,  upwards,  or  both,  according  as  the  pressure  may  be 
required  :  in  Fig.  1  it  is  represented  acting  upwards ;  and  in  F^.  2  it  is  tepre- 
■enled  acting  both  ways  ;  jf/f  are  friction  rollers,  between  which  the  vredgea 
fg  are  projected.  A  cord  is  fixed  to  a  hook  on  the  end  of  one  of  the  levers, 
and  passing  over  a  pulley  It,  on  the  end  of  the  other,  ii  attached  to  a  small 
dnim  /,  which  is  furnished  with  a  ralchet-wheel  and  pall,  and  is  turned  by  a 


L 


Wb  have  seen  o[}iet  m«ilfn;i,tiuna  of  Mr.  Ewinps'a  press,  but  we  have 
Wdeaei  th«  above  as  beat  calculalud  to  nhuw  the  principle  of  its  action. 
AtooBgil  the  advantage!!  of  this  press  have  been  noticed  llie  simplicity  and 
of  its  constrnclion,  ni  it  may  be  made  by  almost  any  person  sccus- 
liBtidle  carpenters'  or  smiths'  tools,  of  vei^  cheap  maleriob ;  and  also 


,JL1_ 


the  ftcilil;  witli  which  il 


iiior«at«d  to  au^  extent,  nmplf  by  changing  thp  foim  of  ttie  wedgei 
drsvinei  exhibit  iti  varioiu  applicatioDt  and  mode  of  operation  w     ' 


to  predade  the  neceuily  of  further  remarks. 

W«  (hall  now  proceed  to  the  conaideratioD  of  thote  pt«ue«  wherein  tlie 

SDwer  applied  it  commiiiiicaCed  tlirough  the  mediuni  < 
uid. 

The  hydrostatic,  or  water  press,  as  it  is  totnetimcs  called,  was  lint  broii^ 
into  »  ptsctioal  form  by  the  lale  Mr.  Joseph  Bramah,  and  was  patented  b;  faim 
in  1796.  SincB  this  period  it  has  undergone  many  new  improvements  in  the 
conitructi*e  department,  which,  although  th^jr  have  not  sensibly  added  to  its 
raechanica]  energy,  hare  mBterially  added  to  its  convenience,  by  rendering  l(i 
operation  more  easy  and  certain.    The  foUowing  diagraai  is  exptaoalory  of  tlw 


principle  upon  which  it  acta,  a  repreaenis  tiiu  /iiundnlion  plate  of  llie  machine, 
and  b  the head-plnle,  connected  together  by  four  strong  itandnrds  cc;  the  latter 
(hoiild  be  of  wrought  iron;  and  the  whole  of  the  iilmost  (trength  nnd  lolidily,  to 
lesiaitheentire  force  of  the  press,  which  is  exerted  upon  the  goods  placed  between 
He  follower  rf  and  theheadof  thepreai.  The  piston  or  ram  e,  (which  auppotts 
the  follower  and  goodi)  moves  up  and  down  in  a  veiy  msMive  hollow  cylinder 
//,  bored  wety  accurately  at  its  upper  part  to  (it  the  ram,  and  at  its  lower  end 
somewhat  widened,  aa  »hown  by  the  dotted  lines,  to  admit  a  small  qnand^  nf 
water,  which  l*  fof«ed  into  it  by  b  small  force-pump  j,  along  the  jjipe  h,  Jvtt 
above  that  part  of  the  cylinder  where  the  water  dischnrees  itself  in  a  minute 
crevice,  an  annular  cavity  is  formed  around  the  cylinder,  wherein  is  fitt&l  a 
folding  collar  of  leather,  which  presents  a  thin  edge  both  to  the  ram  and  to  the 
cvlinder.  to  render  the  iunction  between  them  water-tight,  which  it  does  most 

cylinder  where 


cylin^r,  to  render  the  junction  between  them  water-tight,  n 
effectuaUy  by  the  action  of  the  pressure  itself.  The  top  of  the  cylinder  whwe 
the  ram  emerges  ftom  it,  is  provided  with  a  stuffing  box,  well  panked,  and 
secured  by  a  covering  plate.  Now  if  we  suppose  the  area  of  the  valve  by  which 
the  water  la  admitted  into  the  cylinder  to  be  one-eLgliih  of  an  inch  (ru  usual), 
and  the  power  applied  thereto  by  the  lever  of  the  pamp  to  be  n  ton.  and  the 
area  of  the  section  of  the  ram  to  be  64  inche^  we  have  64  x  64  =  40M 
tons  applied  to  tiie  goods  in  this  press,  according  to  the  known  laws  of  the 
pressure  of  fluids,  as  cxnl^ned  under  the  article  I 
mentioned  is  unnecessarily  great  for  the  gcncr«l  purposes  of  * 


The  power 
s  ptea).-  but  il 


iMBB  Art  it  an  b*  MdoBid  i«  UT  nqaina  MiMl  If  •living  <iw  MMM- 
«Niirai  Imr,  dw  nb«  of  trantmiMaii,  udti^tw;  udhiiMpSr 
Mi»  Art  Ab  pom  maj,  bjr odwi  modiflMlka^  b*  Iniimi  lo  u  "-'-^nlti 

It  tbnM,  bowvTer,  ba  nodced,  that  in  the  hjdraitatic  prett  of  Bmuh,  In 
■  am,  the  Mme  tims  b  ocenpied  in  ptuopiii^  aninit  a  null,  ai  i^tinit 
iMlifiiii  II :  in  alduat  all  cbk*  the  «p«nlion  1»  commaDead  when  the 
»  fa  at  a  miniminii :  daring  the  pmceai  tl 

.  Ai  a  reinadj  (or  Ibia  praetisa: 
ofdiShraDt 


H  oHMBiHidT,  nrdj  iMotttd  to  in  pcaetieib 
To  tmm»  nam  oljartiwi^  Mr-imna  Mmdoch  haa  ptopoaad  a  ialfaegtilatiiig 

MnaMie  piwih  in  which  Ae  Aanca  of  power  pcoeaadi  ir '"^ - 

Ae  iMAiia*^  wiAont  anj  mc  or  lutcrnnnca  on  Iha  pa: 

Hit  ingaaiana  nnmgemtat  pn^aaed  wiH  be  conprahendad  by  tl 

dnwingi^  mBAod  Ifg.  1  and  tif.  3,  together  wiA  Aa  taOawi^  daa 


^J^V  '.  *  ■  *MUe^>an*fl»l  arr-T-imi):  >■  *  C-Kway  en*,  trmnrrunx  « 
Wiftrfawdg,  the  two  trmx  pnmpa.  b-^  ,ta  Mwt  mt  "nmtnnnu-M-nf^  w;rti  rfi* 
"^^TTf'  fi,^  •«>>"»  rfiwwflf  lJ««  fcrc  pqino*'  /«  th*  pliinyr,  »orkjn»- 
WMgh  *■  HrtNiiK  li  1 1  s.  aul  bcvntf  ■  Mirf  pMUw  k  \ftiA  on  W  i»,  ^\r(t 
wwto^Higtt  iM  As  ^laiTH  ^«rt  rf  <,  ^  ,•  ■  nt**  i]H«mf  »jn»«n<«  •  ft* 
OMt  ppe,  iMBn  j'te  Aa  ]>»w.  wfutk  ia  not  nnv  ihovii.  it  hmiff  -rf  0^  i-ial 
M^^idfm:  a  fa  a  wHrd.  ••••r  «hi«li  paan  a  Hiain  AxmiMXInc  (Ji»  W* 
Itam;  it  fa  iMd  OTuac -M  4u>  nt.  r  ■■:■•«»  «<m4  ^.  .Wj.  (rrv-n  tit 
MaAaeadi  !^  neana  V  ■  «>H  a«^m  mmwi  x  «i>1  *  *!iw*  «  «  p>itUy 
J^»f  loMe  OB  ft  ^  -wrTij  ay^wairig  AnnU*r  in  iii  Uww  ^wt  :  *  i«  s 
ley  faad  ^hr  «  •■,  He*»r  *m\Am  »*  i.  yn»»r  *M.  «i4  «  awjw  «  it* 
lypvnd;  «fa«ndaHwhMt  «•  *»  give  V  •*»■  ■*»«  •    n#  m&m  ia  a. 
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uCiution  shown  in  Fh.l  the  enlafged 
»  open  to  tliB  vacuum  chamber  a,  and  the 
rei;  the  lower  barrel  of  di«  full  of  water. 

chamber  a,  by  ni 


fotlovi :    aupposc  the  putons  in  (he  uCuatJon  shown  in  Fh, 

rhamber  of  the  forcing  pump  d  h  now  open  to  tite  vacuum  chi 

chamber  ofe  is  open  to  the  atnioiphere  i;  the  lower  barrel  of  d  u  lull  ot  water. 

Upon  latElying  Che  sir  in  the  vacuum  chamber  a,  by  means  of  the  air-pump  b. 


the  air  in  the  chotnhcri/  likewise  becomes  ratefred,  and  the  piitlon  h  will  descend 
Ks  soon  as  the  pranure  on  it  exceeds  the  pressure  oD  the  plunger/,  and  a  portion 
of  water  is  thus  forced  into  the  press  by  the  pipe  n.  By  the  descent  of  the 
piston  A,  tlie  wheel  o  revolves,  and  brings  up  the  piston  of  the  chamber  e;  the 
smaller  wheel  p  is  carried  round  at  (he  B"™"  *•"■"    ""•'  • ■' *■  - 


s  the  cock  r 


the  shoulder  on  which,  takiKg  the  shoulder  on  i,  carries  it  round  a  little  past 
the  vertical  line,  when  it  (')  falls  into  the  position  of  the  dotted  line,  and  open* 
e  Co  the  vacuum  chamber,  and  d  to  the  atmosphere,  'ilie  air  under  the  piston 
of  s  now  becomes  rarefied,  and  it  descends  in  like  manner  as  the  other.  The 
larger  the  vessel  a  is  mode  in  proportion  to  the  chambers  d  and  e,  the  bettar 
will  the  press  accommodace  iticlf  to  the  changes  of  teiiBtoncc. 

Printing  presses  are  described  under  the  arlicle  Friktino:   see  also  On, 

CorYIKG-UACHtNE,  &C. 

PRINTING.  The  art  of  taking  copies  by  impression  of  type,  engraved 
plates  and  blocks,  or  of  any  desi^  or  work  whatever,  in  black-Ink  or  pi^ents 

of  various  colours :  but  the  word  printing,  standing  atone,  without  any  distinctive 
addition,  is  usually  iindersCood  to  imply  typography,  or  printing  from  type, 
it!>ually  called  letter-press  printing,  nliich  we  propose  to  notice  in  the  nrst 

I''""; 

It  is  a  remarkable  circumstance,  mat  notwithsCanding  the  art  of  letter^preaa 
printing  has  formed  a  new  era  in  the  history  and  character  uf  our  species,  the 
origin  of  its  invention  is  involved  in  mysterious  ohicurity.  Tlie  priinittvu 
honour  of  having  nven  birth  to  Uiis  sublime  vehicle  of  knowledge  has  been 
claimed  by  the  lta£an,  the  German,  (he  Dutch,  and  the  Swiss  nations.  Hie 
iuhabiCants  of  Mentx,  Strasbourg,  and  Haerlcm,  seem  to  have  (he  most  solid 
pnund  for  their  boastings;  hut  we  are  bound  to  stale,  that  the  citiieni  of 
Venice,  Rome,  Florence,  Basle,  Augaburg,  and  Dordrecht,  certify  to  the  cott- 
trnry  thereof.     Ilie  iliicusiion  of  this  interesting  question  not  according  with 


(he  nai 


J*  work,  we  recommend  those  of  our  readers  who  a 


■ohdloni 
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Ut  idbnuitioB  upon  fh»  anly  hiitoiy  of  the  art,  to  tiie  article  PRinTiMa,  in  the 
Q^mrd EMifdepmdkL  Wemay,  however,  oheerre^  that  it leems  to  be  admitted 
liy  all  Mrtiea  that  diia  inTentioii  took  |dace  about  the  year  1440,  and  wai  brought 
to£n|^andbylinDiamCazton,whoMtuphii  fint  prois  in  Westminster  Ablwy, 
and  bifan  to  print  books  tome  time  after  the  year  1471.  In  theearly  stages  of 
the  art^  the  impreHioiis  were  taken  off  wiUi  a  list  coiled  w^  such  as  the  ood- 
makan  ma  at  uk  day;  but  when  they  came  to  use  sin«[letypei»  they  employed 
atroMT  pi^er,  with  Tdliim  and  paidmient  At  last  ue  press  was  mtrodnoedy 
and  MWBpit  gradnally  to  itsprwent  state.  The  same  obsmation  applies  to  the 
ink;  at  mst  the  common  writing  ink  was  employed;  and  the  prmting  ink  of 
law-bbek  and  sias^  and  lamp-Uack  and  oQ  (that  now  used)  were  introduced 
Inr  Mgrasa.  We  shidl  now  proceed  to  explain  the  printer's  art,  as  it  is  prae- 
tM  at  the  present  day;  premising  that  it  is  cunded  into  two  bnmches, 
^*  ~  er  the  arrangement  of  the  types,  and  prtuworkf  or  the  taking  off 
from  typm  ao  ananged :  the  workmen  employed  are  therefore  dis- 


tJMBJAad  faito  two  elassesj — ^eompositors"  and  ^pressmen."  Each  compositor 
wanks  at  a  seat  of  desk,  called  a  frune,  and,  in  most  instances^  hehasaoeskor 
frama  to  himaeUl  Tbe  framea  fttojeet  laterally  from  the  walL  At  intervals 
fhtne  an  fauge  taUes,  with  atone  tops,  technically  called  imposing-stonca. 
Emk  ftaam  at  which  a  compositor  works  is  eoostmeted  to  hold  two  pair  of 
c«m;  aaeb  pair  of  cases  contains  all  the  letters  of  the  alphabet,  whether  small 
lettVB  or  eaDital%  as  wdl  as  points^  figures^  &C.  &6i  One  of  thme  pair  of  cases 
is  ULUuniiid  ogr  the  Roman  letters^  the  other  by  the  Italic.  Hie  upper  case  is 
difidaa  i^o  ninei^r-eipht  partitions^  all  of  equal  siie ;  and  these  partitions  con- 
tain two  aeta  of  camtal  letters,  one  denominated  *'ftiU  capitals,"  the  other 
"aaMfl;"  one  set  of  figures,  the  accented  Towels,  and  the  marks  of  reference 
for  notes.  The  lower  case  is  dinded  into  partitions  of  four  diffinrent  sises;  some 
at  tha  top  and  ends  being  a  little  smaller  than  the  divisions  of  the  upper  case; 
odian  aaarer  the  centre,  being  equal  to  two  of  the  small  divisions;  others  equal 
to  tor,  and  one  equal  to  six ;  in  all  there  are  fifty-three  divisions  in  the  lower 
caaou  Hie  incMjuality  in  the  size  of  the  cells  in  the  lower  case  is  to  provide 
for  tha  ffimt  diflerences  as  to  the  quantity  required  of  each  letter.  According 
to  die  Isnguaffe  in  which  it  is  used,  one  letter  is  much  more  wanted  than 
another,  and  3ie  proportions  required  of  each  have  been  pret^  accurately 
aettled  by  long  expenence.  As  some  of  our  readers  may  be  curious  to  know 
diese  proportions,  as  they  apply  to  the  Enelish  language,  we  subjoin  the 
tjrpe-founoers'  scale  for  the  snuul  characters  of  a  fount  of  letter,  of  a  particular 
and  weight 


a 
b 
c 
d 

e 
f 

f 

1 

i 

1 
m 


8,500 

1,600 

3,000 

4,400 

12,000 

2,500 

1,700 

6,400 

8,000 

400 

800 

4,000 

3,000 


n 

8,000 

o 

,     8,000 

P 

.     1,700 

q     " 

500 

r 

.     6,200 

s 

.     8,000 

t 

.     9,000 

u 

.    3,400 

v 

>     1,200 

w    . 

2,000 

z 

400 

y    . 

.    2,000 

z 

200 

Tlia  proportion  in  which  a  particular  letter  is  required  renders  it  necessary  that 
tihe  edb  of  the  lower  case  should  be  arranged,  not  as  the  letters  follow  each, 
nlphabeticany,  but  that  those  in  most  frequent  use  should  be  nearest  the  hand 
CI  te  oompodtor.  The  point  to  which  he  brings  the  letters,  after  picking  them 
■p  oat  of  tnor  cdls,  is  not  far  removed  from  the  centre  of  the  lower  case; 
op  that  in  a  lanse  of  about  six  inches  on  evenr  side  he  can  obtain  tha 
^  d,  e^  ^  %  m,  n^b,  o,  p^  u,  t,  a,  and  r,  the  letters  m  most  frequent  use.  The 
II. 


u  u 


spacc-i,  whirh  lie  urBiit4  for  the  division  o{  ever/  word,  lie  cli  sc  at  hi*  buif^ 
tlie  bollom  of  tlie  centrd  diviaion  of  the  lower  caic.     It  muit  be  qu'te  obvious, 
thai  the  man  who  contrived  tbi*  arrBngement  uved  a  vast  deal  of  liuie  lo  the 

The  cases,  particular];  the  upper  odc,  ore  placed  in  a  *!oping  positioD,  that 
the  compoiitor  may  the  more  reedily  reach  ihe  upper  botei.  The  inslniment 
in  which  llie  letters  are  set  u  colled  a  coiupDaing-atick,  which  conuali  of  ■  long 
nod  tiBriDW  plate  of  iroD,  brua,  or  other  compound  metal,  on  the  right  dde  ca 
which  arise!  a  ledge,  which  tuiib  ihe  whole  length  of  the  plate,  bdiI  aervei  to 
■ustoin  the  letters,  the  siJes  of  which  are  to  rest  against  it ;  along  thii  ledge  b 
a  row  of  holes,  which  serve  for  introducing  the  screw,  in  order  lo  lengthen  or 
shorten  the  extent  of  the  line,  bymoving  the  sliders  farther  frotn,  or  neaier  to, 
the  shorter  ledge  at  the  end.  Where  marginal  notes  are  required  in  a  work, 
the  two  sliding  pieces  arc  opened  to  a  proper  distance  from  each  other,  in  such 
a  inann<?r  ns  that,  while  the  distance  between  forms  the  length  of  the  line  in 
the  text,  the  disluuce  between  the  two  sliding-pieces  forms  the  length  of  the  lines 
for  the  notes  on  the  side  of  the  page. 

Before  the  compositor  proceeds  lo  compose,  he  puts  a  rule  or  thin  slip  of 
LrosG-plate,  cut  to  the  length  of  the  line,  and  of  the  same  height  «a  the 
letter,  in  the  contposing-iticK,  against  the  ledge,  fur  the  letter  to  bear  against 
Thusprepored,  the  compositor  having  the  copy  before  him,  and  his  stick  in  bis  left 
hand,  hialliomb  beingover  the  slider;  with  the  right  hand  ha  takes  up  thelelters 
one  by  one,  and  places  them  against  the  rule,  while  he  supports  tliem  with  his 
left  thumb  by  pressing  them  to  the  end  of  the  slider,  the  other  hand  being  con- 
stantly employed  in  setting  in  other  letter^  which  is  eifected  by  a  skilful  work- 
man at  an  average  tale  of  about  thirty  per  minute.  A  line  being  thus  compoMd, 
if  it  end  with  a  word  or  syllable,  and  exactly  fill  the  meagre,  there  neeils  no 
further  core ;  otherwise  more  spaces  are  to  be  put  in,  or  else  the  dlslancea 
lessened  between  the  several  words,  in  order  lo  make  the  measure  ^uite  full,  so 
that  every  line  may  end  even.  The  spaces  here  used  are  (uecesof  metoi  exactly 
eh^ieatike  the  shanks  of  the  letters  j  they  are  of  various  tliicknesses,  ondserrelo 

t reserve  a  proper  distance  between  the  words;  but  not  standing  so  high  as  the 
itlers,  tliiy  make  no  impression  when  the  work  is  printed.  The  Hist  line  being 
thus  Anisbed,  the  compositor  proceeds  to  the  next;  in  order  to  do  which  he 
removes  the  braai  rule  from  behind  the  former,  and  places  it  before  it,  and  thus 
composes  another  hne  against  it  after  the  same  manner  as  before :  going  on  thni 
till  his  stick  is  full,  when  he  empties  all  the  lines  contained  in  it  into  wbal  is 
called  a  galley,  which  consists  of  a  flat  piece  of  niuhogany,  or  other  fine  wood, 
with  a  ledge  of  a  proper  height  at  the  moixui  of  Its  two  sides.  I'he  compontor 
then  fills  and  empties  his  compoiing-siick  as  before,  till  a  complete  page  ia 
formed ;  when  he  ties  it  up  with  a  cord,  and,  setting  it  hy,  he  proceeds  lo  tbe 
neil,  till  the  number  of  pages  constituttng  a  sheet  is  completed;  which  done, 
he  carries  them  to  the  imposing-stone,  there  to  be  ranged  in  order,  and  fastened 
together  in  a  fi'ame  called  a  chose, — and  this  is  termed  imposing,  llie  chaaa 
is  a  rectangular  iron  frame,  of  different  dimensions,  according  to  the  sile 
of  the  paper  to  be  printed,  having  two  cross-pieces  of  the  same  metal, 
called  a  long  and  short  cross,  mortised  at  each  end,  so  as  to  be  loken  out 
occasionally.  By  the  different  situadons  of  these  crosses,  the  chase  is  fitted  fi>r 
diflerent  volumes;  for  quartos  and  octavos  one  traverses  the  middle  lenglhwiK 
the  other  broadwise,  so  as  to  intersect  each  other  in  the  centre  ;  for  twelves  and 
twenty-fours,  the  short  cross  is  shifted  nearer  to  one  end  of  the  chase;  Ibr 
folios,  the  long  cross  is  removed  cnlirely,  and  the  short  oue  remains  in  the 
middle;  and  for  bruoditides,  no  cross  is  required-  To  impose,  or  arrange  and  fix 
the  pages  in  the  chose,  the  compositor  makes  use  of  a  set  of  furniture,  consist- 
ing of  slips  of  wood  of  dilfereut  dimensions,  somewhat  lower  than  the  letters; 
some  of  ineae  are  placed  at  the  top  of  the  pages,  and  called  head-sticks ;  other* 
between  them,  to  form  the  bner  margin ;  and  others,  in  the  form  of  wedgesj  to 


placed  about  them,  they  a: 


alt  u 
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■■kD'iisdlMt  of  vocili,  caBed'cnioiiii,  between  the  daatiiig  dde  of  tfie  fool  and 
A*  Mt-tttola  and  the  chM^  bj  means  of  a  piece  of  hm  wood  and  a  mallet; 
andallbeiag  thna bomd  fiut  together,  so  that  none  of  the  lettera  will  iSifi  cint^ 
M  la  vaadr  to  be  ooounitted  to  the  preannen.  In  Alt  condition,  the  work  la 
•aDad  a  mm ;  and  aa  two  of  these  torms  are  iik  most  cases  remibed  for  eveiy 
ahee^  it  la  neoessaty  the  distances  betwem  the  pages  in  each  form  should  be 
■laoad  wA  aneh  exactneai^  tiiat  the  impreanon  of  the  pages  in  one  form  shall 
U  anedjr  am  the  bade  of  the  pages  of  the  other;  the  sShcthig  this  is  called 


Am  It  ia  nupoaaiUe  but  that,  there  most  be  some  mistake  in  the  work,  either 
thioqghtiieoTenigfat  of  the  compositor,  or  bythecasOal  transposition  (^lettera 
in  tiie  eaaea^  a  aheet  ia  printed  m^  which  b  called  a  proof,  and  given  to  die 
eonaotok',  wha  after  reading  it  oyer,  and  rectifying  it  oy  the  copy,  making  the 
tftswrttona  hi  tna  maivin,  retnms  it  to  the,  compositor  to  be  corrected.  The 
eonuwaitor  then  unloclring  the  form  upon  the  correcting  stone  by  loosening  die 
Mna  or  We^gaa^  rectiflea  the  mistakes  by  jiicking  out  the  wrong  letters  ^th  k 
smder  dia^-pointed  steel  bodkin,  and  putting  omen  into  their  places.  After 
thb^  another  proof  is  made,  and  corrected  as  before;  and  lastly,  there  is  another 
piDof  called  a  revise,  which  is  taken  from  the  form  when  finally  ptaoed  on  UiO 
pMss^  in  order  to  ascertain  whether  all  the  mistakes  marked  in  tne  last  proof 
nave  been  corrected. 

fht  prettmtm'i  business  is  to  work  off  the  forms  tfans  prepared  and  eorrected 
by  the  compositor;  in  doing  which,  there  are  four  things  required — paper,  ink 
or  colouring  matter,  balls  or  roller^  and  a  press. 

To  prepare  the  paper  for  use,  it  is  to  be  nrst  wetted  by  dipping  several  sheets 
together  in  water;  tnese  are  afterwards  laid  in  a  heap  over  each  other;  and  to 
make  them  take  the  water  equally,  they  are  pressed  close  down  with  a  weight 
atihe  topi 

The  ink  ia  made  of  oil  and  lamp-black ;  for  the  manner  of  preparing  which, 
aae  Ihk. 

Tho  balls,  by  which  the  ink  was  formerly  implied  on  the  forms,  were  a  Idnd 
of  wooden  ftmnels  with  handles,  the  cavities  of  which  were  filled  with  wool  or 
bur,  aa  was  also  a  piece  of  leather  or  pelt  nailed  over  the  cavity,  and  made 
extremely  soft  by  soaking  in  urine,  and  being  well  nibbed.  One  of  these  the 
pressman  took  in  each  hand,  and  applyine  one  of  them  to  the  ink-block,  daubed, 
and  worked  them  together,  to  distribute  the  ink  equally,  and  then  blacked  Uie 
form,  which  was  pl^ed  on  the  press,  by  beating  with  balls  upon  the  face  ot 
the  letter.  A  considerable  improvement  on  this  plan  has  been  effected  by  means 
of  roUers,  which  are  now  generally  in  use.  These  consist  of  a  cvlinder  made 
of  a  combination  of  treacle  and  glue,  which  runs  on  an  iron  rod,  amxed  to  whidi 
are  two  handles.  Instead  of  beating,  as  in  the  former  case,  the  cylinder  is 
rdled  over  the  face  of  the  form,  by  which  the  ink  is  applied  in  a  much  more 
even  manner,  and  with  a  considerable  decrease  of  labour. 

The  earliest  printing  presses  were  the  conmion  larfi;e  wooden  screw  presses^ 
employed  at  the  present  day  for  compressing  paper,  cloth,  &c.  Of  course  this 
mode  of  taking  impressions  must  have  been  very  slow  and  laborious ;  and  Uie 
pressure  being  applied  between  the  two  solid  inelastic  surfaces,  a  considerabfe 
degree  of  care  must  have  been  exercised  to  prevent  injury  to  the  letters  or  tjrpe 
of  the  form.  Such  presses  were,  however,  used  for  about  300  years,  without 
any  one  attempting  to  improve  them.  A  short  time  previous  to  the  year  1770 
It  appears  that  William  Jansen  Blaew,  a  mathematical  instrument  maker,  of 
Amsterdam,  recommended  the  introduction  of  a  spring,  both  over  the  head  and 
under  the  bed  of  the  press,  whibh,  upon  trial,  proved  very  satisfactory ;  he  took 
upon  himself  an  alteration  of  the  working  screw,  giving  it  more  threads,  which 
is^  in  effect,  a  quicker  motion ;  and  this,  combined  with  the  action  of  the  springs^ 
rendered  the  impression  "  sharper,"  without  **  hardness."  Blaew's  presses  were 
foond  to  be  so  great  an  improvement  upon  their  precursors,  that  Luckcombe,  in 
his  Hittory  afPrinUng,  published  in  1770,  says,  "There  are  two  sorts  of 
presses  in  use,  the  old  and  the  new  fashioned ;  the  old  sort,  till  of  late  years, 
were  the  only  presses  used  in  Euglf  tmL"    Now  the  '*  new-foshioned  "  press  of 
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t  baa  become  very  old-fashioned  to  modem  printen,  U  too 
respectable  a  machine,  in  our  eyec,  to  be  ohoUy  omitted  in  these  pagea;  and  Mil 
diners  not  in  any  considerable  degree  from  tlie  irooden-&anied  presses  ttlll  in  uw 
ty  many  of  our  printen,  we  shall  here  annex  a  description  which  will  sufBdentljr 
Bpplv  la  them  botii.  It  coBsiils  of  tnta  upright  beams,  called  cheeks,  aboat  six 
feet  losg,  tenoned  into  a  cap  above,  aod,  at  their  lover  ends,  into  a  stout  squara 
froroe,  on  which  it  stands.  The  head  of  the  press  is  sustained  by  two  iron 
bolts,  that  pass  through  the  cap.  A  screwed  nut  is  fixed  in  the  head,  Ihnugb 
which  the  screw  works  when  operated  upon  by  the  lecer;  the  lower  eUre- 
nity  of  this  screw  is  called  the  spindle,  which  it  a  cylindrical  piece  of  steel 
woriung  in  a  metallic  cup  of  oil,  fixed  to  an  iron  plate  let  into  the  top  of  a  broad, 
solid,  aod  thick  piece  of  mahogany,  whose  surface  is  brought  to  a  true  and 
smooth  plane,  and  is  called  the  platten.  This  platten,  by  pulling  the  lever,  is 
made  to  descend  and  pres)  upon  a  blanket,  which  corera  the  paper  laid  upon 
the  form  of  types,  and  thereby  produces  an  impression.  The  form  ii  laid  upon 
*  broad  flat  stone,  or  thick  marble  slab,  which  is  let  into  a  wooden  frame  called 
a  coffin  i  this  coffin  is  fixed  upon  a  carriage,  which  ia  mode  to  run  upon  a  hori- 
Eontsl  railway  under  tlie  platten  for  an  impression,  and  out  clear  of  the  same, 
to  take  off  (he  printed  aheet,  end  put  a  blank  one  in  its  place.  This  backward 
and  forward  motion  of  the  carriage  and  fonn  is  produced  by  a  strap  and  pulleys, 
turned  by  a  winch  handle.  The  paper  is  adjusted  and  held  down  by  a  foIduiK 
frame,  colled  the  tympan  andfrieket,  which  again  fold  down  over  tbeireah  inked 
type,  in  a  very  exact  maimer,  before  the  form  is  run  in  under  the  platten  U> 
receive  an  impression.  By  presses  of  this  kind,  about  250  impressions  are  run 
□9*  in  an  hour;  in  light  work  it  ii  extended  lo  300  in  an  hourj  and  when 
presses  of  ibis  kind  were  used  for  printing  newspapers,  the  printers  managed, 
by  extraordinary  efibrts  and  relays  of  men,  to  work  as  many  a*  50O  in 
the  hour. 

The  principal  defect  in  the  common  or  old  fashioned  press  just  described,  conusts 
in  the  efiecdve  power  of  the  lever  bein^  uniform  tliroughout  ill  ran^  of  motion, 
requiring  the  Dressmoo  to  exert  his  bodily  strength  to  the  utmost,  m  giving  it  a 
tug  at  ibe  end  of  the  pull ;  at  which  lime  only,  when  the  platten  is  down  upon 
the  form,  great  force  becomes  necessary  This  disadvantage  ii  completely 
obviated  in  the  improved  press  invented  b>  the  late  patriotic  Earl  Stanhope 
which  machine  we  purpose  describing  after  having  explained  the  principle 
upon  which  its  chitf  excellence  depends,  namely,  the  combination  of  leven,  bjr 
which  the  platten  is  forced  down 
upon  the  form  of  types.  In  the  an- 
nexed diaeram  a  b  represents  a  short 
lever,  which  ia  connected  to  the  top 
of  the  screw  which  carries  the  platten, 
theshorler  arm  of  the  saJdIever  being 
the  radius  of  the  screw;  its  longer 
arm  the  distance  between  the  centre 
of  the  screw  to  the  point  b.  This 
lever,  by  means  of  a  connecdng  rod 
e,  acts  upon  the  bent  lever  dug, 
whose  fulcrum  ia  at  e ;  and  as,  by 
this  combination  of  the  lever,  the 
platten  acts  but  through  a  small 
space  in  comparison  to  the  apace 
passed  tiitougb  by  the  power,  it  fol- 
lows that  the  effect  miul  be  very 
powerful.  But  it  ia  necessary  that  this  effect  should  bo  at  ■  maximum  vhen 
the  platten  impinges  upon  the  type,  and  this  object  is  accompUi^ed  by  Iha 
Angular  position  of  the  levers ;  fur  when  the  platten  ia  elevated,  the  lever  eg  it 
parallel  to  the  line  A  i,  and  its  ahorler  arm  e  if  is  nearly  perpendicular  to  the 
same  tine,  and  also  the  connecting  rod  c  ;  therefore  will  move  the  rod  e  with  ill 
greatest  velocity  din*ing  the  iirst  part  of  the  motion  of  the  lever  tg;  at  which 
tinu  the  lever  ab  forma  an  aculc  angle  with  the  Ibe  hi;  consequently  Mb 
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^m  tM  top*)  M  Mfw  «6  if  iIm  peipei 
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_ii  oTtlwamw;  botbrtbe  tiiMlba 
e  line  kt  (when  the  ^litleii  imiringM 
w  bp*)A»  Imr  «6  if  iIm  peipendieaUr  to  the  eoanMtiag  rod  «;  «<»•_ 
,  fy  n  ml  dm  aznt  Ilf  grutett  iuBuuiM  in  canting  lb«  lerdntiau  rf' 
Asfcnw.  nd  at  ddi  time  ebo  the  power  of  the  woAmeo  will  be  ^{ilied  at 
ligfct  «g^^  to  Ike  lenr  •  f,  thenfbie  will  produce  tlie  greatert  ifieet  precieel J  at. 
M  mnant  cf  impact. 

Ua  "  Stanhope  pnM "  b,  in  other  Mipocta,  a  eoniidenbly  fanpravedj 
■ndfaa,  nkaiAale  frame  ia  made  of  one  mawTa  iron  caatln^  aa  rean^ 
•Hiad  at  li  in  tlie  anljained  cut,  which  eihibiti  a  pnipectiTc  view  or  it- 
la  iba  t^pei  part  «f  the  machina  a  nnt  ii  fixed,  into  which  a  itout,  wA 


cot  acrew  I  works,  having  a  conical  end  that  operatei  upon  the  upper  end 
ef  a  alider  m,  which  ii  tilled  into  a  daretailed  groore  formM  between  two  rer- 
tieal  ban  n  n  of  tlie  frame.  The  ilider  hai  the  platten  o  finnly  attached  to  the 
lower  end  of  it ;  and  bfiog  BCcuratelj  fitted  in  the  guide  ban  n  a,  the  platten 
~  ~U  parallel  to  itielf,  when  the  *cre«  I  ii  turned.  The  weight  of  tlu) 
■lider  ia  counterbalanced  by  a  heavy  weight  p,  which  il  niipended 
a  lever,  that  acta  upon  the  Blidcr  to  lift  it  up,  and  keep  it  alwayi  bearin 
uamat  the  point  of  the  icrew.  At  ^  ii  a  forked  tupport  to  the  railway  and  car- 
nage. The  carriage  ii  moved  by  a  winch  or"  Tounce,  witha^ipit"  andleatber 
Btnoa,  which  pan  round  a  pulley  r,  one  etrap  extending  to  the  back  of  the 
carnage  to  draw  it  in,  and  two  olhen  pan  round  (he  wheel  in  an  oppodte  direc- 
tion, to  dtaw  it  oDt :  a  ia  the  table  on  which  the  type  ii  laid.  The  combi  na- 
tloii  ef  leven  in  this  machine,  it  will  be  observed,  I'l  preciiely  the  ume  aa  in 
the  preceding  diagram,  and  their  action  is  the  same ;  coniequenllj  fintlier 
deacription  <a  them  is  omitted. 

TIm  superiority  of  iron  prenei  over  the  wooden  ones  may,  in  a  great  mea- 
■ure,  be  atlribated  to  the  extreme  oeeurney  with  which  the  corresponding 
attrfiwes  of  the  platten  and  table  are  levelled.  This  is  effected  b}-  turning  them 
in  tbe  latbe,  with  a  slide-rest;  and  this  is  performed  with  such  precition  that  if 
Ouj  do  not  Ute  a  hair  or  a  thin  piece  of  paper  in  every  part,  they  are  not  con- 
ridered  to  be  finished.  The  advantage  of  trve  worknmnship  must  be  apparent 
in  printing  such  surfaces  as  those  of  our  la^e  newspapen,  and  clearly  bnngiog 
np  evciy  Mter  and  dot  out  of  perhaps  a  hundred  tSoiisand  or  more. 


Numerous  illerationi  have  oeea  succcnivelj  inade 


[he  Slanhope  pms  bj 
who  magnifytheiD  (a  the  public  aa  t^ing  vast  impravementti 
aa  increasing  the  productive  power  of  the  prea  in  a  duplicate  and  even  tnplioate 
ratio;  but  our  mecbatiical  read«n  will  at  once  perceive  the  impoHibili^  of  the 
cottectnewi  of  aucb  statementi :  that  if  there  be  a  loss  often  or  Sfleen  per  cenL 
of  the  power  spph'ed  to  the  Stoobope  presa,  orliing  from  friction,  &c.,  no  modi- 
fication whatever  of  the  six  mechanical  agents  con  save  the  whole  of  such  losa. 
The  press  may  be  rendered  more  convenient  and  handy,  and  the  minor  ■tmnfe- 
inents  and  appendages  may  be  also  improved ;  indeed,  we  doubt  not  that  such 
ameliDTStiani  have  been  and  will  continue  to  be  introduced  :  but  they  become 
perfectly  insignificant  and  tiiQitig  when  eompBred  with  the  beautiful  invontion 
of  the  patriotic  Stanhope.  Amongst  the  ablest  manufacturers  of  the  present 
day  of  iron  presses,  we  may  mention  Messrs.  Rutbven,  Medbutst,  Cope, 
Sherwin,  Clymcr ;  there  are  many  others,  we  doubt  not,  of  equal  ability,  who 
lime  not  succeeded  in  making  themselves  as  well  known.  All  the  presut  that 
we  have  from  time  to  time  seen,  and  especially  those  of  the  manufacturer*  we 
have  named,  possess  some  peculiar  points  ot  excellence  as  well  as  defects  in 
their  mechanism,  to  describe  and  discuia  which  would  lake  up  much  time  and 
space.  Injustice,  however,  to  the  two  fint-named  gentlemen,  whose  invention! 
possess  great  originality  and  simplicity,  we  must  a^rd  room  for  a  compendioui 
notice  of  the  peculiar  contrivances  which  distinguish  tbem  from  all  others. 

In  1813  Mr.  Rutbven,  ofGdbburgb,  took  out  his  patent,  which  term  having 
expired,  the  iniendon  is  public  properly.  Itistead  of  placing  the  types,  as  was 
the  cose  in  all  previcus  inventions,  npun  a  movable  carriage,  they  are  fixed  upon 
a  slationary  table,  and  the  ptatten  and  tympoiis  are  drawn  over  it,  and  the 
impression  is  effected  by  a  svstem  of  leven,  the  action  of  which  the  annexed 
diaemm  will  serve  to  explain. 
oci  is  an  angular  lever,  whose 
longer  aim  a  c  is  in  tlie  form  of 
a  winch,  to  which  the  workman 
applies  his  power  ;  while  the 
ihorter  arm  c  b  acts  upon  the 
extremity  of  the  connecting  rod 
d^  by  wluch  iU  efficacy  is  trans- 
mitted to  the  point  e  of  the  lever 
r/,  whose  fulcrum  is  at  g;  this 
lever  is  connected  by  the  rod  A 
to  the  extremities  of  the  levers 
Aim,  whose  fidcrs  are m  m.  Tlie 
rods  on  are  coimected  witli  the 
levers  It  I  m  st  ti,  while  their 
upper  ends  act  upon  the  support 

of  the  platten  by  means  of  a  niecies  of  hooks.  Now  if  the  lever  or  winch  ae 
he  turned  in  the  direction  of  the  dotted  line  n  o,  the  shorter  arm  v  li  will  push 
the  rod  d  in  the  direction  be ;  consequently  the  point  «  of  the  lever  t  fg  wiU 
move  in  the  direction  of  the  dotted  line  tp;  and  as  the  point/ will  describe  a 
similar  arch,  the  rod  h  will  depress  llic  ends  k  of  die  levers  klm;  therefore 
the  rods  nn  will  be  drawn  down,  bringing  with  tbem  tbe  platten.  The  same 
regulatioa  with  regard  to  the  angular  positions  or  the  levers  is  observed  in  this 
beautifiil  arroDgemeDt  as  in  the  Stanhope,  so  Uiat  tlicir  greatest  efficacy  is  exerted 
at  the  moment  of  impact. 

Mr.  Medhurst's  nress,  except  in  the  mechanism  by  which  the  power  la  com- 
municated to  the  platten,  resembles  those  in  general  use ;  but  in  that  respect  it 
forms  a  very  remarkable  exception ;  no  screw  is  used :  but  the  spindle  to  which 
tbe  platten  is  made  fast  is  swelled  out  at  its  upper  end  into  a  broad  slmit 
collar,  as  shown  at  n  in  the  following  cut,  into  which  the  lever  or  handle  b  o. 
the  piess  is  inserted.  At  equal  distances  apart  on  the  up|icr  side  of  this  circular 
collar  are  turned  out  of  the  solid  two  steps  or  cups,  which  receive  the  ends  a- 
two  inclined  bolts  c  c,  which  bolts  are  supported  at  theii  upper  ends  by  the 
points  of  two  screw-bolt)  d  d,  that  pass  tltrough  liic  head  r,  and  enter  sockeli 


waai»iath»hm^at  f.    Whan  tb*  platten  ii  up,  tha  rod*  ei  lean  in  lb* 
tadtnad  podtion,  m  ihown;  but  vhtn  (ha  apindle  U  toniad  ■  qnartar  of  a  mo- 


btian.  On  bolt*  e  c  take  a  nrtical  podtioii,  and  aa  Ihe  bead  •  ia  unmvrable,  tha 
collar  «  on  tfaa  apindle  ia  fbread  down,  and  witb  it  tha  platten  to  which  it  ia 


or  grot  U 

tkabriytl 


Pikr  t«  tba  mtrodndlon  of  printiDg  madiinei,  the  ptan  department  wm  one 
It  UmWi  wbenarer  extraardinaij  expedition  vaa  required.  It  vsa  pai- 
'  B  CM*  with  newipmen^  of  wltien,  with  the  utmoat  exertioni,  Karealy 
ban  750  cciinn  eonid  be  obtained  b  an  hour:  the  consequence  waa, 
nfMpcr  officea  where  the  ctnndation  waa  ezteoMTev  it  waa  found 
n  oraei  to  fel  the  paper  poUiahed  in  time,  to  compcae  two  or  mora 
cooaM;  BO  tba^  br  going  to  preaa  at  tha  aame  time,  the  demand*  of  tbe  puUic 
aawbt  De  com^ied  with,  tbtia  occaaionmg  an  enormon*  incieaae  of  expeDditnre 
boOi  in  tbe  compoaiton'  and  praaa  demrtment.  In  a  newspaper  circulAting 
r  or  8000  coj^  ihii  espenie  amounted  annuaUy  to  at  ieait  200011,  all  of  which 
baa  bean  aaved  ij  the  introduction  of  macbinea. 

In  the  3d  toL  of  tbe  QturrUrly  Journal  i^  Seience  (new  aeriei)  ii  inserted  a 
eunuimnieation  "  on  the  recent  improvement!  in  ue  art  of  printing,"  bj 
Mr.Cowper,  a  gentleman  of  ezteniive  infannation  upon  every  thing  relating  to 
tbe  (ubject,  who  hai  invented  many  important  improvemehte  in  the  mechsnitm 
and  proceia  of  the  ait,  both  indiTiduallj,  and  in  conjuncUon  with  hi*  partner, 
Mr.  Applegalb,  and  who  ia  therefore  eminently  qualified  to  give  a  correct 
atatement  of  the  facta,  which  we  ahall  nibjoin,  ■iightl]'  abbrevuled  from  the 
orlgiuaL  The  little  diagnuni  tbat  are  inserted  in  the  bod;  of  the  text  aerve 
to  explain,  in  a  vety  clear  and  concise  manner,  the  leading  principle  or  arrange- 
raent*  of  tbe  successive  inrentiona  described,  respecting  wliich  it  is  also  necas- 
aafy  to  obaerve,  that — 

The  black  parts  in  ever;  figure  repeaent  the  inking  apjiaratus. 
Tbe  diagonal  lines  „  „  tiie  paper  cylinders. 


It  waa  in  tbe  year  1790  that  Mr.  William  Nicholson  took  o 


a  patent  for 
fmam  improvements  in  printing;  and,  on  reading  his  apecificBtiDn,  every  one 
mart  be  stmek  with  the  extent  of  bis  ideas  on  the  subject :  to  him  belongi, 
baroad  doubt,  tbe  honour  of  Ihe  first  mggatirm  of  printing  b;  meant  of 
cynudan ;  the  following  are  his  own  words,  ^vested  of  legal  redundancies : — 
"  In  tha  first  ^ace,  1  not  only  avail  myself  of  the  usual  methods  of  making 
^pe,  but  I  do  Ekewise  make  and  arrange  them  in  a  new  way,  via.  by  ren- 
Mmg  dM  tul  of  the  letter  gtadnally  amallar;  auch  letter  (be  laya)  may  be 
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impOMd  on  a  cylindrical  mriaee ;   lli«  dUpotition  of  type*,  ^tM,  a 
upon  ■  cylinder,  are  porta  of  my  inrention. 

"  In  the  •*cond  place,  I  apply  the  ink  upon  tlie  surface  of  the  tjpea, 
plate*.  Sie.  by  csiuing  the  lurface  of  a  cylinder,  smeared  vith  colouring  milter, 
to  roll  over,  or  sucecuively  apply  itself  to  the  surface  of  the  tjoes,  &c,  or  else 
I  catue  the  types  to  apply  themtelves  to  the  cylinder.  It  ii  aWlutely  oece*- 
sary  that  the  colouring  matter  be  evenly  distributed  over  this  cylbder,  anil  for 
this  puTHMe  I  uply  two,  three,  or  more  Bmaller  cylinden,  called  distributing 
rollers,  longitadin^y  againBt  the  colouring  cylinders,  so  tlial  Ibey  may  M 
turned  by  Uie  motion  of  the  latter ;  if  this  coliuring  matter  be  very  thui,  I 
apply  an  even  blunt  edge  of  metal  or  wood  againit  the  cylinder. 

"In  the  third  place,  I  perform  all  my  ioipresaiana  by  the  action  of  a  cylinder, 
or  cylindrical  surface ;  that  ii,  I  cause  the  paper  to  pass  between  two  cylinden, 
one  of  Rrhich  has  tbie  form  of  types  attached  to  it,  and  fomung  part  of  its 
surface,  and  the  other  is  faced  with  cloth,  and  serves  to  press  the  paper  so  as 
to  take  off  an  impression  of  the  colour  previously  applied  i  or  otherwise,  I  catue 
the  form  of  types,  previously  coloured,  to  pass  in  close  and  siieceMiTe  coDtact 
witk  the  paper  wrapped  toimd  a  cylinder  with  woollen  cloth."  Hi 
described  a  method  of  raising  the  paper  cylinder,  to  prevent  the  type 
soiling  tbe  doth.  • 


3 


mi4iil»s'i  omra^NWiil  /b*  ardtci  l*^. 
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These  words  ipedfy  the  principal  part*  of  modem  printing  machines 
had  Mr.  Nicholson  paid  the  same  atlention  to  any  one  part  of  his  inv 
which  he  fiuitletily  devoted  to  attempting  to  fix  types  on  a  cylinder,  or  bad  he 
known  how  to  carve  stereotype  plates,  he  would,  in  all  probability,  have  been 
the  fint  nudur  of  aprinting  machine,  instead  of  merely  suggesting  the  prindple* 
on  wbicb  they  might  be  constructed. 

The  first  working  printing  machine  was  Uie  invention  of  Mr.T.  Koenig,  a 
native  of  Saxony;   be  submitted  hia  plans  to  Mr. 'I'.  Itensley,  the  celebrated 

K'nter,  and  to  Mr.  R.  Taylor,  the  sclenlilic  editor  of  the  Phiiaiopkical  lHagaxme. 
ese  gentlemen  liberally  eneoumged  his  exertions,  and  in  ISII  he  look  out  a 
patent  for  improvements  in  the  common  press,  which,  however,  produced  no 
favourable  result.  He  then  turned  his  attention  In  the  use  of  a  cylinder,  in 
order  to  obtain  the  impression,  and  two  machines  were  erected  for  printing  the 
Times  newspaper,  the  renderof  which  was  told,  on  the  28tb  of  Nnvember,  1814, 
that  be  held  in  his  bond  a  newipaper  printed  by  machiner;,  and  by  the  power 
of  steam. 

In  these  machine*  the  type  was  made  to  pass 
under  ibe  cylinder,  on  which  was  wrapped  the 
abeet  of  paper,  the  paper  being  firmly  held  to 
the  cylinder  by  means  of  tapes ;  the  ink  was 
placed  in  a  cyhndrical  boi,  from  which  it  was 
forced  by  a  powerful  screw,  depressing  a  tightly- 
filled  piston ;  ihencc  it  fell  between  two  iron 
roUcn:  below  these  were  placed  a  number  of 
other  rollen,  two  of  which  had,  in  addition  to  x,„, 
Ibeir  rotatory  motion,  an  end  morion,  that  is,  a 
motion  in  the  direction  of  their  lengtbi  the  whole  tyiitn 
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in  two,  which 

of  impreaiioni 

the  paper  it  nrapped)  wot  placed 

puung  luideT  baui.     The  machin 

woueiit  improvcmenta  raiaed  ther 

The  next  atep  vai  the  inv' 
printing  both  eidsB  of  the  ibi 


led  tha  ink  to  tha  typca.     In  order  to  obtain  a  great  number 
n  the  uaie  furin,  a  paprr  cylinder  (i.  e.  a  cylinder  in  which 
I  each  side  of  the  inking  apparatui,  the  form 
produced  1 1 00  impressions  per  hour  ;    tub- 
to  160O  per  hour. 

machine  (bIbo  by  Mr.  Koenig)  for 
ambled  two  single  machines,  placad 
Kith  their  cylinders  towardi  each  other,  at  a  distance  of  two  or  three  feet,  llie 
aheel  wai  conveyed  from  one  paper  cylinder  to  the  other  by  meaniof  tapei;  the 
track  of  the  iheet  exactly  resembled  the  letter  5,  if  laid  horizontally,  tliui,  tn . 
In  the  coune  of  this  track  the  sheet  wai  turned  over.     At  the  first  papn 


Hut  macfaine  WM  craetad  fbr 
Koen%  nude  for  printhig  on  botk 

•  tito  Mntnting  •  printing 


^tioder  it  received  tha  inqmMioii  from  tlw  fint  fbnn,  and  at  the 
cylinder   it   received   tha  imprMMon  from  die   (ccond  form: 

printed  750  sheets,  on  both  MdM,  par  hor-      '™" *■—-  ■ 

Mr.  T.  Bensley,  and  wu  llie  only  oat  Hr. 
■ides  the  sheet :  this  wu  in  1815. 

About  thi«  time  Mema-Donkin  and  Bacon  war 
machine ;  haping  in  tS13  obtained  a  patant  tat  ■ 
madune  in  which  the  mes  were  placed  npon  a 
revolving  prism ;  lh«  ink  waa  ap[died  h^  a  roller, 
which  TDie  and  fell  witli  the  irregularities  of  the 
prism;  and  the  sheet  wai  wrai^ed  on  another 
prism,  io  formed  u  to  meet  the  itregularitiea  of 
the  tnt  prism.  One  of  these  machinea  was 
erected  for  the  university  of  Cambridge,  and  waa 
a  beautiliil  specimen  of  ingenuity  and  workman- 
ahip ;  it  wui,  however,  too  complicated,  and  the 
inking  was  defecliTe,  which  prevented  iti  encceai. 
Nerertheless,  a  great  point  waa  attained  j  for  in  iiinUa  utiBaiaWi  Maehii 
tbia  machine  were  first  introduced  inking-rollen,  firTtf. 

covered  with  a  compoaitian  of  treacle  and  glne; 
in  Koenig'i  machine  the  rollen  were  covered  with  leather,  which 
the  pnrpoae  well 


printing  1000  sheets  per  hour  on  both  sides,  are  at  work  at  the  present  day; 
and  twelve  machines  on  this  prineiplB  were  made  for  the  Bank  of  England  a 
abort  time  previous  to  the  issue  of  gold. 


'•f 


1" 
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nirions  to  observe  that  the  same  obj< 

of  Nicbolaon,  Dnkin  and  Bacon,  and  Mr.  Cowpcr, 


to  have  occu|ded  (ba 
er,  viz.  the  rerolntioa 
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«f  the  form  of  typee.  Nidiolion  lought  to  do  [lija  bj  ■  new  kinil  of  typft 
•liaped  like  the  itone*  of  bd  arch.  Donkiii  slid  Bacon  tought  to  do  thia  dj 
fixing  tfpe*  on  a  revolving  prinn ;  and  at  lasl  it  was  completely  effected  b;  th« 
Quriins  of  a  stereotype  plate  by  Mr.  Covpcr. 

In  these  machines  two  paper  cytluden  are  placed  ude  by  ude,  and  aguiiit 
each  of  them  a  placed  a  cylinder  for  holding  tlie  platei ;  each  of  these  four 
oylindeis  ii  about  tno  feet  diameter ;  on  the  surface  of  the  plate  cylindn  tun 
placed  four  or  five  iuking-iollen,  about  three  incheg  diameter;  they  are  kept  in 
their  poution  by  a  frame  at  each  end  of  the  piste  cylinder,  the  ipindlei  of  the 
roller*  lying  in  the  natchei  on  the  frame,  thiu  mowing  perfect  freedom  of 
motion,  and  requnring  ao  adjustment.  The  frame  which  lupporla  the  inking 
ToUera,  called  the  waving- Iraine,  is  attacbi^d  by  hinges  to  the  general  frame  of 
the  machine;  and  the  edge  of  the  plate  cylinder  is  indented,  and  rubs  againit 
the  waving-frame,  causing  it  Id  waie  or  rihrate  to  and  fro,  and,  consequently, 
to  car^  the  ioUng-rollen  with  it,  thus  giving  them  a  motion  in  the  direction  of 
their  length,  called  the  end  motion.  These  rollers  distribute  the  ink  u^ 
three-fourths  of  the  surface  of  the  plate  cylinder,  the  other  quarter  being 
occnpied  by  the  curved  sterMtype  plates.  The  ink  i»  bdd  in  a  trough;  it 
■tanils  parallel  to  the  plate  cylmder,  and  is  formed  by  a  melal  roller  revolvinz 
against  the  edge  of  a  plate  of  iron  ;  in  its  revolution  it  becomes  covered  wiUi 
a  thin  lilm  of  ink ;  this  is  convejed  to  the  plate  cylinder  by  an  inking-ratler 
vibrating  between  both.  On  the  plate  cylinder  the  ink  bccomca  dislribaled, 
u  before  described,  and  as  the  plates  pais  nnder  the  inking-roUen  they  become 
chained  with  colour :  as  the  cylinder  continues  to  revolve,  the  plates  come  in 
contact  with  a  slieet  of  paper  in  the  first  paper  cylinder,  whence  il  is  carried,  by 
meaos  of  tapes,  to  the  second  paper  cylinder,  where  it  receives  an  imprenioa 
on  its  opposite  side  from  the  plalcs  on  the  secoiid  plate  cylinder,  and  thus  the 
sheet  is  perfected.  These  macbiniH  are  only  applicable  to  stereotype  plates,  but 
they  (brmed  the  foundation  of  the  iiiture  success  of  Applegath  and  Cowper'i 
printing  machinery,  by  showing  the  best  method  of  iUmishing,  distributing,  mA 


applying 


the  ink. 


Tder  to  aj^y  this  method  to  amacbine  capable  of  printing  (rem  ^pe,  it  waa 
only  necesuiy  to  do  the  same  thing  in  on  extended  Rat  surface  or  table,  which 
bad  been  dona  on  an  extended  cylindrical  surface ;  accordingly  Mr.  Cowper 
contlTucted  a  machine  for  printing  both  ddea  of  the  sheet  horn  type,  securing 
by  patent  the  inking  apparatus,  and  the  mode  of  conveying  the  sheet  from  one 
ftptr  cylinder  to  tha  other  by  nteans  of  drama  and  tapes. 


^ 
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Mr.  A.  Applegath,  who  was  a  joint  proprietor  with  Mr.  Cowper  in  theta 
patenlf,  obtained  patents  for  sevcr^  improvementa.  Mr.  Covpar  had  given  the 
und  motion  lo  the  distributJnE  rollers  by  moving  the  frame  to  and  fro  in  which 
they  were  placed.  Mr.  Applegatli  suggested  the  placing  of  these  rollers  in  a 
diagonal  position  across  the  table,  thereby  producing  their  end  motion  in  a 
■jmpler  manner,— a  plan  of  which  we  subjoin.     A  is  the  inking  table  or  fiat 


Burfoce,  on  which  the  ink  ii  ipread  and  diitiibolcd ;  B  is  tlie  fetm  of  type* ; 
C  C  C  are  tbe  ToUen  for  communicating  the  Ink  to  the  types ;  D  D  D  are  the 
distributing  rollers  placed  diagonallj'  ocrosB  llie  table,  their  pivoli  reiling  in 
■lota  in  the  cairiogei.  Tbe  table  is  made  to  slide  backward  and  forward,  csuaine' 
by  that  motioQ  the  Toilers  to  revolve,  which  are  nicely  adjuBted  in  contact  with 
the  table,  so  as  (o  prew  evenly  oa  the  luriace  of  it,  dioie  in  the  oblique  position 


Btomag  the  ink  upon  tlie  surftee  to  be  tpre«d  out  rety  evenly,  so  that  the 
roUen  CCC,  which  follow  in  action,  become  charged  very  unifunuly,  and 
deUver  it  to  the  type  in  like  manner.  Tlic  diagonal  rollers  must  have  on 
admirable  tendency  to  spread  out  the  ink  in  a  smooth  itraUim,  by  the  sliding  of 
the  table  in  a  difl'^rent  direcdon  to  the  lines  of  revolution  ;  but  there  must  be 
oooaidetaUe  friction  at  their  axes  by  the  constant  tendency  of  the  table  to 
thnist  the  roHr™  sideways  or  endways,  which  must  be  provided  against,  or  they 
win  soon  wear  untrue.  He  also  contrived  a  method  of  opplj-iiig  two  ftftders  to  the 
nine  pttatiiu;  cylinder ;  these  latter  inventions  are  more  ad^ted  to  newspaper 
dian  to  book-anting.  Numerous  machines  hava  been  ocMutnicted  upon  tfaa 
jdnt  inventians  of  Messrs.  Applegatfa  and  Cowper,  which  ftre  modified  in  a  great 
number  of  way*  for  the  various  purposes  of  printing  books,  bank-notes,  new*- 
ptqwri,  tu. ;  tnn  have,  in  fact,  superseded  Mr.  Koenig's  machines  in  the  office 
of  Hr.  BeDsl^  (who  was  theprincipal  proprietor  of  Koenig's  patent),  and  also 
in  the  office  of  the  Ttmei,  as  was  announced  in  that  jonmaC  No  lias  than  £m^ 
wheels  were  removed  fVom  Koenig'i  machines  when  Mr.  Bensley  adopted  the 
nnpTovements  of  Messrs.  Cowper  and  Applc^atb.  Having,  on  tM  fint  trial  of 
their  machinea,  discovered  the  auperioril^  of  the  inking-roUei  Hid  table  over  Ibe 
eonnnon  balls,  they  immediately  apphed 
them  to  tbe  common  press,  and  with  com- 
olete  success ;  the  invention,  however,  was 
mmediately  infringed  throughout  the  king- 
dom, and  copied  in  Fiance,  Germany,  and 
America ;  and  it  would  have  been  aa 
fimitleas  to  have  attempted  to  stop  the 
in&ingnnent  of  the  patent  as  it  was  found 
'  !   of   the  kaleidoscope.      This 


iBvention  has  raised  the  quality  of  printing 

Kenerally.     In  almost  any  old  book  will  be  pcrcetred  smips  of  words  very 

daik,  and  other  groups  very  light ;  these  ai«  lecbnica%  called  "  monks  and 


,  which  have  b«n  reformed  sjtogether.  The  principal  olgect  in  a  ni 
psfier  machine  is  to  obtain  a  great  Dtunber  of  impressions  huta  the  saaie  (bna, 
cc  one  aide  of  the  sheet,  and  not  from  beo  fomn,  at  boUi  sides  of  tbe  sheet,  aa 
in  books. 

In  the   Time*  machine,  which  was  eunttructed  on  the  joist  inrMition  ef 
McoiB.  Applrgath  and  Cowper,  tlie  form  pasaes  under  four  printisg  cylindMs, 


: 
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which  Mt  f.d  with  shem  of  paper  by  fmir  ]aAr,  and,  after  tlie  sheets  ■!« 
prinlPd,  they  paaa  inUi  (he  hands  of  four  olhft  lad«;  by  Uii«  contritacM  <(KK1 
sheeU  per  hour  are  prinled  on  one  mde. 

The  annexed  engraving  afford*  a  general  or  penpcclire  view  of  one  of 
Messrs.  Cowper  and    Applepslh's   double  madiincs,    comUncled  on  the  prin- 
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platfonit,  with  a  pile  of  paper  A  on  a  table  od  his  lel^  hand,  fnxu  which  lie 
baa  takeD  a  sheet  of  |«per  B,  and  is  applying  it  to  the  machine.     It  firal 
goes  under  the  cvlinclet  P.   and   is  there  printed   on   one  side,    it  Lt  lien 

round  this,   and  underneath ;  the  sheet  of  paper  is  thereby  turned  with  its 
opposite  ride  against  the  type,  and  receives  the  second  or  finiihing  impres- 

a  boy  at  Z  ii  shown   sitting  on  a  atool,  and  receiving  the  sheets  as  they 
ore  presented,  and  laying  them  square  on  the  pile  before  him.     The  separate 
forms  of  types  designed   to  print  both  sidea  of  the  iheet,  are  placed  at  the 
req^uiaite   distance   asunder,   upon    one    long  bed    mounted    on   a   carrio^ 
whirb  is  moved  backwards  and  forwnrds  upon  a  railway,  constructed  to  guide 
the  carriage,  with  great  accuracy,  into  contact  with  the  cylinders  F  and  G,  to 
produce  the  impresuon.     The  reciprocatine  motion  of  the  carringe  ii  effected 
by  a  pinion  fixed  upon  the  end  of  a  vertical  spindle,  taking  into  the  teeth  of  an 
endless  rack,  which  is  connected  by  a  systenu  of  levers  with  the  tjpe  carnafe, 
in  such  a  manner,  that  when  the  pinion  is  turned  round,  it  engages,  at  alternate 
periods,  Jn  the  teeth  formed  on  the  opposite  udes  of  the  rack,  and  consequeatly 
on  the  opposite  circumference  of  the  pinion:  thereby  a  continuous  motion  of 

Tertical  spindle  is  turned  by  a  couple  of  bevelled  wheels,  fiom  the  pinion  P, 
which  receives  its  motion  by  an  intermediate  wheel  Q  from  tha  toothed  wheel 
upon  the  end  of  the  main  cylinder  G.     Au  inking  apparatus  is  situated  at  each 
•fid  of  the  machine.     At  N  one  of  tlicse  is  brought  into  view ;  it  consists  of  » 
eylindrical  metal  roller,  which  has  a  slow  rotatory  motion,  communicated  to  it  by 
•  catgut  band  passing  round  a  small  pidley  upon  the  end  of  the  axis  uf  the  main 
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cjrKiiderO.  TheroOerat  N  Is  adapted  to  carry  down  a  thin  film  of  ink  iiponili 
eimimfercnoe,  hy  taming  in  contact  with  a  man  of  ink  ditpoaed  upon  a  hoil- 
aoBtal  plato  of  matal,  the  edge  of  which  phite  is  groond  straightt  and  the  dis- 
'taaee  between  tiie  two  suftees  is  adjusted  by  screws.  Upon  an  axis  taming 
at  P,  is  moanted  a  compodtkm  roDer,  connected  by  cranked  leren  with  a  smifl 
eeeentrie  drde  fixed  upon  the  end  of  Uie  aaus  of  the  cylinder  g^  causing  it  to 
move  mond  the  axis  P,  and  remain  for  a  short  period  in  contact  with  the  fiwa 
of  Ae  hik-vofler  N»  tiiereby  raceinnff  a  portion  of  mk  upon  its  sorlaoe :  it 
then  deaeendf  and  rests  with  its  whole  weight  upon  the  sarlaoe  of  the  tables 
wifahisafibnd  to  the  end  of  the  tjrpe  canria^  the  redpiocating  motion  of 
wliidi  CHttea  the  ink-table  to  receiTO  ink  upon  its  sarlaoe  frrnn  thedasdc  rofler 
beiiw  mentioBed.  lBdussttnation,when  the  type-carriage  returns,  the  smfiMe 
of  dia  table  is  made  to  pass  nnder  tinee  elastie  rttlers ;  these  roDers  are  nKxoited 
OMB  pirola  in  a  tnme,  in  each  manner  that  they  have  liberty  to  more  some- 
wW  ID  and  down,  in  oidsr  diat  the  roDen  themselTesmmrbear  aereraDy  upoo 
tfw  anmee  of  Ae  table;  and  to  equalise  the  ink  perfectqr  OTcr  the  table,  an 
end  niotioo  is  given  to  die  rollers  by  means  of  inclined  planes^  against  which 
dMT  come  into  contact;  and  by  die  fturther  motion  of  the  tjrpe-carrim^  die  ink- 
table  is  caused  to  pass  under  four  odier  small  elastic  roQers,  which  in  fike  manner 
bear  widi  dieir  weight  upon  the  surface  of  the  table,  and  thereby,  take  up  die 
ink  upon  their  dreumfsrences,  which  they  impart  to  the  type!  as  the  Ibrm 
travals  backwards  and  forwards  under  than,  dms  toaohing  every  type  e|riit 
dmea.  Whilst  dus  operation  of  inking  the  types  is  going  on  at  one  end  erf"  the 
machine,  the  printing  process  is  performed  at  toe  other  end  on  one  of  die  sides 
of  the  sheet  mm  the  types  last  mked,  and  vice  vend. 

The  improvements  in  printing  machinery,  patented  by  Mr.  Wayte,  a  printer, 
of  Moont  Pleasant,  London,  in  1829,  deserve  notice  on  aooount  of  their  origi- 
nality and  nmplidty.  In  Ids  roedfication  is  described  a  printing  machine,  or 
psess,  having  two  tables  with  a  form  on  each,  the  one  to  press  m  first  side  of 
tlia  dieet,  and  the  other  to  perfect  it,  or  print  the  second  side.  These  two 
tables  are  placed  on  a  vibrating  fifame,  which  is  actuated  bv  a  crank,  and  bringa 
them  alteraatdy  under  a  pendent-platten,  which  is  brougnt  down  upon  them 
through  die  instrumentality  of  a  crank,  to  give  the  impresuon.  The  fifame 
which  supports  the  form-tables  condsts  of  a  parallelogram  jointed  at  the  angles, 
and  therefore  the  horizontal  position  of  the  forms  is  preserved,  both  when  they 
are  elevated  to  the  platten  to  recdve  the  impresdon,  and  depressed  to  the 
rollers  to  receive  a  supply  of  ink.  There  is  an  inking  ^[maratus  for  each 
form,  placed  at  oppodte  ends  of  the  machine:  it  consists  of  a  long  trough,  and 
a  ductor  and  supply-roUer,  of  the  usual  description ;  with  distributing-roUers, 
which  traverse  the  nmns,  and  are  kept  in  their  places  by  guides,  with  long  ver- 
tical dits  to  receive  their  axes.  When  dther  of  the  forms  is  depressed,  its 
distributing-rollers  are  carried  to  the  ink-trough  to  recdve  ink  from  the 
supply-roller,  which  they  transfer  to  the  form  by  passing  over  its  surface  as  it  is 
elevated. 

The  paper  to  be  printed  is  supplied  to  the  machine  firom  a  feeding-board, 
through  the  medium  of  an  endless  web,  pasdng  over  rollers,  connected  by  bands 
or  chains  to  the  main  shaft,  which  communicates,  simultaneoudy,  to  dl  parts  of 
the  machine.  The  sheets  of  paper  being  placed  on  the  feedine4)oarct  a  boy 
pushes  them  forward  singly,  wnen  they  are  succesdvely  caught  by  the  rollers 
and  endless  web,  by  being  pressed  down  upon  them  through  the  medium  of  a 
projecdng  lever,  operated  upon  at  stated  times  by  the  motion  of  the  machinery^ 
When  the  sheet  of  paper  is  brought  between  the  form  and  the  platten,  its 
motion,  as  well  as  the  motion  of  the  form,  is  stopped  while  the  impression  is 
communicated  to  it  This  stoppage  of  motion  is  effected  without  interfering 
with  the  motion  of  the  main  shaft,  and  other  parts  of  the  machinery,  bv 
removing  the  teeth  from  a  portion  of  the  circumference  of  the  spur-wheel,  which 
communicates  motion  to  the  web-rollers.  After  the  first  impresdon  has  been 
given  to  the  sheet,  it  is  carried  about  another  roller,  which  turns  its  reverse  dde 
towards  the  platten,  while  the  second  or  perfecting  form  is  brought,  by  a  vibra- 
tion of  the  frame-work,  under  the  paper  to  print  Uie  second  sidi^  or  to  give  it 
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file  perfecting  iinpresdoD,  which  ii  eflectpd  while  l1>i?  nuiiinn  of  the  web-roller 
if  stopped  as  tiefoTC. 

The  pUtten  is  nupended  oret  the  cmlre  of  the  prw,  and  guided  pcrpcn. 
dicnlarl^  down  by  atrong  (Vame-work,  and  the  pranre  i*  produced  by  a  rntioBl 
rod,  connected  with  the  platten  at  iti  app«T  end,  and  with  n  revolving  cisi^k  at 
its  lower  end ;  a  l«Tei  with  a  counterpoise  ii  alau  connected  with  the  lower  end 
of  the  vertical  rod,  which  compeniatea  tbr  the  weight  of  ibe  rod  and  pUtten, 
while  the  two  foROHablee  balance  each  other  on  the  ribrating  frame ;  md  ihui 
jarring  irregularitiei  in  the  motion  of  the  machinery  ia  prevented. 

The  lecand  improvement  consiili  of  s  printing  press,  or  machine,  with  but 
om  form-table,  which  ii  placed  upon  a  firDme,  and  made  to  vibrate  between  two 
jriatteni,  placed  in  oblique  poiitioni,  where  imprcHiona  lav  given  by  each  wHIi 
•nch  rapidity,  that  two  or  more  feeding-boardi,  with  the  rtquiiile  web-roQers, 
are  required  to  lupply  it  with  paper.  This  it  a  uoffle  printing  maehine.  and 
there  the  iheet  hae  to  paaa  thniugh  it  twica  before  the  priotin^  ji  completed. 
It  drSen,  however,  materially  fVom  the  common  piiotiDg  machines ;  it  having 
two  plattens.  and  a  form-table  placed  between  them  on  a  vibrating  bnme,  inatead 
of  running  forwards  and  backwards  on  wheels,  as  is  the  ease  with  the  prinliiw 
machines  employed  at  the  Jlma^  office,  and  other  machines  made  by  Applega^ 
■nd  Covper. 

Mr.  Wayte's  third  improvement  consists  in  a  new  arrane;ement  of  inking- 
rollers,  by  which  he  is  enabled  to  diminish  their  number,  and  to  eflect  a  saving 
in  the  ink,  by  condtlcting  the  supply  to  such  places  only  of  the  distributiQg- 
Tollers  as  come  in  contact  with  the  types  :  diis  is  effected  by  causing  the  inldng- 
rollera  to  pass  over  digtributing  blocka,  which  are  made  to  correspond  with  t£t 

Kpes  in  the  form,  and  supplied  with  ink  by  a  trMisferring  roller ;  by  this  iscwi* 
c  ink  is  supplied  only  to  such  parts  of  the  rollers  as  come  in  cotttact  with  the 
types.  This  mkin^  apparatus  is  equally  applicable  to  the  printing  machinea 
invented  by  Mr.  Wsjle,  and  to  those  of  the  usual  conatnictjon. 

Mr,  David  Napier,  of  Fitzroy  Square,  London,  a  manufseturer  of  prinline 
machinery,  of  great  ability  arid  experience,  specified  s  patent  in  1 831,  granted 
to  him  for  "certain  improvements  in  printing  and  preiising  machinery,  with  a 
method  of  economising  power,  which  is  also  applicable  to  other  purposes." 
There  are  four  inventtons  contained  in  thia  patent,  all  having  reference  to  the 
printing  business,  and  calculated  to  increase  its  facilitiea ;  we  therefore  aubjoin 
■  brief  Mcomit  of  them. 

The  firif  is  a  printing  machine,  of  the  kind  called  a  perfecting,  or  that  which 
prints  both  sides  of  the  sheet  before  it  is  delivered  from  the  machine.  There 
are  two  forms  of  type  placed  on  the  same  traversing  stage,  so  fat  apart  that  the 
distance  bet-ivcen  tlicm  ahall  bo  equal  to  the  length  of  one  of  the  forma.  The 
sbi'et  of  paper  to  be  printed  ia  conveyed  to  the  forms  by  endless  felts  and  guide 
roUera,  in  the  manner  uaiially  adopted  in  the  printing  machines  manuGtctured 
by  Cowper  and  other*  On  the  axn  of  the  two  rollers,  which  give  the  pressure 
to  the  paper  while  on  the  n*pc  form,  arc  lixeil  two  wbcete,  with  leclh  extending 
only  half  round,  each  of  which  take^  into  racks  fixed  on  t!ie  side  of  the  form 
stage.  The  diameter  of  these  wheels  is  equal,  and  they  are  made  exactly  to 
correspond  with  the  diameter  of  the  rdlen  witli  which  they  move ;  tliey  arc 
connected  together,  and  made  to  turn  in  different  directions  by  means  of  a  band 
poasuig  over  equal  pulleys  on  each,  and  being  so  ai^usted  with  respect  to  each 
other,  that  (he  teethed  half  of  the  one  shall  he  upwards  while  the  teethed  part 
of  the  other  is  downwards ;  and  thus  tliey  will  take  into  their  respective  racks, 
and  cause  the  form  lo  traverse  backwards  and  forwards  alternately.  This 
arrangement  will  be  better  understood  by  inspecting  the  opposite  diagram.  «  s 
repreaenu  the  two  cylindera  which  give  the  impression,  with  spur-wheel  teetli 
on  half  the  dtcumfcrences,  as  shown  albb.  Thcae  teclh  take  into  the  rackscc. 
which  being  cotineclcd  with  the  form  sta|re  drl.  comniunicaliiig  to  it  recipro- 
cating motion.  The  sheets  of  paper  to  be  printed  are  ii-ceiving  alternately 
from  the  feediog-tablea  at  ef,  and  receive  the  first  impression  as  they  pass  under 
Uie  cylinder  s  .-  whence  following  the  counc  pointed  out  by  the  arrowa,  they 
|>an  around  and  receive  the  aecond,  or  completing  iiiiprvtijon,  iii  lelurniiig 


under  the  cjiindec  a,  and  arc  finally  ilelivered  on  the  TeeeiTing  board  g.  The 
PodleM  felb),  tapes,  and  guide  rotUn,  by  which  the  sheeta  of  papar  are  con- 
ducted, are  not  shown  in  (]ie  drawing,  as  they  do  not  differ  malenoUy  fivm  thoaa 
iKoallj  adopted  for  ihia  piir^e.  hit  and  t  repretent  a  leriei  01  pulle;^  by 
iriudv  the  inking  apparaUu  is  put  into  operation. 


Mr.  N^ier'i  lecond  improrenent  ipfdiei  to  &a  inking  put  of  tbe  pnnlii^ 
wadmea.  It  eouiata  of  a  leria  of  toda,  joinled  and  comwated  t^ctkei  in 
dta  piamiiii  of  the  ijitem  of  rodi  whii^  conatitata  th*  paiklld  motion  i£  k 
MMm  Migine ;  and  thete  an  applied  to  prodoM  an  alternating  rectilinMr 
■itii  to  *  fnuM  canTing  a  Mt  of  inking  roUon.  Thii  inking  tpfmMu  i» 
MMMidid  from  ft  £rBine  extending  over  the  type  fenni;  mm  il  la  Bqually 
qi^iieriila  to  piintuu  macbinea  on  a  large  or  nnall  (cola,  whether  aatuatod  by 
riMm  or  anj  odwr  nnt  moTer. 

1W  ijyr/impcoTCnient  connita  of  a  pair  of  presnire  Tollen  for  the  ptirpoM 
tf  MMnBg&aibeati  ef  paper  after  they  have  iwen  printed,  iutMd  of  uaingan 
Igitanlie  or  mcrev-preu,  to  give  to  printed  paper  the  requirod  degree  of  ancwth- 
(.  TtwcoHtnictionofMr.  Napier's  rolling-prcH  don  not  mBteriaDydifieifivat 


Kbonot  Mr.  Napier  irolung-preH  don  not  mBtenaUydmeiavat 
I  applied  to  bookbinding  a  few  yean  ago  by  Mr.  WilUam  Bum, 
and  which  hai  now  nearly  fupeneded  (in  Londoo  at  leait)  tha 

procewei  of  beating,  formerly  practind  by  bocJibinden. 

.  _..._•„!  t_  u.  %._;_  ..iL  _i I  L-J ..n :>!. 


of  Kirirf^raet,  end  which  hai  now  nearly  fupe 


d  (in  Londoo  at  leait)  tha 
/  practi*>d  b^  bocJibinden. 
a  of  the  pren  patented  by  Mr.  N^ucr  are  placed  honxontally,  with 
mpeet  to  each  other,  wbue  thoae  cf  the  preM  introdnMd  by  Mr.  Bum  ocoapy 
avwtieal  poeitkni. 

Hm  fourth  invention  deaciibed  in  thia  ipacification  conniti  of  ■  plan  far 
•BHaUam^  the  intermittent  power  of  an  alternatine  action,  when  applied  to 
— *^iuoiu  rotatory  motion.  The  power  u  to  be  applied  by  a  level 
jnp-handle,  which  tumi  freely  on  a  fixed  aiia  or  Ailcnim ;  at  on« 
t  this  aii*  ii  a  cHck  or  pall,  which  takes  into  the  teeth  of  a 
man  ratchet-wheel  attached  to  the  axu  of  a  box  containing  a  coiled  iprin^ 
with  one  end  bed  to  the  axii,  and  the  other  to  the  circumference  of  the  con- 
taining box :  to  thii  box  ii  fixed  a  toothed  wheel,  which  takes  into  the  teath  of 
a  linian,  or  on  the  axii  or  ihaft,  to  be  put  into  rotatory  motion ;  and  that  tha 
;  action  of  the  lever,  wlucb  ii  only  employed  in  winding  op  ttc 
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ipring,  U  rftiftercd  efficacious  in  giving  continiiouE  roUtory  motion  lo  a  pinion 
or  ipur-wheel,  and  hence  lo  any  system  of  machinery  to  which  it  tnoy  b« 
■pphed. 

A  patent  "  for  improvemenls  in  printing  machine"  vrai  granted  MR.  Wiuch, 
of  Shoe  Lane,  London,  in  1831,  which  appear  to  it«  to  be  of  importance,  m 
they  effect  a  considerable  diminutian  of  the  quality  of  alternating  matter,  by 
which  economy  of  power,  and  a  saving  of  repairs  are  likely  lo  reiuTt.  The  type 
form  is  made  to  rest  itationary,  while  the  loking-roUert  are  made  to  travene 
forwards  and  backwards  over  it,  receiving  their  lupply  from  a  ductor  roller,  and 
then  passing  over  a  distributing  table,  on  which  they  have  an  end  as  well  u  ft 
rotatory  motion,  that  the  ink  may  not  accumulate  upon  them  in  ridges;  and 
they  deliver  the  ink  upon  the  types  both  in  passing  liirwards  and  backward*. 
The  frisket  is  attached  lo  a  slight  traversing  frame,  which  is  furnished  with  ■ 
series  of  tapes,  on  which  the  paper  is  laid,  so  that  the  tapes  may  come  in  con- 
tact only  with  the  spaces  between  the  pages.  I'his  frisket  frame  moves  npon 
an  iron  railway,  and  having  received  a  sheet  of  paper  to  be  printed,  it  is  ran  in 
till  it  comes  over  the  types  and  under  the  platten,  being  preserved  at  a  litde 
distance  from  the  types  by  spring  supports ;  it  is  liberated  by  pieces  pro- 
jecting from  the  platten,  and  yields  ta  the  pressure  of  the  platten  when  brought 
down  to  give  ttie  impression.    The  frisket  frame  is  furnished  with  conical  steady 

Sins,  with  small  apertures  in  their  tops  for  the  reception  of  other  steady  {uns, 
ir  regulating  the  register  when  the  sheet  of  paper  is  reversed  for  completing. 
The  motions  of  the  various  parts  of  this  machine  are  produced  in  the  order  in 
which  they  are  required  through  the  medium  of  various  levers,  wheels,  cams,  and 
poUejn,  potsessing  separately  little  novelty,  hut  well  arranged  to  effect  in  com- 
binatlou  the  dlfi&ent  and  somewhat  complicated  motions  of  the  machine: 
these,  however,  we  have  not  deemed  necessary  lo  detail  at  length,  as  different 
forms  of  them  may  be  used  without  abandotung  the  principle  of  the  invention. 

PBISM,  in  Geometry,  is  a  solid  body,  whose  two  ends  are  equal,  similar, 
and  parallel  planes  ;  and  its  sides  connecting  those  ends  are  patallclonams. 

PRISM,  in  Optics,  is  a  triangular  prism  of  glass,  which  separates  the  rays  of 
light  passing  through  it  in  coniequunce  o(  the  different  degrees  of  refrongibillty 
that  take  place  in  different  parts  of  (be  same  ray. 

PROJECTILES.  The  laws  of  projectiles,  or  bodies  projected  by  any  impul- 
tive  force  into  the  atmosphere,  are  identical  wilh  those  by  which  the  motioni 
of  bodies  falling  perpendicularly  in  free  space  are  governed;  so  that  when  thMr 
relation  is  understood,  a  knowledge  of  the  one  necessarily  leads  to  an  acquainb- 
ance  with  the  other.  It  is  well  known  that  if  a  body  be  under  the  influence  of 
a  single  impulsive  force,  as  a  blow  with  a  hammer,  or  the  esplosive  force  of 
gunpowder,  its  velocit;^  will  he  uniform ;  that  is,  it  will  pass  over  equal  smo* 
ui  equal  portions  of  time.  It  is  also  well  known  thai  a  body  folliug  freely  in 
apace  falls  with  an  accelerated  velocity,  M  that  (he  spaces  fallen  Uirough  in 
successive  equal  portions  of  time,  con- 
tinually increase.  Now,ifweapplythese 
'acts  lo  the  case  of  a  hody  prnjected 
through  the  air,  we  shall  find  the  same 
laws  to  be  preserved  throughout.  In 
the  diagram,  on  the  following  page,  if  we 
suppose  a  body  a  projected  horizontally, 
that  is,  in  the  direction  a  b,  it  would, 
if  not  acted  upon  by  the  force  of  gravity, 
proceed  to  describe  the  equal  spaces 
"  "  e/i  fg,  and  g  t,  in  equal  successive 


I  weight,  it  will  fall  through 
spaces  equal  ta  eh,  ft,  g A.  and  b d,  in 
exactly  the  same  space  of  time  which  it 
would  take  to  pass  over  the  former 
spaces.     Let  us  now  suppose  the  two 
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to  be  ■imuhanaoBiy  then  the  hody  descending  as  much  as  e  A  while 
pMring  ftaai.«  to  #,  wmild  be  found  at  A  ;  in  paning  from  e/it  would  descend 
•iiret  ^  enSiDOiitillilnached  thepointdL  In  this  process  it  wfll  be  seen 
Ait  BeidMr  the  horiiontal  nor  the  vertical  velocity  is  at  all  afiected  by  the 
Mlion  (of  dM  edm.  From  the  spaces  e  A, /^^A^  and  &d^  being  as  the  squares 
ef  tte  &tuees«#,  «/  »fhmb  it  is  shown  tliat  the  curve  a  A  t  A  J  is  u  para- 
M%  whUbi,  in  all  eaaes^  b  the  kind  of  curve  described  by  bodies  under  the 
toftMMt  of  two  foreei^  meh  as  we  have  been  deseribiiMf.  The  altitude  to 
wUA  any  pnjectile  would  aseend,  and  the  distance  it  would  range  in  a  vacuum 
.m^iflDyaeeertBDed*  liSC  A  B 
W  tte  ie^fat  Ihzougfa  wfaidi  the 
would  aseend  hy  the 

hifnMad  upon  it  at  its 

aiM  A  C  the  dirsetioo  in 

it  is  pra[eeted.  Describe 
•  ■— iclwle  BDA  upon  the 
Mne  A  %  and  where  the  oirection 
A  C  cuts  the  circumference,  draw 
the  line  £  D  perpendicular  to 
AB;  dien  willED  be  one-fourth 
of  Ae  horiiontal  range,  and  £  A 
fkm   altitude   to   wmch   it  will 


If  the  horizontal  range  and  the  orcjectile  velocity  be  given,  the 

direction,  so  as  to  hit  a  given  object,  may  be  thus  found.  Take  AG  equal  to 
ene-lbarth  of  A  F,  and  draw  G  D  perpendiculariy  to  meet  the  circle,  then  will 
AD  be  the  direction  in  which  the  projectile  must  be  cast  to  strike  an  object  at 
F.  If  the  ranse  A  F  and  the  direction  A  C  are  known,  then  the  velocity  that 
imnt  be  given  is  found  by  taking  A  G,  equal  to  one-fourth  of  A  F,  raisingthe 
Mfpendicnlar  GD,  and  drawing  A  B  perpendicular  to  A  F,  till  it  meets  j>  B; 
dimwn  perpendicular  to  A  C ;  then  wfll  A  B  be  the  altitude  due  to  the  projectile 
irrioeity.  Since  there  ma^  be  two  per^diculars  on  the  semidrde  of  equal 
leB|[th,  tibere  will  be  two  difierent  elevations  that  wiQ  produce  the  same  range; 
and  since  the  radius  is  the  longest  line  that  can  be  drawn  in  this  way,  the 
greatest  range  will  be  when  the  angle  of  elevation  of  the  projecting  macmne  is 
45*,  or  half  a  right  angle,  and  in  tms  case  it  will  be  just  double  the  altitade  due 
to  the  initial  velocity.  The  time  which  the  body  would  occupy  in  its  flight  is 
always  equal  to  the  time  a  body  would  take  in  falling  through  four  times  the 
height  of  the  parabola  which  it  describes. 

All  the  foregoing  remarks  apply  only  to  the  motion  of  bodies  in  a  vacuum, 
and  would  therefore  require  great  correction  before  they  are  applied  in  practice, 
except  in  particular  cases.  When  used  to  r^;ulate  the  discharge  of  laige 
shdls,  or  other  bodies  whose  initial  velocities  do  not  exceed  three  or  four  hun- 
dred feet,  they  may  be  considered  as  tolerably  accurate.  But  in  cases  of  great 
projectile  velocities,  the  theory  is  quite  inadequate  without  several  data  drawn 
nom  many  good  experiments ;  for  so  great  is  the  effect  of  the  resistance  of  the 
air  to  projectiles  of  considerable  velocity,  that  some,  which,  in  the  air,  range 
only  between  two  and  three  miles  at  the  most,  would,  in  vacuO)  range  about  ten 
times  as  far,  or  between  twenty  and  Uiirty  miles. 

PROTOXIDE.  A  term  used  in  chemistry  to  denote  the  minimum  of 
oxidisenient 

PROTRACTOR.  An  instrument  used  for  protracting,  or  laying  down  on 
paper  the  angles  of  any  figure.  The  protector  is  commonly  a  small  semicirole  of 
kraas^  nicely  divided  it  into  180  degrees ;  the  ends  of  the  arch  are  connected  Inr 
a  straight  rule,  the  outride  edge  of  which  is  the  diameter  of  the  circle.  It 
serves  not  only  to  draw  angles  on  a  plane,  but  likewise  to  examine  those  laid 
down.  For  thii  purpose,  there  is  a  small  point  in  the  centre  or  middle  of  the 
edge  of  the  straignt  role,  which  point,  being  placed  upon  the  vertex  of  the  ande 
and  the  ed^e  of  the  role,  so  as  to  coincide  with  one  of  the  sides  of  the  anne^ 
the  other  line  of  the  angle  then  cuts  through  the  number  of  degrees  marked  on 
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the  protractoi,  wbieh  is  iU  tnie  mMwreineiit  Protracton  ore  non  uguiUy  nude 
ID  the  form  of  a  parallelaersm,  and  graduated  with  diverging  lines  m>m  a 
cBDtnl  point  upon  one  edge,  to  the  opposite  edge  where  the  degreet  an 
marked. 

Mr.  Tirilcliell'*  improved  protractor  i)  tlated  in  the  FrantUtt  Journal  to  cea- 
■iat  of  a  circle,  marked  vith  the  lines  of  sines,  taugenti,  lecants.  semi-tangenl*. 
and  chords.  To  the  centre  of  the  circle  is  annexed  a  scale  of  the  shape  of  half 
a  cross,  agreeing  nilh  the  line  of  chords  on  the  circle,  and  marked  on  each 
limb  vith  the  line  of  equal  parts.  The  cross  limb  of  this  scale  consists  of  tiro 
parts ;  to  one  of  nhich  is  annexed  a  semicircle,  marked  with  the  line  of  cbordi. 
the  other  part  turning  on  its  centre,  and  agreeia?  with  the  line  of  chords  on  the 
semicircle,  serving  both  as  a  protractor  and  scute.  To  the  centre  of  the  vhote 
circle  is  annexed  a  small  limb,  agreeing  with  the  line  of  chords  on  the  cJrcU, 
Mid  extending  over  the  scale,  and  serving  as  a  secant  to  the  circle.  This  scale 
exhjbiti  the  use  of  chords,  sines,  secanta,  and  tangents,  and  the  mode  of  apply- 
ing them  to  angles,  giving  the  sides  and  chords  of  any  triangle,  and  also  ita 
une,  tangent,  and  secant ;  likewise  latitude,  departure,  course,  and  diitance. 
For  drafting,  this  scale  is  particularly  useful ;  for  in  plotting,  nothing  more  is 
required,  than  to  turn  the  scale  to  the  coorse,  and  mark  the  distance.  The 
correctness  of  the  description  thus  given  of  the  instnunent  by  Mr.  TwitcheO,  is 
corroborated  by  the  valuable  testimony  of  the  learned  editor  of  the  Journal, 
Dr.  Jones,  who  remarks  in  a  note,  that  the  instrument,  "  in  addition  to  the 
purposes  indicated,"  will  be  found  "paniculuiyuseAilinteaeluog  trigonometry, 
as  it  renders  the  relationship  of  the  angles  objects  of  sense." 

FUMICE-STONE.  A  light  grey-coloured  substance,  of  a  fibrous  spongy 
texture,  supposed  to  be  form^  from  felspar,  in  volcanic  fire«,  and  Ihence  ejected 
in  a  state  ol  fusion. 

PUMPS.  Machines  for  raising  water  and  other  fluids  j  usually  consisting  of  a 
lube  or  tubes,  in  which  valves  and  pistons,  or  buckets,  are  made  to  operate,  to  pro- 
duce the  effect.  Engines  differently  constmcted,  and  particularly  those  upon  • 
larger  scale  than  ordinary  pumps,  are  generally  termed  Hydiaulic  Macrires, 
which  we  have  already  treated  of  under  that  head.  The  ordinary  definition  of 
pump  is,  "  a  machine  in  which  water  is  raised  by  the  presmre  of  the  atmo- 
sphere," which  accords  with  the  prevaleut  but  erroneous  notion,  that  the  atmo- 
sphere does  of  itself  raise  water  to  a  height  of  thir^  feet ;  notwithstanding  it  is 
uiown  to  those  wbo  have  considered,  the  subject,  that  it  does  not,  in  foet, 
contribute  in  the  slightest  degree  to  raise  it  at  all ;  and  that  the  same  force  k 
requisite  to  raise  a  pound  of  water  a  given  height,  as  to  rsise  a  pound  of  lead, 
or  of  any  other  substance,  through  the  same  space.  Of  the  evident  truth  of  thi« 
(act,  the  reader,  if  a  novice,  will  be  satisfied  upon  reading  our  article  on 
hydraulics  or  hydrodynamics,  and  by  attending  to  the  fDllowingdescriritiDnof  a 

Common,  or  "  ncHon  "  tnoM). — This  pump  coniists  of  two  hollow  cylinden,  • 
band  bd,  placed  one  under  the  other,  and  communicating  by  a  valve  k,  which 
opens  upwards.  The  cylinder  ab  is  called  the  suction  pipe,  and  has  its  lower 
end  immersed  in  the  well,  or  reservoir,  from  which  the  water  is  to  be  raised.  !n 
the  barrel  bd  a  bucket  or  piston  p  is  moved,  having  a  valve  in  it  which  opens 
□pwarda ;  this  piston  should  move  air-tight  in  the  cylinder.  At  i  is  a  spout  for 
the  discharge  of  the  water.  Supposing  the  bucket  to  be  at  the  bottom  of  the 
cylinder  i  J,  and  in  close  contact  with  the  valve  u;  upon  elevating  it,  the 
piston-rod  is  kept  closed  by  the  atmospheric  pressure,  and  if  the  valve  ■ 
were  not  permitted  to  rise,  a  vacuum  would  be  caused  between  it  SJtd  the 
piston,  the  elevation  of  which  would  then  require  a  force  equal  to  about 
\5  lbs.  multiplied  by  as  many  square  inches  as  are  in  the  section  of  the  pia- 
ton.  But  the  mDment  the  piston  begins  to  ascend,  the  elasticity  of  the  ur  in 
the  suction-pipe  beneath  opens  the  valve  u.  and  tlic  air  rushing  through,  it 
balances  part  of  the  pressure  on  the  piston.  Now,  if  Uie  water  at  a  were 
not  permitted  to  rise,  the  air  between  the  piston  and  the  surface  a  would  be 
rarefied  by  the  ascent  of  the  piston-     It  would,  thorefore,  press  against  llie 


lower  niriBce  of  the  water 


s  force  less  than  the  atmmpher 
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«i  dM  iucfret  of  llw  water  in  the  well ; 
flod  te  ffJMJniilwwl  daHSef^  of  the 
flb  Id  dM  nelioii-wpe  not  being  ft  conn- 
tapiiii  far  tfii%  thft  water  ii  aaeeMarily 
jMndu  krtD that pfae.  Thehdgfat 
to  wftiflh  ow  water  idtf  lite  in  tiie  mo- 
Ijhvi  P'B^P  ^"^  "^  pnportioDed  to  the 
iMjIi  of  tta  alnke  of  the  piiton  f; 
kqlkt  «i  iimoae  it  to  hcte  riien  to 
tta  laial  of  Um  dotted  fine  «,  diere  is 
Am  a  ewMp^wHwl  eolamn  of  ab  and 
water  wiaiiay  on  Ae  ler^  a;  namelir, 
Aa  aonani  of  water  «e  and  die  elarac 
faiaaafdMafarine&.  Iheaetwo  toge- 
IharhdbMa  Ae  ateMMpheric  pmmre 
oai  dM  aitemal  amfiioe  of  the  water 
in  the  wdL  It  oonaeqiiently  fiiDowi, 
that  Uie  air  in  6#  moat  be  rarefied, 
ite  elaatiei^  fkDa  ihort  of  the 
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atmonheric  pressure  by  the  pressure  of 
theccilmnnof  water  a«.  Asacofannn 
of  water  about  thirty-three  feet  in  heiaht 
balanees  the  atmosphere,  it  foDows  that 
the  elasticity  of  the  air  in  6«  is  equal  to 
the  pressure  of  a  column  of  water  whose 
heipit  is  eoual  to  the  excess  of  thirty- 
thiae  leet  abore  h  #. 

At  the  next  stroke  of  the  piston, 
a  flffUier  ananti^  of  air  is  extracted, 
and  the  diminisned  elasticity  under 
the  pistoQ  oaaaes  the  water  to  ascend 
to  ttie  level  j^    and  the  succeeding  ct 

strokes  raise  it  to  the  levels  h  and 
$,  Hitherto,  this  machine  has  only 
operated  as  an  air  pump,  but  at  the 
next  descent  of  the  piston,  the  water 

at  e  passes  through  the  piston-valve,  which  closes  and  prevents  its  return ; 
and  upon  the  next  ascent  of  the  piston,  the  pressure  of  the  atmosphere 
foroee  more  water  through  the  valve  ic  The  succeeding  descents  and  ascents 
are  attended  with  like  effects,  until  the  water  has  reached  to  a  level  with  the 
spout  %  where  it  is  discharged  at  evety  succeeding  stroke  afterwards.  The 
force  necessary  to  lift  the  piston  is  the  weight  of  a  cdumn  of  water,  whose 
bdjg^  is  thai  of  the  level  of  the  water  in  the  well,  and  whose  base  is  equal  to 
the  saetion  of  the  piston*  This  force,  therefore,  from  the  commencement  of  the 
process^  oontinua]ly  increases,  until  the  level  of  the  water  rises  to  the  discharging 
spoot  f,  and  thenceforward  remains  uniform. 

Aa  the  common,  or  sucking  pump,  operates  by  the  production  of  a  vacuum 
within  the  working-barrel,  by  which  the  external  atmospheric  pressure  is  called 
into  action,  and  forces  the  water  of  the  well  up  the  suction-pipe,  it  foUows, 
that  the  piston,  at  its  greatest  elevation,  should  never  exceed  the  height  of 
thiity-three  feet  from  the  surfiice  of  the  water  in  the  weD. 

Notwithstanding  the  common  lifting  pump,  is  incapable  of  raising  water  from 
mora  than  thirty-uree  feet  (in  practice  out  thirty  feet)  below  the  place  where  it 
may  be  fixed,  yet  it  may  be  made  to  deliver  water  at  almost  any  required  height 
dMiva  ite  piston,  bv  the  application  of  a  continued  straight  pipe  mto  the  top  of  the 
working-barrel «  a  of  the  preceding  figure.  Thus,  if  we  suppose  twenty  or  thirty 
fiMt  more  of  pipe  to  be  so  added  to  it,  since  the  water  once  raised  cannot 
downwaras  again  through  the  piston  valve,  it  must  continue  to  rise  with 
sboke  of  the  pump^  until  at  length  it  will  flow  over  the  top  of  the  ppe,  or 
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through  8  ipoul  iniertcd  in  any  part  of  iu  aide.  In  tliij  ciae  jilmotpfaeric 
prewuTe  bai  notliiiig  to  do  with  uie  elevation  of  the  piatou.  coiuequently  it  may 
be  carried  to  any  height  that  the  strength  of  the  pump,  or  the  force  employe^ 
is  capable  of;  but  the  handle  h,  or  any  other  contrirance  by  which  the  pump  ia 
woriced,  must  be  fixed  at  the  top  of  the  additional  pipe,  and  the  piitoD-rad 
equally  extended,  in  order  that  the  working-barrel  may  be  kept  within  the 
limita  of  atinoapherjc  preuure,'whicb  makei  a  pump  thus  anangei]  inappli- 
cable to  very  great  depUis,  un  account  of  the  bending  of  the  piaton-rod.  Where 
cast-iron  pipet  are  used,  thia  may  in  a  great  measure  be  prevented,  by  placing 
small  pieces,  with  projecting  armi  of  lu^cient  length  to  touch  the  inside  of  tha 
pipe  at  each  joint  of  the  piston-rod,  or  about  ten  or  twelve  feet  asunder,  when 
this  pump  may  be  used  for  considerable  depths  with  advantage.  Id  using 
pumpa  to  draw  muddy  or  aandy  water,  it  ia  alwaya  adviaahle  to  set  the  bottom 
of  the  pump  in  a  close  wicker  baaket,  or  other  strainer,  becauae  sand  and  smsll 
atone*  very  soon  destroy  the  leather  and  working  parts  of  any  pump;  and 
when  pumpa  are  uaed  for  hot  liquors,  which  is  the  cose  in  many  manufactoriea, 
thick  hempen  canvas  must  be  substituted  for  leather,  unlesi  the  vulvea  and  pis- 
tons are  inade  entirely  of  metal,  which  is  of  course  preferable. 

The  fordng  pump  a  generally  employed  iu  mines  or  iii  aituationa  where  il  is 
required  to  i&bw  water  Irom  great  deptha.  Pumpi  of  this  kind  act  by  oont. 
preaiion  instead  of  eihauttJon.  Although  atmo- 
spheric preasure  is  not  neceasary  to  the  constnic- 
tlon  of  forcing  pumps,  yet  it  is  in  most  cases 
reaorted  to  for  raising  the  water,  in  the  first 
instance,  into  the  body  of  the  pump  where  the 
forcing  action  commences  and  takea  place;  and 
when  ao  constructed,  such  pumps  are  usually 
called  lift  and  farce  picmpi ;  and  in  all  the  machines 
of  this  deacription,  the  water  may  he  raised  to 
any  required  height,  without  any  limit,  conaisleot 
with  the  strength  of  the  parts  and  the  power  at 
command.  Forcmg  pumps  do  not  differ  mate- 
rially in  construction  from  the  common  pump 
already  described ;  indeed,  that  pump,  hy  a  mere 
invemon  of  its  parts,  maybe  made  into  a  forcing 
pump;  that  is  to  say,  placing  the  piston  below, 
and  the  stop-valve  and  delivering-pipe  above,  as 
shovm  in  tlie  subjoined  figure,  where  kh  shows 
the  inverted  working-barrel,  and  i  the  inverted 
piiton  and  rod,  with  svalve  opening  upwards  ;  k 
IS  the  Btop-valvG  placed  at  the  top.  instead  of  the 
bottom,  and  also  opening  upwordE  into  the  riung 
pipe  II,  which  may  be  continued  \o  any  required 
height ;  the  lower  end  of  the  working-barrel  is 
quite  open,  and  must  stand  in,  and  be  covered 
with  the  water  it  has  to  raise,  so  that  no  suction 
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After  the  description  already  given  of  the  common  lift  pump  it  will  be  needlera 
to  say  anything  of  the  action  of  this  machine,  as  it  is  presumed  the  figure  will 
render  it  sufficiently  obvious.  While  the  lower  end  of  the  working  barrel  kh'a 
immersed  in  water,  and  the  piston  i  moves  upwards  and  downwards,  the  barrel 
wiU  be  filled  through  the  piaton-valve  at  each  down-stroke,  and  at  each  np- 
ilroke  its  contents  will  he  expelled  throiu;h  the  atop-valve  A,  into  the  sacendinK 
pipe  tl;  and  whatever  the  diameter  of  this  pipe  tnay  be,  sUU  ita  resistance  viO 
constantly  be  equal  to  tlie  weight  of  a  column  of  water  of  the  size  of  the  work- 
ing-barrel, and  of  a  height  equal  to  the  perpendicular  altitude  of  the  water  in 
the  ascending  pipe ;  for  this  pipe  may  be  placed  horizontally  or  obliquely,  to  aa 
materially  to  alter  its  length:  but  it  is  the  perpendicular  height  between  Ike 
nrfiwe  of  the  water  to  be  raised,  and  its  point  of  discharge,  i    '  ' 


be  taken  into  Bceoont  in  estimating  the  load  upon  i 
length  vilbout  height  in  the  pipe  pradacet  no  other  rf 
tion,  which  is  euily  overcome  by  iocreasing  the  capacity  of  the  pipe.  It  may 
appear  that  the  preceding  pump  ii  applicable  to  every  purpose  and  to  ever;  aitua- 
lion,  such  as  raising  water  irom  minea  and  the  deepest  places;  but  this  is  not 
the  case,  owing  to  the  almost  imperceptib];  small  elasticity  of  water,  and  the 
efiecta  (tf  the  du  inertia,  which  belongs  to  ^uida  in  common  witli  lolid  matter. 
In  working  the  pump  ahowu  in  the  last  iigure,  if  we  presume  the  pipe  f  f  to  ba 
filll  of  water,  that  water  hu  not  nifficient  elasticity  to  permit  the  barrel  A  A  to 
diaahtt^  ita  contents  throiuh  the  valve  i,  without  putting  all  the  water  coDtained 
in  tl  into  motion,  while,  when  the  piston 
deaeendi,  that  motian  will  be  at  an  end. 
Hie  water  in  J  f  will  therefote  be  in  an  altet~ 
Hate  stale  of  rest  and  motion ;  and  if  the 
cofaunu  is  lone,  and  its  quantity  great,  the 
vu  mrrtia  wilt  be  very  considentbte ;  that 
is  to  la]',  it  will  require  a  considerable  exer- 
tion of  force  to  get  it  from  a  state  of  rest 
into  motion ;  and  when  it  has  once  begun 
to  move,  it  will  have  no  immediate  tendency 
to  return  again  t«  rest,  but  might  be  cun- 
tinued  iu  its  moticn  with  less  force  than 
that  which  was  originally  employed  to  move 
it.  The  descent  of  the  piston,  however, 
allows  sufficient  time  for  all  the  motion  that 
wa*  communicated  to  be  completely  lost ; 
and  hence,  in  working  this  puinp,  we  not 
ooly  have  tbe  weight  afthe  column  to  over- 
come, but  tbe  Dktural  inertia  to  combat  with 
■t  every  stroke.  This  may,  in  a  great 
neaiure  be  removed,  by  keeping  two,  or 
what  is  stitl  better,  three  pumps  constantly 
at  work  by  a  triple  or  three-throw  crank; 
and  accordingly  this  expedient  is  generally 
resorted  to  in  all  small  engines  for  throwing 
water  to  a  great  height,  lor  by  this  means 
tbe  water  is  never  permitted  to  stand  still 
in  the  pipe*,  but  a  constant  flow  or  stream 
is  maintained.  No  illustration  ie  necessary 
to  esfdoin  to  the  reader  the  combination  of 
three  pumps  worked  by  a  triple  crank, 
each  throw  giving  tbe  aitcrnaiing  motion 
U>  one  pump  of  the  series,  at  equal  dis- 
tances of  time  and  space  throughout  the 
revolution;  bot  a  mechanical  arrangement, 
whcreiit  a  triple  crank  is  employed  to 
work  ooe  pump,  containmg  three  buckets 
alienating  in  the  same  working  barrel, 
•nd  pToduang  tbe  same  effect  as  three 
pumps,  seems  to  require  the  aid  of  graphic  delineation ;  accordingly,  we  annex 
a  enl,  in  which  the  process  of  raising  water  is  thus  conducted ;  it  ii  the  inven- 
tion of  Mr.  Downton,  of  BUckwall,  and  was  the  subject  of  a  patent  granted  to 
Itim  in  1S26.  The  figure  in  the  margin  may  be  called  a  front  elevation, 
U  portion  of  the  working  bairel  or  cylinder  being  broken  away  to  show  die 
buckets,  &C.  a  is  the  uppermost  bucket  or  piston,  the  rod  of  which  lib  U  hol- 
low, and  being  connected  to  a  bent  arm  d,  it  is  thereby  attached  to  one  of  tb* 
limbs  of  a  revolving  three-throw  crank  r.  The  middle  bucket  /  has  also  a 
boUow  rod  y  g,  wbicb,  being  of  smaller  dimensions  than  tbe  former,  slides  freely 
' .  it,  and  is  coimected  to  tbe  crank  e  by  aootlier  bent  atm  h.  Th«  lower- 
leket  i  has  a  solid  toAkk  which  puses  entirely  thtougb  the  hullow  rod> 
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of  tbc  DtliEr  bucketi,  and  is  atUchcd  d>r«clly  to  iIip  middle  of  the  ennt. 
Upon  each  vf  the  limbs  of  tbc  crank  are  pliiced  untt-riietion  nlieela,  workiiig 
in  elliptical  tloti  at  the  umier  end  of  each  rod,  by  which  the  ottritioD  of  the 
nibbin?  surfaces  is  considerably  reduced. 

By  this  BiTBngemcnl  itirill  be  seen  that,  on  turning  the  crank  bytbe  wincfaeo, 
the  bucketi  alternately  receiTc  and  lift  the  water  which  bu  pasied  upwards 
thTxnwh  their  valves.  On  raising  ibc  bucket  ■  a  vacuuin  is  Reeled  uuderaeath, 
and  the  water  rises  from  the  main  pipe  /,  and  fills  the  lower  part  of  the  cylin- 
der ;  on  the  descent  of  >i  the  water  is  received  above  it  through  it*  vnlve ;  while 
i  descends,  /  rises,  so  that  the  water  (ills  the  space  between  the  two ;  on  the 
re-sction  of  the  bucket  i,  more  water  is  received  into  the  barrel  from  the  Dmin, 
while  the  upper  bucket  a  operates  upon  the  middle  one  /  in  the  same  manner 
as/ has  been  described  to  operate  uponi,-  thus,  by  the  b im id toneoui alternating 
motion  of  the  three  buckets  or  pistons,  the  water  is  discharged  in  one  contin- 
uous stream.  Although  this  invendon  refleds  credit  upon  the  iogeouity  of  the 
inventor,  we  must  he  permitted  to  question  its  superiority  over  simpler  machines. 
Il  will  be  evident  that  the  patentee's  object,  (and,  if  we  recollect  rightly,  il  is 
slated  so  in  his  speciUcation,)  ia  to  obviate  the  employment  of  an  air  vesMl. 
But  in  doing  this  he  hai  constructed  a  machine  quite  as  expensive,  uuA  hoc 
incurred  a  greater  waste  of  power,  owing  lo  the  frif^tion  thnt  must  take  place  tn 
his  concentric  tubular  piston-rodsi  besides  a  greater  liability  to  darBDgemcnt  bjr 
Iha  multiplicity  of  parts. 

The  forcing  pump  is  made  in  two 
forms,  suited  to  the  situation  and  cir- 
cumstances imder  which  it  hat  lo  work. 
The  [simplest  construction  is  shown  in 
the  annexed  cut-  Il  cooaista  of  a  truly- 
bored  cylindrical  working-barrel  /,  the 
top  of  which  is  quite  open  to  admit  flie 
■olid  pialon,  which  works  it  in  a  pcr^ 
fectly  air  and  water-tight  slate,  by  means 
of  the  lever  or  handle,  or  any  other 
more  convenient  application  of  power; 
A  is  the  feeding-pipe,  dipping  into  ihe 
water  to  be  nised,  as  m  any  other 
pump,  and  ttus  pipe  may,  of  course,  he 
made  of  any  length  under  thirty-three 
'--*  -  *  '-  itop-valve  covering  t'- 
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the  piston  oaccnds,  hut  n 

it  lo  return  again  ;   so  tl 

the  piston  is  raised  by  its  handle,  the 

barrel  will  be  filled  willi  water  forced  up 

the  pipe  h  byatmospheric  pressure;  and 

when  the  piston  descends  again,  since 

there  is  no  valve  in  it  to  permit  the 

water  to   pass  through    it,   it  will   be 

forced  up  the  lateral  pipe  I  (opening  into 

and  through  the  valve  m,  which  prevents  it  ^  v      ■ 

conslrnined  to  find  iU  way  up  the  rising  pipe  p,  fixed  above  the  valve  m  , 

le  may  be  continued  to  any  required  height,  without  regard  (o  tlie  pre»- 
the  atmosphere,  since  the  ascent  of  the  water  does  not  depend  upon  it* 
action,  but  upon  the  mechanical  forte  that  is  applied  to  tho  handle  lo  depreaa 
the  piston.  WhUo  the  piston  rises  to  fill  the  working-barrel,  tlie  valve  n  will 
be  shut.  Olid  of  course  all  motion  of  the  fluid  in  the  pipe  p  will  cease,  and 
hence  the  use  of  the  air-vessel  n;  for  it  will  be  seen  that  the  pipe  p  it  not 
joined  on  immediately  above  the  valve  m,  but  tb^t  it  passes  through  the  top  of 
an  lur-tight  copper,  or  other  hollow  vessel  n,  and  proceeds  nearly  to  the  botton 
of  it.  Air  being  a  lighter  fluid  than  water,  will  of  coutie  occupy  the  upper  ftxt 
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ifWiTCail;  ndMMoo  m  IU  aoiion  of  dw  n 
^  ia  AdiM  •  <k  «r  jott  abonlho  lovar  ond  of  Um  open  pipo 
li  ahera  no  «atar  wfll  bo  ooafiiud,  and  nuUB  to  Mcap*^  it,  noVi  Dm  votUog 
rf  Oo  ffattB  bo  ropoood  to  tbnw  water  dmco  npidljt  into  the  ao^-Towl  than 
it  MB  •OODO  hj  tJW  p^  flit  >*  oridont  that  Moh  canfinad  air  will  ba  coo- 
tmmi  Bto  looB  ™"r***  tun  it  natonlly  oeci^ie^  id  oid£T  to  make  room  Tot 
4»vat«;  and  aa  tha  riaatimty  of  air  ii  conrtint,  and  incwaaea  in  power  irith 
ita  'miM  •^  eoadMMatign  wtthont  limitation,  to  tho  tfong  of  tbe  air  in  tho 
db-mmA  viU  baooaa  a  aotmtaipMia  or  equivalent  lor  any  height  to  which  tba 
p^  •  wtf  ba  aaniad;  and  alttwngb  tba  water  in  tho  pump  ezpUinad  at 
fama9T,  vmU  sot  adiait  tt  wodenwtioo  to  a*  to  pannit  a  fi«i}i  quantity  of 
■wmm  ta  aitei  dw  aaaMtdinMipe  whhont  pottiiw  bU  ita  emtente  into  mobon, 
y«t  Aa  faitaodBdiaB  of  ^  an-raaid  obfiatea  Ihia  diffienlW;  bt  now  the  new 
mrnSlg  dT  walw  la  not  diliMMd  into  a  ionnei  quantiq'  of  bdattie  water,  but 
M»»via4flIM*'tbifa',  wblchraacliljaUewaacha^  of  diroauioDa ;  and 
wIMt  Aa  airtsB  ii  nmg,  and  pr^adii^  no  water,  lb*  ncerionilj  cm 
4nMd  ife  m  a  baa  tisw  to  ie-«xpand  into  ita  lixmer  volnnu^  ay  expalling  ai 


dnt  Quantity  of  water  op  tb*  pip*  fp;  and  thn%  if  tbo  ut-na*et  ii 
lMnanoa|£  aeouitant  and  equable  eunent  ma;  bem'-'-'-"' 
Thajai         .   -  . 


Itaoa  H  A*  fendna  pump,  though  this 
eoBitnwtiui  le  gouanlly  called  the  lift 
aad  beta  pomp;  iti  foimatioD  ii  du 
aam*  at  die  lart-deeeribad  Sgan,  except 
that  dw  pitoa  ia  ,not  loli^  but  ii  par- 
fif*-^.  and  oorered  by  a  Talve  opeDiog 
npnrd%  aa  in  the  comawn  lifling- 
Bo^ ;  dw  niataa-rod  ;  likawiao  movea 
a  an  air-tip>t  nunnar  through  a  atuff- 
h|hmr.  <r  coUai  af  leather,  on  the  top 
<■  Aa  w<id-iag-barr*lt  which,  in  thia 
Ma%  i*  daa*d;  and  the  lateral  deliTer- 
lag  |ilr»ri|  with  ita  aii-T«wel,  piocecdi 
ftom  ttw  tq^wr  imtead  o(  the  lower  part 
of  dw  woikuig-banel.  Thii  pump  not 
only  baa  the  ttufGng-boi,  but  three 
vairei^  inalead  of  two,  a*  in  the  hit 
«»f™pl"  :  it  i^  coniequeatlj,  rather 
■Kwa  intricate  and  expeiuiTe  in  ita 
contnictiiMi,  with  qo  otbet  advanta^ 
than  that  itii  rather  more  deaulj  in  it> 
Wnrian^ ;  in  if  the  piitoa  of  the  former 
pomp  la  not  quite  water-tight,  a  quan- 
ti^  ot  water  ma;  flow  orer  the  open 
top  of  iti  worfcine-barrel,  which  cannot 
ba  the  oaie  in  tbu  pump,  if  well  made, 
liwar  aotioii  ia  rery  nearly  alike,  for 

anciua-jnp*  a,  by  the  eleration  of  the 
;  on  depreeeing  the  pialoa,  that 


JW^ 


r  nanaa  tbioogh  it  fay  ita  Talfe,  and 

aboTS  it  to  fill  the  V  ..-».>.. 

ler,  beic 

away  by  the  aMeuding-pipe  it  aa  before.     fVhen  the 


it  to  fill  the  i^per  part  of  the  working-barrel 
ikapwtoiHdw  water,  beiaguDahleloeacapeat  the  top  of  I 
^aaoover  and  atuffing-b^  x,  iaforced  up  the  lateral  pipe  t 


water  baa  tiaan  in  the  air-Teael  to  the  dotted  line  p  o,  *o  aa  to  cotbt  the  Iowa 
andoftbiapipe^theairwillbeooDGned,  and  theiroperalioDi  muet  be  alike.  The 
all  lawil  moat  bo  tuited  in  iti  cepacia  to  the  magnitude  of  the  pump  or  pompe 
that  d^irar  water  into  it  (for  aeveral  pnmpt  are  frequently  made  to  open  into 
«M  oommoB  aifvetMl),  and  ought,  in  all  caae^  to  coutaio  at  leait  aix  or  eight 
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volumei  of  llie  pump,  in  order  tliBl  tlie  increasing  fXpiuiBive  force  of  ibe  ail 
may  not  influence  tli«  motion  of  Ihi^  piiton  during  a  single  gtrokc ;  but  for  tl^ 
no  piedie  rule  ctui  be  given,  ai  tb«  relative  dimensions  uiay  I'ary  to  luit  Itie 
::ircuniidBDcea  of  the  cose.  Theie  forcing  pumps  with  air-vessels  ate  now  very 
generally  ndopled  in  water-works  for  supplying  cities  or  towni ;  and  the  height 
■I  which  the  water  is  at  any  time  delivering,  muy  be  very  nearlv  estimated  if 
the  air-vessel  is  large,  and  the  supply  equable,  by  examining  ihc  d^ree  of  con- 
denaatiun  of  [he  air  within  it.  This  is  very  conveniently  done  by  a  gauge, 
connsting  of  a  glass  tube  with  a  closed  top,  applied  by  a  stop-cock  to  the  lower 
part  of  the  aii^vetnel,  or  that  vhich  is  always  filled  with  water;  at  n  soch  a 
gauge  is  represented  j  and  as  it  hat  an  open  communication  with  the  air-venel 
when  the  cock  i  is  open,  the  air  in  the  top  of  the  tube  will  aufier  the  same  con- 
densation B9  that  within  the  vessel.  The  height  of  the  spaces  occupied  by  air 
witbio  the  tube  must  be  measured ;  and  as  the  air  at  its  ordinafy  deusi^  wil) 
balance  a  column  of  water  thiKy-three  feet,  high,  so  if  confined  air  is  loaded 
with  the  weight  of  such  a  column,  it  will  ibrink,  or  be  condensed  into  half  its 
former  bulk  ;  whenever,  therefore,  the  air  contained  in  the  lube  r  is  diminished  to 
half  its  original  length,  the  cotidensation  within  the  air-\-esiel  must  be  equal  to 
two  atmospheres :  or,  what  a  the  same  thing,  the  water  in  the  pipe  p  must 
stand  at  the  elevation  of  33  feet.  If  ibe  water  in  p  is  raised  to  twice  33  feet. 
Of  66  feet,  then  the  condeniation  within  the  aii^vessel  must  be  equal  to  three 
atmospheres ;  and  the  lur  within  it,  as  well  as  within  the  lube,  will  be  diminished 
to  one-third  of  its  original  bulk ;  one-fourth  of  the  bulk  will  indicate  finn 
atmospheres  of  condensation,  and  be  equal  to  the  elevation  of  ihe  water  colitmn 
to  132  feel,  and  so  on,  more  or  less,  as  the  barometer  may  vary. 

That  usefid  machine,  the  ftre-engine,  or  engine  for  extinguishing  fir**,  i* 
nothing  more  than  two  forcing-pumps,  of  the  construction  shown  nl  page  358. 
working  into  one  common  air-vessel  placed  between  them,  and  from  which  tile 
spouting-pipe  for  directing  the  water  upon  the  fire  proceeds.  The  handles  w* 
BO  disposed,  that  while  the  piston  of  one  pump  is  up,  the  other  is  down ;  and 
they  are  elongated  for  the  purpose  of  enabling  a  great  number  of  men  to  work 
them  at  ihe  same  time,  for  the  purpose  of  ihrowing  a  very  large  quanli^  of 
water,  which  is  rendered  a  continuous  stream  by  the  action  ol^lhe  ait^vessel.  See 

FlEE-EXGINe. 

It  iscurioiu  that  the  moat  ancient  pump  we  nreacqueinted  with,  namely,  that 
of  Cteaibius,  at  least,  as  It  is  handed  down  to  us,  very  closely  resembles  Ihe 

S resent  fire^ngine,  for  it  consists  of  two  forcing-pumps,  disposed  as  just 
escribed;  but  instead  of  discharging  their  contents  into  an  aii^vctscl,  iiiey 
merely  deliver  them  into  an  intermediate  clrae  cistern,  from  which  the  water 
ascends  by  a  perpendicular  pipe,  and  in  which  nothing  is  wanting  but  the  con- 
densation of  sir-  It  must,  however,  be  observed,  thai  both  the  pumps  laH 
described  would  be  forcing  pumps,  without  their  reepivtlve  air-veaiels  ;  and 
Uiough  ihey  act  much  more  advantageously  with,  they  are  sometimes  conslmcted 
witliout  tliose  appendages. 

We  now  proceed  to  describe  a  pump  with  a  double  action,  producing  the 
same  efiect  in  its  up  as  in  Its  down-stroke :  the  water  being  alternately  raised 
and  forced  on  the  opposite  sidei  of  the  piston ;  that  is  to  say,  by  the  up-stroke 
of  the  piston,  the  water  above  it  is  forced  out  of  it  into  an  air-veaset,  and,  at 
the  same  time.  Ihe  cylinder  is  re-charged  by  the  water  following  the  piston 
underneath ;  then  by  the  return  or  down-stroke,  the  water  underneath  is  forced 
out,  and  it  flows  in  above,  ready  for  the  repetition  of  the  operation,  and  so  on 
continuously.  In  the  diagram  on  Ihe  following  page,  a  represents  a  solid 
piston,  its  tod  working  air-ligbt  in  a  sluffing-box  b,  fixed  at  the  lop  of  the 
pump-barrel  c  e.  The  water  from  the  well,  supposed  to  be  not  more  than  ihir^ 
ieet  deep,  ascends  into  the  vacuum  of  the  pump  by  the  pipe  dt  and  is  conducted 
by  a  branched  pipe  e/  to  ibe  top  and  bottom  of  the  barrel  alternately,  ibrougb 
valves  g  and  n,  which  open  mwards.  On  the  opposite  side  of  the  working 
barrel  are  two  corresponding  apertures,  furnished  with  valves  ■  and  j,  opening 
outwards,  and  conducting  ibe  waler  by  a  branch-pipe  i  I  into  a  single  tub«  h^ 
leading  into  an  air>ve>tel  o,  whence  it  is  discharged  by  tlic  lube  p.     In  th« 


U  the 


it  1m  afcU  ft*  niva  <,  and  imMU>d 
Hm  «■!«  Iknmrii  dw  ralv*  j,  the 
iamA  i,  ni  m*  a,  bto  the  air- 
tmmI  •,  wWe  Uw  alMtieitjp  of  the 
d^  fMinf  upon  dw  Hi&M  of  the 
wata^  hM  ftncd  it  im  tha  ^pe  p. 
m  Inen  bai  Deen 


to  flU  tba  cbainbcr  abore;  after- 
«aidi^  upon  the  aaeent  of  the  piitoD, 
the  i^nraid  force  ihuti  the  valve  g, 
and  opeoa  the  Talra  i^  through 
which  the  water  ia  propelled  aloog 
the  htaach  k,  ^pe  ai,  air-TeaKl  o, 
it  of  die  [upe  p,   SniJD^  ihii 


Uiepipeo.   J 
•tioke,  the  1 


J,  and  le-fiDed  the  harrel  under  the  piitoo ;  and  tlioatlw  proceM  iicondnnedta 


gm  the  pomp  u  worked. 


mp  u  worked. 
Vaughan,  of 


Hne-end  Old  Town,  took  out  a  patent  in  1 630  ftr 

tpump,  acting  in  a  horiiontal  direction;  the  principle  of  tta 
readU;  nndentood  after  the  deecriptioD  of  the  forefcoing,  and 
iij  coinpaiing  it  to  a  bigh-pieMnre  iteain  ensirie,  wilh  luch  difference  only  aa 
to  adapt  it  hetter  to  the  pamping  of  water.  The  working  ehacaber  ii  either 
eyliDdiical  or  aquare;  but  euch  end  of  it  ii  considrrably  enlarged  downnard, 
where  the  vsItm  that  receive  the  water  froni  the  riling  main  are  situated.  The 
fiMon  it  aolid  and  packed  Lke  ihoae  for  itcam ;  the  piiton-rod  paatea  through  s 
BtnfGi^hox  at  one  end  of  the  chamber,  and  it  attached,  at  the  fartbett 
extmni^,  to  a  croai  heed,  to  which  it  connected  two  tpear-roda.  One  of  ihraa 
Todt  patten  on  each  tide  of  the  pump,  and  beyond  the  opposite  end  of  it,  to  a 
sank,  which  ia  made  to  revolve  in  pluninier  blocks  (fixed  to  a  suitable  (rame), 
and  it  tamed  either  with  a  wineb,  b;  manual  labour,  or  bj  anj  other  suitable 
power.  The  motion  thus  detcribed  it,  of  course,  nothing  but  the  ordinary 
parallel  motion.  In  order  that  the  piitoD  may  not,  b^  its  wnght,  wear  most  on 
tfa  under  tide,  the  piaton-rod  is  continued  on  both  sides  of  it ;  and  beyond  the 
nnge  of  the  joiton,  the  rod  ii  tupporled  by  an  anti-friction  wheel ;  thence  the 
nd  entera  a  tubular  ease,  doted  at  Ihe  furtneat  extremity  to  prevent  the  etcape 
ef  the  water,  at  it  it  not  packed.  The  action  of  the  pump  it  this :  supDose,  by 
the  Ta*obliaD  of  the  crank,  the  piaton  to  be  moving  to  the  right  band,  a 
TMUUM  it  prodnced  on  the  oppoaite  aide  of  the  piaton,  which  cauaea  the  valve 
ftott  Ibe  titiDg  main  to  he  opened  by  the  pretaure  of  the  almoaphere,  and  the 
dMmbar  it  tberehr  filled  wilA  water.  On  revetting  the  atroke  of  the  piston,  or 
lowaida  the  left,  the  rigbt-band  valve  ia  opened  from  the  rising  main,  and  that 
and  «t  the  chamber  filled  with  water,  while  the  water  which  previousir 
I  the  left  end  of  the  chamber  it  forced  out  by  the  piston  through 
r  Ttlte  on  the  upper  aide ;  the  succeeding  -'-"'—  '-  '■•■"  -"">-"  ^-- 
~  -n  the  right  clianber,  and  fills  ih' 


, ^ ,  if  the  left,  and  thus  the 

a  it  continuoui.     In  the  drawing  attached  to  the  specification,  a  laive 
"   ' 1  as  filed  to  the  upper  tide  of  the  pump,  for  the 


It  would  obviously  tiave  been  better,  had  Ibe  pntmlee  mode  the  upper  pnt  at 
ihu  veaiel  inlo  an  aii-chambar,  by  canting  the  oarcnding-pipe  ImI  ineatioaed 
to  dip  nearly  to  tbe  bottom  of  il. 

The  annexed  engraving  is  a  representation  of  a  ^ump  comtructed  by  Mr. 
Clyraer,  on  the  plan  of  the  ingenious  Benjamin  Martin  ;  but  the  mction-jipe 
and  the  valves  are  so  ditposed  a«  to  retain  any  heavy  bodies  that  may  be  raised 
bv  the  pressure  of  the  atmosphere  acting  upon  the  vacuum. 


The  above  perspective  slietch  shows  that  the  rising  main  leads  into  aipadaOB 
valve-hoz,  in  connexion  with  two  short  and  wide  nrorking-barrels,  left  open  b> 
the  atmosphere.  The  piston-rods  are  attached  to  a  lever,  vibrating  on  a  centra) 
fulcrum  which  is  mounted  upon  a  standard  between  the  two  cylinders;  and  to 
this  lever  branching  handles  ore  united,  to  enable  many  hands  to  be  employed 
iu  working  it.  The  large  volume  of  water  discharged  from  the  barrels  at  eacb 
stroke  of  the  pump  causes  a  constant  powetjul  stream  up  the  rising  main,  so 
that  any  globular  substances  nearly  Hning  it,  as  cannon  halls,  have  no  oppor- 
tuni^  to  ull  down  by  any  intermission  of  pressure  5-om  underneath ;  they  oi 


1  air  vessel  is  screwed  t 


pli»ged  OT  capped,  by  which  the 

^drawing  water  fi'om  great  depths,  thi 


lied,  and  the  nosszlc  is  llieii 
direcled  llirough  the  air  vessel- 
1  weight  of  the  pump-rods  and  the 
than  can  be  easily  jccomplished  by  tha 


b  run  we  hare  ooetAmtSj  atiinml,  in  Mwrttr 
«...  "-ii-iTlolfutivpKMDtodintliefiiOvwhifca^ 


■     "    1 

i 

3 

-4^:^ 

^ 

J 

vnmhijed  to  couniiHUaDGe  ths  weight  ot  tbe  rodi.  la  thii  cate,  the  ptnnp- 
nd  and  handb  k  imtwdtd  to  a  wooden  tpring,  of  nifficieot  elutiei^  to 
■wtain  dia  «^^  cf  tbe  nd^  and  to  require  a  part  of  the  man'i  force  to 
m  AijtMM-^  hnckal,  in  ratnnt  for  wnich  the  ipiinK  awtti  him  in  Iha 
fttwma  would  ha  apt  to  imagint  that  power  wai  that 
mMta/iaa  w31  enable  them  to  MRdre  that  it  iamlv 
fas  of  dM  MBS  ibrce  that  the  deaired  aflect  h  piodncai 
^  TdL  iL  ii  the  fol- 
wilh  little  frictian, 
a  Taria^  of  wa;a 
T,  .witboot  ^  OMUtance 
Mr«f  pkmlit^  and  wUeh  will  be 
fciiiiifn  iriJngiuiiil  niiaiililji  iiriiiilii 
Q  hm^ta,  m  in  dnining  mnhei,  mar)- 
vitt,  qwMMi^  ftcq  BT  eveo  fcr  the  eervice  of  a 
hcnje.  It  ia  olhifailod  in  tbe  Mnigoinei  diagram, 
where  eied  k  a  aqnaie  tmnk  of  caqjenter't 
wo^  open  at  both  endi,  and  haTing  a  little 
dttgm  and  ipout  at  t^  Near  the  bottom  there 
n  n  partition  made  </  board,  perforated  with  a 
bole  «,  and  co««rad  with  a  dack ;  ////  repre- 
amt  a  loig  cjlindrieal  bw  made  of  leather  or  of 
donUa  eanvait,  with  a  foM  of  thin  leather,  luch 
M  jbeep  alrin,  betwaau  the  canvasa  bags.  Tbii 
ii  firmly  nailed  to  tbe  board  #,  with  soft  leather 
between ;  tbe  nppar  and  of  thii  has  is  fixed  on  a 
ramd  board,  havmg  ^10  a  hole  and  valve.  ThU 
board  maj  be  miBM  in  the  lathe  with  a  groove 
nnad  ita  ed^  and  the  b<«  faatened  to  it  b;  a 
•ordboondti^nnndiL  "niefoTkof  the  piiioo- 
rod  ia  fiimlj  fixed  inta  thia  board ;  the  bag 
la  kept  distended  by  a  nomber  of  wooden  hi>op«, 
ornngiof  ttrong  ^i^  ff>ff<ff,  &<=.  put  into  it, 
at  n  Mw  inehea  ovtance  from  each  olher.  1 1  wiH  be  proper  to  connect  tbeea 
bMM  before  potting  them  in,  bj  three  or  four  cordi,  from  top  to  bottom,  which 
rifkeep  them  at  their  prt^r  distancci ;  thus  will  the  bag  have  the  fbnn  of  • 


■r^i  IicIIuwa  o 
■bout  twice  the  bit 

and  piston-rod  are  fixed.  Now  let  tliis  trunk  be  immened  it 
evident,  that  if  tlie  has  be  stretched  from  the  compreaaed  rorni  which  iu  ourn 
weight  will  give  it  by  ^wing  up  the  piston-rod,  its  capacity  will  be  mlorged; 
the  top  valve  will  be  shut  by  its  own  weight ;  the  air  iu  the  bag  will  be  rarefied, 
and  the  atmoipliere  will  press  the  water  into  the  bags.  When  the  rod  is  thnut 
down  again,  this  water  will  come  out  by  the  lop  valve  and  fill  part  of  ihe  trunk. 
A  repetitioii  of  the  operation  will  have  a  similar  eSect ;  llie  trunk  will  be  JiUed, 
and  (he  water  will  be  discharged  by  the  ipouL 

Many  attempts  have  been  made  to  inlniduce  pumpi  wotked  by  a  conlinuoua 
rotary  motion,  and  a  great  deal  of  ingenuity  has  been  eiercisod  to  prevent  that 
waste  of  power  arismg  from  friction,  with  which  they  have  all  been  nore  or  len 
accompanied,  but  in  a  greater  degree  thou  the  best  reciprocatbg  pump*.  The 
reader  who  is  solicitous  for  informatiDn  on  this  point  wiU  find  nnmerous  descrip- 
tions of  patented  inventions  of  the  kind  in  the  Repertory,  the  London  Jottrnal, 
the  ItegitUr  of  AtIm,  frc;  but  lu  none  of  them  have,  in  our  opinion,  been  y*t 
brought  to  work  so  well  as  the  reciprocating  pump,  we  shall  here  add  only  on* 
of  those  canlrivancea.  which  possesses  as  strong  claims  to  notice  as  any  of  iheiD. 
It  was  the  subject  of  a  patent  granted  to  Mr.  Robert  Winch,  of  Batlersea,  iu 
1826,  and  is  delineated  in  the 
subjoined  cut,  which  represents 
a  vertical  section.  At  a  a  is  a 
cylindrical  case  of  metal,  the 
hales  at  the  circumference  being 
for  the  bolts,  by  which  the  cir- 
cular side-plates  ore  secured  tu 
it ;  b  is  the  rising  main  pipe 
from  the  well ;  i  i  4  the  water- 
way, and  c  the  discharge  pipe; 
d  is  a  circular  box,  turned  round 
upon  the  hexagonal  shaft  in  the 
centre  by  a  winch  outside.  Ti> 
the  periphery  of  this  circular 
box  the  flap-pistons  0^95  urt- 
fixed  by  joints,  and,  as  l1ii-y 
revolve,  they  ore  suceeadvely 
closed  as  they  come  in  contact 
with  a  "drculai inclined  plane" 
ee.the  under  side  of  which  form^ 
a  stop  lo  the  upward  course  of 
the  water  on  that  side  of  (he 
cylinder.  On  passing  ihe  curved 
piece  e,  the  pistons  successively 
fall  open,  with  Iheir  edges 
touching  the  interior  surface 
of  the  pump  case ;  the  water 
which  has  passed  up  from  the 
main  pipe  through  lite  valves  i  i, 
and  occupied  (he  spaces  marked 
kk,  is  then  carried  forward  by 
the  pistons  as  (hey  revolve,  and 
is  discharged  in  a  conlinuoua 
uniform  s(ream  at  c.  To  pre- 
vent the  pistons  from  striking 
violently  against  the  cylinder, 
as  they  are  turned  against  it  bv 
■  -       e  of  the 


wellu 
(he  ac 


n  of  which  is 


avoid  hard  rubbing  in  those  parts,  catch-hooks  A  A  A  A  a 
10  obvious  in  the  drawing  to  rcq 


PUNCH. 


To  fcnflitite  tbe  dmttiitf  oC  Uie  flap-pistoni,  as  they  come  in  contact  with  tho 
cnnrad  piaee  «,  each  of  them  haye  a  lecond  joint  in  the  middle,  whidi  giyet 
tkoB  great  flexibility  of  motion.  In  another  modification  of  this  inyention,  the 
paienlea  emploja  a  lotaiy  Tane  f(»r  dosing  the  flap-piatcos  or  Talvei  in  nio- 
«aHioii»  iiMteid  of  the  carred  itop  describea ;  hot  tnia  arrangement  renden  it 
■aeeHiiy  to  have  a  toothed  whed  fixed  to  the  azia  of  the  dmlar  box,  to  worka 
pinion  on  die  axia  of  the  rotary  vane,  that  the  motion  of  die  latter  may  exacdr 
djuayid  with  that  of  the  piitons.  Since  it  it  impoenbk^  when  a  pump  la 
waD  sada  andia  ingood  order,  that  the  ^iton  can  more  without  diiplacing  the 
r  that  ia  above  or  bdow  i^  according  to  the  dreumitancea  of  ita  constmo- 
80^  in  all  pompa  that  eoosiBt  of  cj^drical  workiiig-hairela  and  pistoQi^ 

Mta  18  aiceiiaiy  to  aacertain  the  quantity  of  water  they  will  deUver, 
tiMHi  to  calculate  the  idlid  or  cubical  contents  of  that  part  of  the  barrel  in  which 
Aa  ymnam  is  piodnced,  and  to  reduce  it  to  some  standard  measure^  and  then 
to  wnhiply  diia  bj  the  number  of  strokes  made  in  a  given  time :  thus,  if  a 
poop  18  nme  inches  diameter,  and  makes  an  effiBctive  stroke  of  about  eighteen 
mdici^  sndi  a  cylinder  will  be  found  to  contain  1134  cubic  inches ;  and  as  277i 
cubic  indiea  make  an  imperial  gaUon,  so  four  gallons  will  be  equal  to  1109 
cubic  inches ;  consequently,  sudi  a  burel  will  contain  and  throw  out  rather 
more  than  four  j;allons  at  every  stroke ;  and  supposing  this  pump  to  make  ten 
atrdua  in  a  mmute^  it  would  yield  above  forty  gallons  in  a  minute^  or  sixty 
times  that  quantity  in  an  hour,  and  so  on.  Inis  rule  imliea  in  eveiy  case^ 
whedier  the  water  is  sent  to  a  small  or  great  elevation,  oecause  the  piston 
cannot  move  without  displacing  the  water  in  the  barrel ;  but  a  small  allowance 
must  be  made  for  leakage,  or  waste,  because  some  water  wilLconstantly  pass 
thepnton  and  8Ma)e,  or  oe  otherwise  lost  and  wasted. 

PUNCH,  aan  PUNCHING.  A  punch  u  a  short,  stout  jnece  of  steel,  or  of 
imn  ataekd,  used  for  stamnin^  out  pieces  of  metal,  so  as  to  make  peifontions 
in  iran  or  odier  plates,  for  tne  msertion  of  rivets,  screws,  boUs,  &c  In  punch- 
ing iihkk  platea  of  metal,  a  powerfol  machine,  consisting  of  a  long  and  masnve 
kfar^  waned  bj  an  engine,  it  generally  us^  in  considerable  woiks ;  but  as 

idneo  are  only  in  the  possession  of  the  comparatively  few  who  require 
of  the  kind  to  be  well  and  expeditiously  done,  a  simjde  and  cheajdy-con- 

instrument  for  the  purpose  becomes  an  important  appendage  to  the 
woriuliop ;  and  such  an  instument  we  here  present  to  the  r«Kler,  which  has 


been  long  and  advantageously  employed  by  Mr.  J.  R.  Hill,  of  the  Westminster 
Bead.  IV-  1  shows  a  side  view  of  the  machine,  fastened  on  an  anvil  a,  by  a 
cuttec-boU  6.    Fiff,  2,  a  bird's-eye  view  of  the  same.    Hff.  3,  a  section  of  the 


puDohing-hQlc,  ihowlne  a  part  cut  out  for  (lie  piecei  to  fall  out;  ppm  »  plate 
to  be  punched ;  the  back  end  of  tlie  lower  part  of  (  Ib  furnished  nith  a  T  piece, 
each  end  of  which  is  turned  up  and  tapped  for  the  reception  of  a  centre  screw. 
On  these  centre  screws  hangs  the  guide-arm  c,  wliicli  is  also  T  ^aped ;  the 
other  end  of  this  guide-arm  has  a  hoie  e.  just  the  size  of  the  point  of  the  pttncfa 
to  be  used  :  in  order  to  bring  this  hole  lo  coincide  vitli  the  lower  one,  it  is  only 
necessary  to  lengthen  or  shorten  the  arm,  by  bending  it  a  little  more  or  less, 
and  turning  the  icrews  a  little  either  way,  which  must  be  granted  is  mueh 
easier  than  adjusting  a  punch  sliding  in  square  holes,  guidu,  fre.  He  set 
■crews  are  alio  tumisbed  with  a  nut  each,  to  set  them  l&st  when  adjusted.  The 
reason  for  making  it  so  long  is,  that  any  width  of  plate  may  come  inside  ika 
holes.  It  is  scarcely  necessary  lo  add.  thai  a  common  rod-punch  is  used  with 
its  point  on!y  filed  up  to  Rl  (he  hole. 

PURLINES.  Pieeesof  limber  emending  from  one  end  of  a  roof  to  the  other; 
they  pass  under  the  middle  of  the  rafters,  which  they  support,  and  counteract 
their  tendency  to  sink  in  the  middle. 

PUTTY,  A  cement  used  by  glaziers  tor  fastening  window-gtass  into  tin 
Iramea ;  il  is  used  also  by  carpenters  and  other  artiiaits  for  stopping  holes  in 
their  work :  it  is  made  by  kneading  whiting  and  linseed  oil  together  mto  a  stSfT 
paste ;  when  dry  it  is  very  hard  and  durable. 

PIJTTY,  Powder  or.  An  oxide  of  tin,  much  used  in  polishing  glaas  and 
other  hard  substances.  When  tin  is  melted  in  an  open  vessel,  its  sotface  soon 
becomea  covered  with  a  grey  powder,  which  is  the  oxide  of  the  metal.  If 
the  heat  be  continued,  the  grey  assumes  a  yellow  tint,  which  is  then  cajled 


■"'pfc; 


PUZZOLANA.  A  kind  of  earth  thrown  out  of  volcanoes ;  it  is  of  rot^h, 
diuty,  granular  texture.  It  easily  melts  per  k;  but  its  most  important  pro- 
perty consists  in  its  forming  a  cement,  when  li)>xed  with  one-third  of  its  tvei^t 
of  lime  and  water,  which  hardens  very  suddenly,  and  is  mora  durable  under 
water  than  any  other  cements. 

PYRITES.  Native  compounds  of  metal  with  sulphur.  The  principal  in 
this  country  are  the  sulphurela  of  iron,  called  martial  pyrites,  worked  for  the 
■alee  of  the  sulphur  they  contain ;  the  sulphurela  of  copper  arc  worked  IW 
both  the  copper  and  the  sulphur  they  contain. 

PYKOLIGNEOUS  ACID.     See  Actn  Pvrolionbous. 

PYRUMETER.  A  machine  contriTed  lo  measure  the  cinanaion  of  metals, 
and  other  bodies,  occasioned  by  heat.  Muscbenbrorck  was  the  original  inven- 
tor of  the  pyrouieter  I  the  nature  and  construction  of  his  instnunent  may  be 
understood  from  the  following  account. — If  we  suppose  a  small  bar  of  metal, 
twelve  or  fifteen  inches  in  length,  made  fait  at  one  of  its  eittcmities,  it  is 
obvious  that  if  it  be  dilated  by  heat  it  will  become  lengthened,  and  its  other 
extremity  will  be  pushed  forwards.  If  this  extremity  then  be  fixed  to  the  end 
of  a  lever,  the  other  end  of  which  is  furnished  with  a  pinion  adapted  to  a 
wheel,  and  if  this  wheel  more  a  second  pbion,  the  latter  a  third,  and  so  on,  it 
will  be  evident  that  ^by  multiplying  wheels  and  pinions  in  this  manner,  the  last 
wilt  have  a  very  sensible  motion ;  so  that  the  moveable  extremity  of  the  small 
bar  cannot  pass  over  the  hundredth  or  Ihousandlh  partof  a  line,  without  a  point 
of  the  circumference  of  the  last  wheel  passing  over  several  inches.  If  this 
circumference  then  have  teeth  fitted  into  a  pinion,  to  which  an  index  is  attached, 
this  index  will  make  several  revolutions,  w^en  the  dilatian  of  the  bar  amounta 
only  to  a  quantity  altogether  insensible.  The  portions  of  this  revolution  may 
be  measured  on  a  dial  pUte,  divided  into  equal  parts ;  and  by  means  of  the 
ratios  which  the  wheels  War  to  the  pinions,  Uie  absolute  quantity  which  a  cer~ 
tain  degree  of  heat  may  have  expanded  the  small  bar  can  be  ascertained  ;  or 
convetidy,  by  the  dilatation  of  the  email  bar.  the  degree  of  heat  which  has  been 
applied  lo  it  may  be  determined-  Such  is  the  construction  of  Muschenbroeck's 
pyrometer.  It  is  necessary  to  observe,  that  a  small  cup  is  adapted  to  llie  machine, 
in  order  to  receive  the  liquid  or  flised  matters  subjected  to  experiment,  and  in 
which  the  bar  to  be  tried  is  immeraed.  When  it  is  required  to  measure  by  this 
iutnunent  a  considetable  d^ree  of  heat,  such  as  that  vf  boiling  ml  or  fiised 
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fl  IIm  tmp  wHh  ihn  matter  to  be  tried,  and  immene  tihe  bar  of  iron  into 
IL  Hm  dilitiiion  oC  tbe  bar,  indiflaied  by  tbe  index,  wili  point  out  tbe  dmee 
dt  baaft  it  baa  aaanaMd,  and  wbicb  mutt  neoenarily  be  eqoal  to  that  or  the 
MaMer  inta  vUdi  it  ii  immaned.  This  machine  evidently  serres  to  detennine 
iSm  nlSo  of  tka  dilatation  of  metala,  &c. ;  for  by  tnbstituting  in  the  room  of  the 
pjii— atfiti  bar  odier  matania  bars  of  the  same  length,  and  then  exposing  them' 
at  aa  aful  dame  of  baal»  ^  ratios  of  their  dilatation  will  be  shown  by  the 
SkctiaM  ac  tha  aDdaXa 

naaaeataalahntadinatrament  for  measoiing  rery  high  temperatures,  is  that 
biVMlai  bj  tha  lata  Mr*  Wedgwood,  founded  on  the  j^dple,  that  day  pro- 
craarfvriy  tantraats  in  its  dimoisions,  as  it  is  ntogressiyely  exposed  to  higher 
di|gTCaa  of  baat.  Ha  ftnnad  white  porcelain  day  mto  small  cylindrical  pieoei^ 
in  a  maMf  wbidi,  when  tbey  were  baked  in  a  dull  red  heat,  just  fitted  into  tha 
aip«iqf  of  two  braaa  ban^  nad  to  a  brass  plate,  so  as  to  form  a  tapering  space 
Wtnnan  tlMBau  Thia  qpaae  ii  graduated,  and  the  &rther  the  pjrrometric  ffuage 
—anlarAagiaatar  Wat  doss  S  indicate.  The  limits  of  the  eonTergingscfue  are 
lau  tiiirtiB  «f  an  inch  at  the  beginning  towards  the  opening,  and  tfiree-tenths  at 
tha  and,  or  towards  the  line  to  which  the  bars  oouTerge.  The  next  tiling  to  be 
dona^  waa  ta  ascertain  and  establish  a  connexion  between  the  indications  of  his 
■nstmrnanf  and  tiiose  of  the  mercurial  thermometer;  to  accomplish  tlus,  he 
anpbjred  a  heated  rod  of  silver,  of  which  he  measured  the  eiquinsion.  The 
d^  piece  and  the  silver  rod  were  heated  in  a  mu£9e,  and  as  soon  as  the  mu£Be 
inmeated  a  low  red  heat  it  was  drawn  forward  towards  the  door  of  the  oven ; 
nnd  its  own  door  being  then  nimbly  opened  by  an  assistant,  Mr.  Wedgwood 
pndied  the  silver  rod  as  far  as  it  would  go.  but  as  the  division  to  which  it 
rannhad  ooold  not  be  distinguished  in  that  ignited  state,  the  muffle  was  steadily  and 
~   lifted  out,  and  left  to  cooL    When  the  muffle  was  sufficiently  cold  to  be 

J  the  decree  of  expansion  at  whidi  the  silver  stood  was  carerally  noted, 

tha  dsj^ree  of  heat  shown  by  the  day  pieces  was  measured  by  their  own 
i;  alter  wliioh,  the  whole  was  returned  into  the  oven,  and  exposed  to  a 
haat^  in  order  to  obtain  another  point  of  correspondence  between 
I,  the  graduated  silver  rod  serving  as  an  intermediate  scale,  with 
Wedgwood's  and  Fahrenheit's  might  be  readily  compared.  The  ini  of 
points  of  orjnrespondence  was  2(0  of  Wedgwood's,  to  1370"  of  Fahren- 
hntTa;  the  aeeond  wm  Sy  of  Wedgwood's,  to  I89(y*  of  Fahrenheit's.  Hence, 
hacanaa  6k  —  2}  »  4^  and  1890  —  1370  =  520,  it  appears,  that  an  interval 
af  4  dagreea  on  Mr.  Wedgwood's  instrument  is  <*quivalent  to  520  degrees  on 
ttat  of  Mr.  Fahcanheit's,  and  consequently,  that  1  degree  of  the  former  equals 
130  of  tiba  latter,  and  the  aero  (or  o)  on  Wedgwood  s  scale  corresponds  with 
1077  and  a  fraction  on  Fahrenheit's.  Hence,  we  have  the  means  of  reducing 
the  degrees  at  any  point  of  one  scale,  to  the  corresponding  degrees  on  the 
other,  through  the  entire  range.  Mr.  Wedgwood's  instrument  indudes  an 
•stent  of  amit  31,200  of  Fahrenheit's,  or  about  50  times  that  between  the 
h^aaag  and  boiling  points  of  mercury,  by  which  points  the  performances  of 
acfconal  diarmometers  are  necessarily  Umited.  Also,  if  we  conceive  Mr. 
Wedgwood's  scale  to  be  extended  downwards  below  his  zero,  as  Fahrenheit's  is 
anppoaad  to  extend  upwards  above  the  boiling  point  of  mercury,  the  freezing 
paint  of  water  will  £ul  on  80.421^  ex  somewhat  above  8|**  below  the  zero  5 
Wadgwood'a  acak,  and  that  of  mercury  on  8^.596,  or  a  little  below  840 ;  so 
that  tbe  distance  between  the  freezing  points  of  mercury  and  water  is  an  inter- 
val of  .175  of  a  ditgrte  on  Wedgwood  s  scale;  80  and  a  decimal  from  the  freezing 
noint  of  water  to  complete  ignition ;  and  160**  is  the  highest  point  or  degree  ot 
neat  to  which  our  ingenioua  philosopher  was  able  to  extend  his  observations. 

"  Since  dry  air,"  observes  Dr.  Ure,  **  augments  in  volume  three-eighths  for 
180  degrees,  and  since  its  progressive  rate  of  expansion  is  probably  uniform  by 
wiifcnn  dagreea  of  heat,  a  pyrometer  might  easily  be  constructed  on  this  prin- 
ciple >— Ibrm  a  bulb  and  tube  of  platinum,  of  exactly  the  same  form  as  tha 
tfitniiometer,  and  connect  with  the  extremity  of  the  stem,  at  right  angles,  a 
'-■  tnbe  of  uniform  calibre,  filled  with  mercury,  and  terminating  bdow  in  a 
~  bnlb^  like  that  of  the  Italian  barometer.    Graduate  Uie  glass  tube  into 
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a  ieries  of  npnccB  winivaJciil  to  threc-ciglilhs  of  tiie  loin)  lolume  of  ihi  (i_ 
city  of  tlic  plalLiia  buib,  witli  three  fourths  of  iu  Btein.     Tlie  ether  ruonhaf  ■ 
be  mpposed  to  be  little  influenced  by  the  soiirrc  of  heat.     On  pkiupjdil 
bulb  and  two-third]  of  the  Btem  into  a  furnace,  llie  dcpresaion  of  the  numfl 
will  indicHte  the  degree  uf  heat.     Aillio  movement  of  the  column  «illh^| 
considerable,  it  wilfbe  acarcelj  vorth  while  to  introduce  any  carredioci  At'" 
cl'.aiige  of  the  initial  volume  by  baromelric  variiiiion ;  or  the  biliuni«il«i_ 
be  made  vith  the  recurved  bulb  sealed,  aa  in  Profeuor  Lesalie'a  differcntiilllii 
inometen.     The  glass  tube  may  he  joined  by  fusion  to  the  plalina  labc-  C 
must  be  taken  to  let  no  mercury  enler  the  platinum  bulb.     Should  tt>e«W4 
mechanical  difHculty  i[i  [iiakiiig  a  bulb  of  this  metal,  then  a  hollo*  ejhit,W 
half  ati  inch  diameter,   with  a  platinum  atein,  like  that  of  a     ' 
screwed  into  it,  will  suit  equally  well. 

A  very  convenient  pyrometer  for  ascertaining  the  relative  expandULi 
various  melalg  that  can  be  drawn  into  wire,  was  contrived  by  Mr. 
which  he  employed  in  his  cliemtcal  lectures.  It  is  reprcEented  in  ll 
cuL  a  represents  a  wire  of  the  metal  to  be  examined,  attached  •< 
end  to  a  peg  fixed  upon  a  piece  of  hoard;  on  (his  board  i<  also 
liltle  pulley- wheels,  turning  Ireely  on  their  axes,  aui!  aroiuid  the  pe: 
these  wheels  tlie  wire  is  carried  to  tlie  uppermost,  whence  it  is  coudi 


tbe  venet,  and  over  a  imall  central  wheel  b,  of  a  circular  ^duatcd  « 
with  a  weight  e  tied  to  thi*  end  of  tlie  wire,  which  keep*  it  m  a  stale  ofm 
'11ms  prepared,  the  apparatus  is  Immersed  in  a  vessel  of  water,  or  ul 
healed  to  the  desired  temperature  within  dieir  capability,  which  ii 
by  a  thermometer  placed  therein.     The  expansion  which  then  Ink*  , 
Bccuratelv  denoted  by  the  index  e  pointing  it  out  upon  the  gradustcd' 
ference,  the  indes  turning  round  as  the  elongation  taVes  place.    Upon  ■ 
ing  the  heat,  the  wire  contracts  and  draws  back  the  wheel  and  Uldec 
previous  position.     An  instrument  of  this  kind,  carefully  consinicied, 
a  smaller  central  wheel  b,  would,  without  doubt,  show  the  expanuhiU 
ductile  metals  with  great  exaclncas,  and  very  sntisfaclorily,  aa  tiM  wii 
of  great  length,  he  wound  round  a  large  number  of  pulleys,  so  as  U 
obvious  elongation  of  an  inch  or  inure. 

PYROl'HORUS.     An  artificial  product,  which  takes  fire  upon  «I 
the  air,  and  hence  called  air-iluder.     It  is  prepared  from  ulum  by  the  li 
of  various  inflammable  substances.     The  simplest  mode  of  preparing  it 

X  three  parts  of  alnm  with  one  of  wheat  Hour,  and  calcine  tlieni  in  a  p^ 
s,  until  the  tjue  fknie  disappears ,  then  keep  it  iu  the  same  ptu»j 


mI4  mO  riofmdwtfh  « 
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good  cotk.  In  Ihu  powder  be  expowd  to  tlia  atmo- 
teta  QunitUM  from  llw  ur,  and  genoratei  ■nffirimt 

leeoiw  matter  milled  with  it 

FTROTBCHHT  ii,  praperiy  wmUo^  tike  ideDce  which  leechn  di* 
MMgiwmtMid^plteMioitrffireiDTtriomonermtioM;  but  in  k  mora  limited 
«BMk  *Dd  «■  it  ia  mote  commonlf  nied,  it  refen  chieBy  to  the  eomponttoo, 
■InHtnr^  uid  um  of  aitifidal  firework*.  The  ingredienti  are,  1.  (altpatiet 
purified  fir  the  pnmoae ;  2.  ralphDr ;  and  3.  charcoal.  Ouopowder  ii  likewiie 
need  in  the  eompoaUion  c^  flra  worka,  being  fint  ground,  or,  u  it  ia  technicaUy 
Ir^iwd,  mealed.  Camphor  and  gum  benioin  are  em^iloyed  ai  ingredienti  in 
tdoriferoo*  fireworks.  The  proportioni  of  the  material  differ  vel;  much  in 
difliveDt  firework^  and  the  utmuit  care  and  precaution  are  necoaaiy  in  the 
wooing  them  to  a  Kate  fit  for  uie,  and  then  m  the  nising.  In  thia  work  we 
evinot  enter  on  the  nitgect  with  a  iuffideot  degree  at  minuteneit  to  tea^  the 
method  of  manufacturing  fireworki,  and  ihall  thereforo  content  ODraelvea  with  a 
brief  notice  of  the  propor&>ni  of  the  material!  in  aome  of  the  more  common 
md  mon  intereeting  article*  in  use.  Tlie  chargei  for  ikj-rockela  are  made  of 
nltoatr^  finr  pounda ;  brimitone,  one  pound ;  and  charcoal,  one  pound  and  a 
ball:  or  hj  another  direction — Mllpetre,  four  pounds ;  brimstone,  one  pound  and 
aluJf;  charcoal,  twelre  ounces;  and  mealed  powder,  two  ouneei-  These  pro- 
poetuti*  vary  according  to  tha  size  of  the  rocket ;  in  rockets  of  four  ounce*, 
mealed  powder,  aaltoetie,  and  charcoal,  are  used  in  the  proportion*  of  10,  2, 
and  1 ;  bat  in  very  large  tocketi,  the  proportions  are  saltpetre,  4 ;  tnealed  pow- 
der and  mlpbur,  1  each.  When  stars  are  wanted,  camphor,  lUcobol,  antimony, 
and  other  ingredients  are  required,  according  a*  tbe  atan  are  to  bo  blue,  white, 
ftc.  In  some  cases  gold  and  silver  rain  is  required ;  then  braaa-diut,  iteel-dust, 
nw^dust,  &c  enter  into  the  composition;  hence  the  varieties  may  be  also-inde- 
faiite.  With  respect  to  colour,  sulphur  gives  a  blue,  camphor  a  white  or  pale 
edonr;  aallpetre,  a  clear  white  yellow;  aatammooiBC,  a  green;  antimony,  a 
nddisb ;  resin,  a  copper  colour. 


QUADRANGLE.    A  figure  containing  four  angle*  and  four  sides. 
QUADRANT,  in   Geometry,  the  quarter  or  fourth  part  of  a  circle,  and 


great  nae  in  navigation  and  astronomy,  for  taking  the  altitude  of  tlie  sun  and 

<  QUADRAT,  in  Minting,  is  a  piece  of  metal  cast  like  the  type,  to  fill  up 
Ae  ^Mce*  between  words ;  they  are  made  of  different  sizes,  called  by  the  apace 
An  ocmpy,  as  »  quadrats,  n  quadrats,  &c 

QUARRY.  A  cavity  or  opening  made  by  minera  in  rocky  ground,  &om 
wUeh  are  procured  maiblc,  fteestone,  slate,  limettoue,  or  other  materials;  one 
of  which,  m  the  island  of  Jersey,  is  represented  in  tlie  subjoined  cut;  from 
whence  i*  obtained  large  quantities  of  stone  for  the  London  pavements.  It  ia 
ef  essential  importance  that  such  works  should  be  situated  close  to  the  sea,  or  a 
rirrr,  or  canal,  for  the  convenient  and  cheap  transport  of  the  heavy  product,  a* 
it  is  Iba  cost  t^  carriage  which  cmialitutes  its  chief  cost.  The  mode  of  sepa- 
rating the  stooe  fromUie  rock  difieis  according  to  its  natural  formation;  but  in 
gmSic  «nd  other  hard  rocks  of  continued  solidity,  the  process,  though  ap^ 
renlly  difficult,  is  extremely  simple,  a*  it  consists  chiefly  in  boring  holes  with 
varioos  inttruments,  (which  have  been  described,  as  weU  a*  the  process,  under 
llu  woid  Blastino  ;)  then  ramming  into  the  hole  a  chargB  of  gunpowder, 
laying  a  train  to  it,  firing  the  train,  and  retreating  to  a  distance  or  under  an 
enriwnging  cliff  to  avoid  the  stones  which  are  thrown  up  hy  thaesploaion. 

»oi.  ■■.  3  a 


"0  QUARRY. 

The  iinlea  are  mode  frum  one  lo  ihrec  fwt  in  depth,  nnd  generally  nboul  1) 
inchdiameleri  but  ihcsc,  aincll  as  the  position  and  direction  of  the  perforation, 
and  alao  the  charge  of  the  powder,  ate  lubJFCt  lo  the  skill  and  digetetion  of  the 
miner.  Tlie  rule*  bj  which  lie  is  guidwl  are,  to  direct  the  effort  of  (he  e»plt>- 
«ion  lo  a  part  of  the  rock  which  is  moat  easily  displaced,  and  lo  proportion  the 
charge  lo  the  ellect  rfquited,  so  as  to  shake  and  loosen  a  larger  portion  rather 


then  10  blow  onl  n  le*»  qiianlilj-.  The  daneer  of  bealing  llie  lamping  bar  wi'.h 
iron  looli  in  hatd  ruck,  and  the  many  dreudiul  accidenlB  that  &equenl)y  happen 
in  thig  nperation,  have  led  to  the  inlroduciion  of  conlrivancea  to  diminish  the 
risk  ;  but  though  lonie  of  lh«ie  have  been  well  adapted  for  the  purpose,  yet,  as 
ihey  occasion  a  titlle  more  trouble,  they  liaie  not  been  generally  adopted  far 
tlie  miner.  The  simplest  and  best  precaution  against  danger,  is  to  have  the  naJ 
of  copper,  imtead  of  iron ;  but  aa  the  former  is  no!  ao  easily  made  or  repaired 
by  the  smiths  on  a  mine  as  ihe  latter,  they  are  not  so  well  liked  by  the  workmen. 
Another  mode  of  preventing  danger  in  tamping,  is  by  employing  lubstancc* 
to  confine  th«  gunpowder  which  require  little  or  no  force  in  beating  them  inio 
the  hole;  and  as  dry  sand  will  often  serve  llic  purpose  if  Ihe  rock  is  not  ver^ 
hard,  it  may  he  sometimel  used;  but  there  are  many  cases  in  mines  where  It 
will  not  succeed,  and  therefore  it  is  seldom  attempted.  A  better  tubitanoe  lo 
conline  gunpowder  in  holes,  u  good  tongl.  clay,  and  this  will  answer  in  many 
caaes  where  sand  will  fail,  particularly  in  wet  ground,  or  in  boles  that  are  in- 
clined upwards;  it  ulll  produce  the  proper  elTect  in  all  but  very  hard  rocks,  and, 
if  the  men  could  be  inauced  to  use  it,  would  undoubtedly  tend  to  Ihe  saving  of 
many  lives. 

An  iiiitniment,  denonilnaled  by  the  inventor,  the  "  Muirr'i  Snfclg  Putt"  wa* 
patenled  in  1831  by  Mr.  Bickford,  of  Tucking  Mill,  Cumwall;  which  maybe 
ciiefly  described  as  conaistitig  of  a  minute  cylinder  of  gunpowder,  or  other 
suitable  explosive  mixture,  enclosed  within  a  hempen  cord,  which  is  first  twisted 
in  a  peculiar  kind  of  machine,  then  countered  or  overiaid  to  strengthen  it,  after' 
wards  t'arnished  with  a  mixture  of  lai  and  reiin,  lo  preserve  the  combiutibie 
''■■''  ilening,  or  olhe 
^  a  the  fingen,  s 
le  ftisea  appear,  from  the  specificatinn,  to  be  very 
judidously  and  accurately  prepared,  and  will,  we  doubt  not,  be  found  of  gceut 
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ooft  in  ikm  United  States  of  America,  which  u  thus  described  in  the  Journal  of 
1k§  FnmkSm  JmtHmte.  **  A  frame  is  made,  in  the  centre  of  which  an  iron  shaft 
or  rod  is  caused  to  rise  and  hH  Tertically  between  friction  rollers,  so  placed  as 
to  keep  it  in  its  position.  In  the  lower  end  of  this  shaft,  a  socket  is  formed,  to 
reeetre  driUe  of  different  siies.  Provision  is  made  for  placing  the  machine 
Tiitieally,  by  sliding  pieces  upon  each  of  its  fonr  lees,  which  serve  to  lengthen 
tbem  at  may  be  neccssaiy.  The  apparatus  for  working  the  shaft  up  and  down, 
ii  fbnned  as  follows:  a  circular  plate  of  iron,  about  a  foot  in  diameter,  has  a 
hole  in  its  eentie^  provided  with  a  socket  adapted  to  the  iron  rod  or  shaft,  and 
eanabla  of  bang  seenred  at  any  part  of  it,  so  that  the  plate  will  stand  horizon- 
taUj.  At  a  liw  distance  from  the  periphery  of  this  plat^  an  iron  ^indle 
cnMsaa  ^  frame ;  upon  this  spindle  are  lifters,  which,  as  it  is  turned  by  a 
cnnky  come  in  contact  with  the  lower  side  of  the  plate,  and  raise  the  shaft ; 
fiiflMi  tollers  are  contained  within  the  lifters,  to  cause  them  to  slide  easQy  upon 
the  platev  and  thdr  action  is  so  managed  as  to  produce  a  small  revolution  of  the 
pbti^  and  cooaequendy  of  the  drill,  at  every  lift.'* 

Tbo  term  fiuarry  is  likewise  given  to  a  variety  of  neatly  formed  bricks,  tiles, 
and  stones,  with  very  level  surfaces,  and  of  diversified  colours ;  which  are  em- 
ployed in  many  parts  of  England,  as  well  as  other  countries,  for  making  plain 
and  ornamental  flooring.  Ine  perforated  tiles  employed  iu  malt-kilns,  some 
kinds  of  dtjring  stoves,  and  for  various  other  uses,  receive  this  denomination. 
An  improvement  in  the  construction  of  quarries,  applicable  to  kilns  for  drying 
malt^  wheat,  and  other  grain,  was  lately  patented  by  Mr.  Henry  Pratt,  (a  gentle- 
nan  of  great  skill  and  knowledge  in  such  subjects,)  of  Bilston,  in  Staffbrwhire ; 
the  pecwiarities  of  which  may  be  thus  briefly  eiplained.  Instead  of  the  usua.* 
eonieal  openings,  terminating  in  small  circular  a]iertures  in  the  flooring  of  grain 
kilns^  Mr.  Pratt  forms  his  quarries  for  such  purposes  of  cast-iron,  in  pre- 
IsfCBca  to  baked  day,  ha^-ing  oblong  slots  or  openings  at  the  tops  of  rectan- 
gular tapering  holes,  which  are  designed  for  the  escape  of  the  heated  air.  He 
casts  bis  quarries  with  strengthening  bars  projecting  n*om  their  lower  sides,  and 
these  bars  form  the  sides  of  the  tapering  chauneli,  as  well  as  give  sufiicient 
rtrength  with  a  less  quantity  of  material  than  is  required  when  the  quarries 
sre  made  of  an  uniform  thickness. 

QUARTATION.  An  operation  by  which  the  quantity  of  one  thing  is 
made  equal  to  the  fourth  part  of  the  quantity  of  another  thing.  Tlius,  when  gold 
slloyed  with  silver  is  to  be  parted,  we  are  obliged  to  facilitate  the  action  of  the 
squafortis  by  reducing  the  quantity  of  the  former  of  these  metab  to  one-fourth 
part  of  the  whole  mass ;  which  is  done  by  sufficiently  increasing  the  quantity 
of  the  silver,  if  it  be  necessary.  This  operation  is  called  quartation,  and  is  pre- 
psratory  to  the  parting ;  and  even  many  authors  extend  this  name  to  the  operas 
tion  of  parting. 

QUAKTZ.  a  mineral  of  the  flint  genus,  which  is  divided  into  five  sub- 
ipecies  by  Professor  Jameson ;  namely,  the  amethyst,  the  rock-crystal,  milk 
^osrtz,  common  quartz,  and  prase. 

QUICKLIME.  A  hot  caustic  substance,  employed  in  the  composition  of 
Bkortar  for  buildings ;  by  farmers,  as  a  manure ;  by  bleachers,  tanners,  sugar- 
bskers,  soap-boilers,  and  iron-masters,  in  the  preparation  of  various  manufac- 
tures; and  also  in  medicine.  Quicklime  is  obtained  from  chalk,  marble,  linie- 
ttone,  oyster^shells,  &c.  by  expelling  from  them,  by  means  of  heat,  the  carbonic 
sdd  and  water  with  which  tney  are  combined.  The  quantity  of  quicklime 
obtained  from  a  ton  of  limestone,  if  weighed  when  hot  from  the  kiln,  is  on  an 
Sferage,  according  to  the  experiments  of  Bishop  Watson,  11  cwt.  1  qr.  41b.  By 
exposure  to  the  air  also,  a  ton  of  quicklime  acquires  daily  the  additional  weight 
of  about  one  twentieth  part  of  itself,  for  the  first  five  or  six  days  after  it  is 
drawn ;  and  therefore,  the  earlier  it  is  used  tlie  better.  Quicklime,  to  be  reserved 
6r  chemical  or  medicinal  uses,  should  be  kept  in  bottles  well  stopped. 

QUICK-MATCU.  A  combustible  preparation,  formed  of  cotton  strands, 
drawn  into  length,  and  dipped  into  a  boiling  composition  of  vinegar,  saltpetre, 
end  mealed  powder.  After  this  immersion,  it  is  taken  out  hot,  and  laid  in  a 
tnmgli,  where  some  mealed  powder,  moistened  with  spirits  of  wine,  is  thoroughly 
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incorporated  into  (he  Inials  of  ihe  cotton,  by  railing  it  about  therein,  lliey  am 
afterwards  taken  out  Bfparatcl3',  draim  through  mealed  powder,  and  huag 
upon  ■  hue  to  drv.     They  are  then  fit  for  service. 

QUICKSILVER.     See  Mbbcurt. 

QUILLS.  Tbe  largest  feathers  taken  from  the  nlngi  of  geese,  swans,  crowi^ 
and  other  birds.  The  different  qualities  are  denominated  according  to  the  order 
jji  which  they  are  lixed  in  t'le  wing:  the  second  and  third  quilts  being  the  beat 
Cat  writing,  as  they  have  (be  largest  and  roundest  barrel*.  Crow-quill*  tie 
chiefly  used  for  drawing.  The  goose-quills  are  those  in  general  use  for  writing. 
These  are  cleansed  and  hardened  by  placing  ibem  one  by  one  in  a  dear  fire,  so 
as  to  soften  tbem  merely,  and  then  drawn  under  an  iron  edge,  which  nearly 
flattens  them  for  the  instant,  but  they  immediately  after  return  to  thalr  cylin- 
drical figure. 

QUININE.  A  vegetable  alkali  obtained  from  cinchona  (bark.)  It  ii  pro- 
cured by  the  following  process ;  a  pound  of  bruised  bark  is  boili>d  in  about  a 
Sallon  of  water,  contauiing  three  fluid  drachms  of  sulphuric  acid-  A  similar 
ecoctioQ  is  repeated  with  about  half  the  quantity  of  uquid,  and  so  on  till  all 
the  soluble  matter  is  extracted.  The  decactions  are  then  mixed  together  and 
Btrained,  when  powdered  slaked  lime  is  added  in  a  proportion  so mew\iat  greater 
than  necessary  to  saturate  the  scld ;  the  precipitate  tiiHl  ensues,  a  mixture  of 
quinine  and  sulphate  of  Lme,  is  collected,  dried,  and  boiled  for  some  ounutes  in 
strong  alcohol,  which  is  then  decanted  while  still  hot,  and  fresh  portions  niccea 
aively  added  for  the  repetition  of  tbe  same  operation,  until  it  ceases  to  act  oa 
the  residuum,  which  is  then  merely  sulphate  of  lime.  The  different  alcohoUi! 
solutions  are  (hen  put  into  a  vessel,  and  considerably  evaporated;  during  which, 
and  especially  on  cooling,  transparent  plates  of  quinine  are  deposited.  It  i> 
very  insoluble  In  water,  and  its  taste  is  vei^  bitter.  It  unites  with  the  acids, 
forming  crystal lizable  salts.  The  sulphate  is  of  a  dull  white  colour,  silky  and 
flexible :  it  is,  like  the  alkali,  soluble  m  alcohol ;  and  bums  away  without  leatiDg 
any  residuum.     M.  Pelletier  and  Caveotou  stale  lis  component  porta  U>  be 

Quinine lOU 

Sulphuric  acid 10.9147 

The  acetate  is  nmarkable  for  tbe  raantier  in  which  tt   crystallizi 
crystals  are  flat  needles  of  a  pearly  lustre   grouped  in  silky  b 


RACE.     The  catisl  along  which  the  water  is  conveyed  to  and  from  K 

RACK.  A  straight  bar,  which  has  teeth  or  cogs  similar  to  those  on  •< 
toothed  wheel. 

RADICAL.  That  which  is  considered  as  constituting  tlie  diitinguishinj; 
part  of  an  acid,  by  its  union  with  the  acidifying  principle,  or  oxygen,  which  i* 
common  to  all  acids.     Thus  sulphur  is  the  radical  of  sulphuric  acid. 

RADIUS.    In  Geometry,  the  le mi-diameter  of  a  circle,  or  a  right  line  drawn 
froin  the  centre  to  the  circumference.    Il  is  implied  in  tbe  definition  of  acircle; 
and  it  is  apparent,  from  its  construction,  that  all  the  radii  of  the 
are  equal.     The  radius  is  somedmes  called,  in  Trigonometry,  the  sinus  lolui^ 

RAJT.  A  Boat  fonned'or  an  assemblage  of  pieces  of  timber  &stencd  together, 
for  the  convenience  of  tnmsportiug  them  without  dispersion ;  or  for  sustaining 
goods  in  transport:  and  sometimes  forthesaringofthe  lives  of  penonsshipwrecked. 
A  few  years  ago,  Mr.  Harrington  took  out  a  patent  for  a  rail  for  transporting 
timber;  the  construction  of  which  is  described  in  the  specitication  to  be  u 
follows ;— Tbe  keel,  stern-post,  and  lowest  limbers  of  the  ribs,  are  to  be  formed 
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and  pat  together  according  to  the  usual  way  of  constructing  an  ordinanr  ship. 
To  form  the  bottom,  halk  timbers  are  to  be  laid  together,  side  by  tide,  length- 
wave  of  the  vessel ;  and  athwart  these,  others  are  to  be  closely  laid,  cutting  their 
ends  to  suit  the  figure,  then  bracing  the  upper  and  lower  timbers  together.  In 
this  manner  the  lower  parts  of  the  vessel  are  to  be  formed,  by  packing  the 
timbers  crosswise  closely,  and  connecting  them  by  bolts  and  screws,  leaving 
proper  spaces  open  for  slipping  in  the  masts.  In  the  upper  part  of  Uiis  raft, 
suitable  oerths  and  cabins  are  to  be  provided  for  the  navigators ;  the  outside  is 
to  be  planked  all  over,  and  caulked,  pitched,  and  tarred  in  the  usual  manner; 
the  masts  and  rigging  are  also  to  be  of  the  ordinary  kind.  This  account  is 
undoubtedly  descriptiTe  of  a  method  of  constructing  a  good  mercantile  raft, 
but  the  novelty  of  tne  principle  of  its  construction  we  do  not  discover. 

Much  ingenuity  baa  been  exercised  in  the  construction  of  life-rafts  in  cases 
of  shipwre^  am(mgst  which  we  may  notice  that  of  Mr.  Canning,  constructed 
of  water-barrels  and  spars,  so  arranged  that  the  parties  on  board  are  suspended 
en  a  platform  high  above  the  water  to  a  horizontal  yard-arm,  preserved  and 
supported  in  that  position  by  cross  spars,  to  which  are  attached  the  floating 
barrels. 

RAFTERS,  in  Building,  are  pieces  of  timber,  which,  standing  in  pairs 
on  the  railing  piece,  meet  in  an  angle  at  the  top,  and  form,  as  it  were,  the  ribs 
of  the  roof. 

RAGSTONE.  A  species  of  blue  stone  with  a  sharp  grit,  employed  for 
sharpening  knives  and  coarse  instruments  upon.  It  is  abundant  in  Kent,  at 
Newcastle,  in  Northumberland,  and  at  Rowley,  in  Staffordshire. 

RAILWAY.  The  origin  of  railways  it  would  be  difficult  to  ^x  any  precise 
date  to.  The  laying  down  of  wheel-tracks  of  some  more  cohesive  material  than 
ordinary  earth,  seems  so  obvious  and  natural  as  to  render  it  extremely  improbable 
that  wooden  ways  in  peculiar  situations  (especially  in  mines)  were  not  brought 
into  use  before  the  period  assigned  to  it  by  writers  on  the  subject.  From  their 
statements  it  would  appear,  that  the  date  of  their  primary  existence  was  in  the 
vear  1670;  at  which  time  coal  came  to  be  extensively  substituted  for  wood  fuel 
m  London  and  other  populous  districts.  At  that  period  the  great  mart  for  coal 
was  Newcastle  upon  Tyne ;  and  the  transport  of  tne  mineral  from  the  mines  to 
the  ships  in  the  river  became  of  great  and  increasing  difficulty,  owing  to  the 
wearing  away  of  the  road,  by  the  constant  traffic  of  the  very  numerous  waggons, 
carts,  and  horses.  Previous  to  the  erection  of  these  railways,  it  was  no  un- 
common thing  for  the  occupiers  of  the  mines,  to  employ  five  or  six  hundred 
horses  and  carts  each,  in  the  same  traffic.  It  therefore  became  an  object  of 
vast  importance  to  adopt  some  plan  of  reducing  the  very  great  expense  incurred 
in  the  keeping  of  so  many  horses  and  drivers,  wear  and  tear  of  carts,  and  the 
making  and  repairing  of  roads.  After  giving  the  subject  much  consideration, 
wooden  rails,  consisting  of  straight  pieces  of  timber,  were  laid  down  and 
embedded  in  the  road.  These  were  found  so  advantageous  at  Newcastle,  that 
they  were  speedily  copied  in  other  mining  districts,  and  remained  in  use  for  a 
considerable  period  of  time.  The  mode  of  constructing  these  rude  railways  was 
as  follows.  After  the  ground  had  been  levelled  and  smoothed,  as  in  the  for- 
mation of  an  ordinary  road,  sleepers,  composed  of  large  logs  of  wood,  and  cut 
into  lengths  corresponding  with  the  breadth  of  the  road,  were  laid  across  it  at 
short  distances,  and  firmly  bedded  into  it,  for  the  purpose  of  supporting  and 
keeping  fast  the  rails  on  which  the  waggon-wheels  were  to  run.  The  rails  were 
connected  end  to  end,  forming  two  continued  lines,  running  in  a  parallel 
direction  on  each  side  of  the  road,  and  crossing  the  large  logs  at  each  of  their 
extremities,  which  formed  the  foundation  for  them  to  rest  upon,  and  to  which 
they  were  nailed,  or  otherwise  secured,  to  keep  them  in  their  places.  Tiie  rails 
were  of  course  very  imperfect,  and  were  rapidly  worn  away,  or  broken,  by  the 
continued  friction  of  the  wheels  upon  them.  In  order  to  repair  or  reconnect 
them  when  their  continuity  or  evenness  was  destroyed,  slips  or  pieces  of  timber 
of  a  smaller  scantling  were  laid  over  the  dilapidated  portions  ;  and  the  strength 
which  the  latter  thus  derived,  led  to  the  introduction  of  double  rails  throughout 
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tbe  line ;  and  thii  improvement  wu  diitioguiitied  by  the  term  of  a  "  double* 
way,"  in  contradiitinction  of  the  former  plan,  afterwards  denaminated  the 
"iingle-way." 


Id  the  lingle-vrey  abore  delineated,  it  ihould  be  observed  that  the  endi  of 
tbe  lUccenivG  roils  neceMarily  met  on  a  sleeper  to  nhich  they  were  fattened; 
but  owing  to  the  continual  concussions  they  were  eubjected  to,  not  only  by  the 
loaded  naggoni,  but  by  the  feet  of  the  draught  horses,  they  soon  became 
loosened,  worn  out,  or  otherwise  deranged.  By  fixing  another  rail  above  the 
fonner,  which  might  be  of  any  length,  and  be  fastened  to  it  in  any  part,  it  not 
only  much  increased  the  strength  of  llie  whole,  but  defended  (he  substructure 
from  wear ;  while  the  upper,  or  covering  rail  when  worn  out  might  be  renewed 
without  materially  dislurbing  the  under.  The  double-rail  also,  being  more 
elevated  from  the  ground,  admilled  of  a  greater  dvplh  of  cinders,  or  other  hard 
substance,  in  order  to  form  a  more  solid  arjd  durable  road  for  the  waggons  and 
horses.  Tbe  annened  diagram  which  is  dos  gned  to  exhibit  a  cross  section  of 
tbe  road,  nill  make   this    i  attcr  dear        \t  a  is  one  of  tbe  sleepers    which  lie 


about  two  feel  apart  across  the  road,  throughout  its  entire  length  b  b  show  tbe 
ends  of  the  under  rails,  which  are  cut  of  a  iinifurm  length,  so  as  to  rest  upon 
three  sleepers ;  so  much  constituted  the  single-way  before  delineated.  At  c  e 
are  the  upper  or  covering  rails,  which  may  he  of  the  length  of  the  whole  balk, 
and  be  fastened  wherever  convenient  to  the  under  rails ;  and  this  addition  Con- 
stituted it  into  a  "  double-way,"  which  term  might  reasonably  be  supposed  to 
imply  a  double  road,  instead  of  a  linrie  one.  Railroads  of  the  lent  ilescribed 
kind  continued  in  use  for  many  years  in  the  collieries  of  the  north  of  Eng'and ; 
and  a  horse  was  found  competent  to  draw  three  tons  of  coals  upon  them. .  The 
waggons  used  were  nearly  of  tbe  present  construction ;  but  their  wheels  of  so 
■mail  a  diameter,  as  to  be  generally  termed  "  rollers."  At  the  declivities,  signifi- 
cantly called  rum,  brakes  were  employed  to  retard  the  progress  of  the  waggons. 
To  avoid  descending  from  the  high  banks  near  the  river,  high  platforms,  called 
tlaitht,  were  erected,  projecting  over  the  water.  On  to  tnese  ilailhs  the 
waggons  were  run  by  a  slightly  inclined  plane,  and  there  discharged  through 
spouts  either  directly  into  the  holds  of  ships  moored  underneath,  or  into 
capacious  intermediate  reservoirs  conveniently  planned  for  the  subsequent 
loading  of  ships. 

In  most  cases  the  wooden  railroads,  from  the  mine  to  the  place  of  ihipmenti 
were  made  bo  as  to  follow  very  nearly  the  undulations  of  the  country  over 
which  they  passed;  ezceplingonlyhereand  there  atvery  sleep  ascents;  and  for 
a  long  period  of  time  no  attempt*  were  mode  to  counteract  the  rapid  descent  of 
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tiM  earriagw  down  the  dtdintiet,  exeept  by  means  of  brakeiy  which,  depending 
whoDy  apon  the  etrength  and  dexterity  c^  the  waggoners,  often  failed,  and 
were  productive  of  many  sad  accidents.  When  cast-iron  wheeb  were  first 
introduced,  they  were  only  used  for  the  fore-axle,  the  wooden  wheels  being 
retained  on  the  hind-axle,  firom  the  idea  that  the  brake  could  only  be  applied 
to  the  wooden  wheels.    At  len^  it  was  contrived,  by  an  extension 


of  the  lever,  to  •pp|y  a  brake  to  the  metallic ;  and  then  all  the  four  wheels  were 
made  of  iron.  Tne  next  improvement  was  the  substitution  of  iron  rails  for 
wood,  which  alone  enabled  the  horse  to  take  double  his  previous  load. 

The  adoption  of  cast4ron  plates  to  cover  and  strengthen  the  wooden  fabric, 
was  the  first  applicatioB  of  metal  to  railways ;  and  this  was  efl&cted  b^  the 
Colebrook-dale  Company,  at  their  iron  works  in  Shropshire,  in  1767.  Thu  in- 
formation we  derive  from  a  published  letter  of  the  ingenious  Homblower,  the 
eontemporary  of  the  celebrated  Watt ;  wherein  he  says,  *'  Railways  have  been 
in  Qse  in  this  kingdom  time  out  of  mind,  and  they  were  usually  formed  of 
acantHngs  of  good  sound  oak,  laid  on  sills  or  sleepers  of  the  same  timber,  and 
pinned  together  with  the  same  stuff*.  But  the  proprietors  of  Colebrook-dale 
Iron  Works,  a  very  respectable  and  opulent  company,  eventually  determined  to 
cover  these  oak  rails  with  castriron,  not  dUoqether  as  a  neeeuanf  expedient  €f 
improvement^  but  in  part  ae  a  weU-^eitea  measure  ofeeonomif  in  support  if 
tkeir  trade.  From  some  adventitious  circumstances,  (which  I  need  not  take 
time  to  relate,)  the  price  of  pigs  became  very  low,  and  their  works  being  of 
great  extent,  in  order  to  keep  the  furnaces  on,  they  diought  it  would  be  the  best 
means  of  stocking  their  pigs,  to  lay  them  on  the  wooden  railways,  as  it  would 
help  to  pay  the  interest  by  reducing  the  repairs  of  the  ruls ;  and  if  iron  should 
take  any  sudden  rise,  there  was  nothing  to  do  but  to  take  them  up,  and  send 
them  away  as  pigs.  But  these  scantlings  of  iron  (as  I  may  call  them)  were  not 
such  as  those  which  are  now  laid  in  some  places ;  they  were  about  five  feet 
loi^,  four  inches  broad,  and  one  inch  and  a  quarter  thick,  with  three  holes,  by 
which  they  were  fastened  to  the  rails,  and  very  complete  it  was  both  in  design 
and  execution.  Hence  it  was  not  difficult,  if  two  persons  on  horseback  should 
meet  on  this  road,  for  either  to  turn  his  horse  out  of  the  road,  which,  on  the 
railways  now  introduced,  would  be  attended  with  some  serious  doubt  as  to  the 
consequences.  But  it  would  be  impossible  on  the  best  raikoays  to  afford  that 
facilUy  of  travelling  which  we  now  enjoy  on  a  spacious  well-managed  road."  So 
able  a  man  as  Homblower  would  never  have  hazarded  this  prediction,  had  the 
plans  for  locomotion  on  rails  as  now  developed,  been  submitted  to  him  as  an 
engineer,  for  his  opinion  of  their  feasibility. 

The  introduction  of  metallic  surfaces  to  wooden  rails  was,  however,  at  first  pro- 
ductive of  serious  evils,  for  the  resistance  of,  or  adhesion  to  the  surface  in  descend- 
ing inclined  planes  was  thereby  so  much  lessened,  that  the  ordinary  brake  was 
found  to  be  quite  ineffective  in  counteracting  the  force  of  gravity.  Recourse  was 
therefore  had  to  the  double  self-acting  inclined  planes,  by  which  the  surplus 
force  of  gravity  of  the  load  descending  one  plane,  was  employed  to  drag  up 
the  empty  waggons  on  the  ascending  plane.  As  the  acting  principle  of 
mechanism  of  this  kind  is  so  very  simple  and  obvious,  we  shaU  not  detain  the 
reader  by  describing  any  of  their  details  in  their  pristine  state,  but  refer  him 
to  the  matured  plans  of  more  recent  times,  which  will  be  described  hereafter 
in  their  proper  place. 

We  now  come  to  the  period  1776,  when  cast-iron  plates  were  used,  not  as 
coverings  to  wooden  rails,  but  in  the  place  of  the  rails  themselves ;  such  plates 
having  cast  to  them  an  upright  ledf  e,  to  keep  the  carriage  wheels  from  running 
off  them.  These  plates,  being  used  by  the  waggons  called  trams,  acquired,  and 
have  ever  since  been  distinguished  by  the  term  "tram-plates."  They  were  the 
subject  of  a  patent  granted  to  Mr.  Carr,  of  the  Sheffield  Colliery,  and  were 
undoubtedly  an  important  improvement,  as  from  the  date  of  the  patent  to  the 
present  time,  they  nave  been  in  constant  requisition  to  an  immense  extent,  both 
on  the  surface,  and  in  mines.  The  form  eiven  to  them,  as  used  in  the  above 
mentioned  colliery,  is  delineated  in  the  foUowing  transverse  section,  a  repre- 
sents an  oaken  sleeper ;  6  6  the  tram-plates  of  cast-iron,  which  are  about  six 
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n  lUc  a 


feet  long,  and  fnalened  down  at  each  end  and  ii 
ileepeii.     tn  silualioni  where  atooc  ia  Icu  valuable  tlian 
malerial  are  aubstituled- 

The  mode  of  faitening  down  Iram-plaWa  bj  boll*  or  ipikei  wai  found  to  bt 
attended  with  several  inconvoniencES,  owing  to  the  otcasional  ptojeclioii  of  ihnr 
hefld«,  iheir  becoming  iooae,  and  hence  bolh  the  plates  and  boln  being  &»• 

auealJy  rtolen,  to  the  entire  iioppage  of  the  traffic  upon  tlie  load.  To  ixmedj 
lEM  evils,  Mr.  Cbarle*  le  Caan.  of  LUnelly,  in  So<ilh  Walei,  contrivwl  a  modi 
of  forming  the  plales,  to  that  no  boiling  or  nuling  was  requisite,  but  each  pUte 


II  the  prev 


Fig.  I  represenla  a  plan  of  Ibe 
juDGlion  of  two  platct,  placed  on  a  stone  sleeper  U  ;  and  Fig  2  shows  •  longi- 
tudinal section  of  the  same.  The  plates  are  joined  by  a  dove-tailed  notcli  and 
tenon/and  an  oblique  plug  is  cast  on  each  pUte,  which  i>  let  into  ibe  stone 
ileeper;  but  for  the  advantage  of  taking  up  the  plates  to  repair  any  defecl. 


there  are  plates  at  every  thirty  j'ardi,  wiFh  perpendicular  plugs;  such  |Jat 
■    e».     The  diameter  of  the  plug  near  the  should 


,.^ ._  one  inch 

inches  and  a  lialf,  and 
A  imall  groove  in  lb* 


are  colled  stop-plates.     The  diameter  of  the  plug 
and  three  quarters,  at  the  point  one  inch,  its  Vngth  t' 
iU  obliquity,  shown  in  Fig.  2,  about  eight  degrei 

whole  length  of  the  exterioi  of  sucb  plug  is  made  lo  aiiow  wn  miwi  m  i"-  ■■ — 
to  expand  in  freeiing  ;  and  it  also  serves  lo  admit  a  wire  (o  draw  a  bioken  plug 
out  by  iL  The  holes  for  the  plugs  iliouid  be  cut  lo  the  depth  of  three  inches 
by  a  standard  gauge  of  cast-iron,  and  countersunk  so  ai  to  allow  the  end  of 
the  plate  lo  bed  firmly  on  the  block  which  (upporu'il.  Fig.  3  is  one  of  the 
^.  2.  fij.  3. 


ends  <ff  a  tram-plate,  in  which  U  show*  the  flaage  or  upright  edge ;  I  the  flat 
part  or  sole,  in  which  the  wheels  of  the  waggon  run  ;  D  one  of  the  plugs;  and 
K  a  projection  behind,  to  render  the  plalei  hrmer  upon  the  blocks.  The  usual 
lenglj)  of  one  plate  is  three  feet;  the  flaoch  H  is  one  and  a  half  inch  high; 
the  sole,  or  bed,  three  and  a  half,  or  four  inches  broad,  and  thTee-founhs  of  an 
inch  thick  ;  but  these  dimensions  are  varied  according  to  circumstances.  The 
most  approved  weight  has  been  forty-two  pounds  for  each  plate  ;  the  ends  from 
which  the  plugs  project,  under  which  the  tenons  and  notches  arc  made,  should 
be  a  quarter  of  an  inch  thicker  than  the  other  parts  of  the  plate.  The  weight 
of  the  blocks  or  sleepers  should  not  be  less  than  about  I2D  pounds  each ;  and 
some  kinds  of  ground  will  require  heavier.  In  this  method  the  wheels  of  the 
waggons  cannot  be  obstructed  by  the  heads  of  the  nails  rising  above  the  surface, 
and  the  blacks  are  not  disturbed  by  filing  the  plates ;  and  when  repairs  are 
necessary,  the  plates  must  be  formed  for  the  puipose.  When  tram-plates  are 
fined  by  spikes  to  stone  sleepers,  there  is  some  difficulty  in  keeping  the  joint 
even  and  in  its  place ;  but  it  seems  (o  be  successfully  obviated  by  using  n 
saddle-pin  to  receive  the  ends  of  the  nails  at  the  joinls,  an  improvement  which 
was  introduced  by  Mr.  Wilson  on  the  Troon  trnmroad. 

Tramroads  are  much  esteemed  in  Wales;  and  in  consequence  of  using  them, 
it  is  found  desirable  lo  divide  the  pressure  upon  the  rails  a*  much  as  possible; 
hence,  small  carriages  are  used,  and  these  lead  to  small  wheels,  so  that  the  eSect 
of  a  given  power  is  not  above  half  what  it  ought  to  be ;  and  yet  the  enormous 
increase  of  railroads  in  Wales  renders  it  evident  ibat  some  benefit  it  received 
from  adopting  this  system  of  conveyance.  In  1791,  there  was  scarcely  asingle 
■ailway  ir.  South  Wales;  and  in  1811,  the  complete  railroads  connected  with 
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xiaalii  eollicriei,  Ac.  in  Monmimthihirc.  (ilamorgiuiihirp,  and  Caermsrlhen- 
ihiie,  amounted  to  nearly  ISO  wiles  in  lenglli,  excliuive  of  under-ground  ones, 
>f  vhich  one  company  in  Merthyr  Tydvil  pouened  about  thirty  mUet ;  sitice 
nbieh  period   the  linei  have  been  extended  to,   at  llie  leasl,  five  hundred 

It  now  beconiet  proper  tu  introduce  lome  notieB  of  tdgt  rails,  the  lue  of 
vliicb  is  ao  generally  and  justly  preferred  to  the  tram  plate.  Their  origin  it 
vmild  be  difficult  to  trace  with  any  precision  ;  and  it  is  a  quettion  of  «□  little 
monieDt,  as  lo  be  harilly  worth  the  trouble  of  investigation,  Soino  of  the 
modeo  rails  partook  of  [lie  usual  shape,  especially  when  capped  with  a  plale 
of  iron :  hence  a  transition  to  more  judicious  forma  and  more  jiennnncnt 
mAterials  was  easy. 

The  earliest  complete  edge  rail  which  we  know  of  was  niailu  of  nut-iron,  in 
17S9,  by  Mr.  Jessop,  at  Loughborough,  the  upper  surface  of  which  was  flat, 
EUid  the  under  of  an  elliptical  shape.  But  this  eppeoTj  to  have  been  so  liltlu 
known  to  engineers,  tiiat  we  lind  Mr.  Denjamin  Wyatl  making  use  of  a  cast- 
iron  edge  rail  in  1S00,  and  imagining  himself  lo  be  the  inventor.  The  form 
at  his  rail  was  indeed  quite  original,  and  ouglit  not  therefore  to  be  omitted  in 
this  sketch.     It  is  thus  described  by  himself:— 

"  The  roil  hitherto  made  use  of  in  most  railways  is  a  flat  one,  3  feet  in 
length,  with  a  rib  on  one  edge,  to  give  it  strength,  and  lo  prevent  the  wheels. 

which   have  «  flat  rim,  from  r — = ""     •"—-■—  ■■—  -l ■'- 

fire^uently  obstructed  bjr  stonei 
obliged  to  be  fadened  to  tingle  Mmei  oi 
mfficiently  aboTc  the  silli  to  adait  of  n 
rib  itandiog  up  wai  dangerous  for  the  lii 

applitd  He  wrong  tuay  ;  unrl  th.it  Uk^  siinnti-  oiimii  |>imiiii.i' 11.-33  iiuliui.  .  icu 
me  to  consider  if  some  better  form  of  rail  could  not  be  applied.  The  oral 
pnMnted  itself  «s  the  best  adapted  to  correct  all  the  faults  of  the  flat  rail, 
■nd  1  have  the  satisfaction  to  say  that  it  has  completely  answered  tlie  pur- 
poae  in  a  raOwaj  lately  executed  for  Lord  Penrbyn,  from  bis  lordship's  slate 
qnvriei  in  Caemarvor  shire  lo  Fort  Penrhyn,  the  place  of  shipping.  The 
wheel  made  use  of  on  these  rails,  has  a  coucave  riot,  so  contrived  m  its  form, 
kod  the  wheels  so  fixed  upon  their  axes,  as  to  move  with  the  greatest  facility  on 
the  sharpest  curves  that  can  be  required."  In  the  annexed  section,  a  represents 
the  rail,  which  is  2  inches  deep  and  1}  inch  thick  hori2untBlly  ; 
the  lower  liiirl.  b,  ii  coat  to  each  end  of  the  rati,  3  inches  long,  to 
let  into  th«  silli,  which  have  a  dove-tailed  notch  to  receive 
them.  The  advantages  of  this  fonn  were  aaid  to  be,  that  no  dirt 
can  lodge  upon  it;  that  it  is  strong  for  Its  weight,  and  calculated 
to  resist  both  the  lateral  and  perpendicoUr  ptesanre ;  thai  it  mutt 
occasion  hut  little  friction ;  that  it  may  be  placed  on  the  siIIb  so  aa 
-  lo  admit  a  sufficient  quantity  of  gravd  to  cover  them,  and'preieiit 
DO  danger  to  the  horses.  The j  were  cast  4  feet  0  inchet  long,  and  wraghed 
36paunds  each. 

The  Penrhyn  railway  is  six  miles  and  ■  quarter  in  lengtii,  divided  into  five 
stages.  It  ha*  three.«igbtbs  of  an  inch  fall  sn  a  yard,  wi£  three  incline! :  wai 
begun  in  October  ISOO,  and  finished  in  Jnly  1801.    The  aimexed  sketch 


(howsthekindof  waggons  that  were  used  on  this  railway,  twen^four  of  whi^ 
containing24  tons,  were  drawn  by  two  bonei  (oneitwe)  tiztimesaday;  which 
is  144  tons  per  day,  drawn  6}  milea  per  day.    Tnu  quantity  of  work  was 
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previoutly  perTonncd  by  H4  caitt,  and  400  horws :  lo  lliat  ten  hontt  will  1^ 
Rieaniof  thii  railwBy  da  ihe  Work  at  /inif  liandred! 

It  wu  however  fuund  tbat  the  oval-formed  rail  had  a  tendency  to  wtv  tfa* 
concave  rimi  of  the  wheeli  very  lajt  into  holtowi,  which  fitted  so  light  upoK 

the  rail  ai  lo  creale  gieal  friction,  and  render  it  recesiary  to  cliange  the  «hc(l« 
very  ofiea.    It  was  HCcorJiogly  proposed  to  aubatitule  for  them  a  rail  «nd  wbed 


SECOND   ERA. 

Tq  Travilhick  and  Viviati,  ulio  were  engineers  at  Camboine,  in  Comw^ 
b«iungi  we  believe  the  honour  of  having  invented  and  carried  iulo  praclio* 
loeamotive  enginei.  This  single  event  Ibrmi  an  era,  not  only  in  mechanical 
acience,  but  also  in  our  social  relations ;  as  il  is  calculated  to  bring  about  ■ 
more  extensive  and  beoeiicial  change  Ihao  almost  any  other  event  on  th*  pagw 
of  history,  by  placing  the  arix,  ai-iencta,  knowledge,  convenieocca,  comfor^ 
nianiifacturea,  and  produce,  peculiar  to  each  remote  place  or  district  within  Um 
reach  of  all- 

We  should  not  omit  to  notice,  that  the  possibility  of  applying  the  power  d 
the  sleam  engine  was  menUoned  by  several  niEchanics,  soon  after  it  wat  hronght 
into  a  practicable  form  by  Savery,  Newcomen.  and  olhert,  in  the  early  part  f 
the  last  century;  and  towards  the  latter  part  (I7tijj,  the  celebrated  J  amea  W« 
menliontd  the  lubject  in  hia  speciUcation  of  tliat  date,  seemingly  with  the  viei 
of  rrcarJing  himself  as  the  inventor;  but  he  never  Jiai/<  a  iteam  carriage;  an 
ibc  machine  which  be  suggested  under  hii  general  patent,  was  designed  for  tli_ 
common  road-  "  A  carriage  for  two  pertoiu,  miglil  (tie  obwrved)  be  moved  wi(k 
a  cylinder  of  seven  inches  in  diameter,  when  l!ie  piston  bad  a  stroke  of  one  &a^ 
and  made  sixty  slrokea  a  minute."  In  a  note  to  a  late  edition  of  Dr.  Ilohinaoii'fl 
mechanical  Philosophy,  Mr.  Watt  ■tatci :  "  1  toon  relinquished  the  ide»  ef 
constructing  an  engine  on  this  principle,  from  being  seniible  it  would  be  liablp 
lo  some  of  the  objections  against  Savery'i  engine,  vii,  tlie  danger  uf  biu«tiii| 
the  bailer,  and  also  that  a  great  pan  of  the  power  of  the  steam  would  b«  lan^ 
because  no  vacuum  was  formed  to  asiiat  the  descent  of  the  piston."  Thii 
extract  alTords  clear  evidence  of  two  important  facta.  The  Jirif,  that  Mr.  Watt 
did  not  entertain  the  idea  of  applying  his  crude  scheme  to  railways,  althoiuli 
there  were  many  in  active  operation  in  the  North  uf  England,  and  somefew  n 
Wales.  The  ttcond  fact  is,  that  Mr.  Watt  acknowledged  the  incompetency  of 
his  own  scheme  to  efiect  the  object  designed. 

In  the  fomiidable  ijualities  which  had  eieilcd  the  fear  of  Wall  and  othen, 
Trcviihick  and  Vivian  perceived  those  very  propcrtica  which  filled  il  lo  becana 
the  aclualing  principle  of  their  mechanism.  Above  all  other  consideraliMM 
which  swayed  them  in  the  preference  of  sleam  of  a  high  temperature,  wa>  ih* 
puwei  it  gave  uf  diipenaliig  with  the  use  of  the  condeiiacr  otto^Iher ;  a  part 
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which,  tnmt  iU  cumbronmna,  and  (lie  difficulty  of  supplying  it  vlth  vater, 
Tendered  it  for  ioferior  erna  to  Newcomen's  imperfevl  appia^tu*  furlocomolivs 
imrposea. 

Being  unproTided  witli  an  aulhenlic  drawing  of  Trevithick  and  Vi.ian't 
locotnolive,  we  will  endeavour  lo  explain  iU  arrangcnients  with  euch  diagram! 
as  we  have  ID  our  posfenion.  The  annexed,  we  arc  infutmed,  is  a  sectional 
sketch  from  one  o(  their  engines,  containing  the  umc  leading  featuieB  as  their 
locomotive. 


Aia  ah  a  cjlindrical  boiler,  with  a  fire  door  at  b,  at  one  eudof  the  cylinder; 
e  e  il  the  fire-pkce,  from  which  proceedi  the  principal  flue,  the  parta  being 
iliown  by  data,  as  thejr  are  supposed  to  be  ailuated  on  one  lide  of  the  Tettical 
plane,  through  vthich  our  lection  h  made  ;  the  flue,  tberefoie,  ii  turned  at  the 
circle  e,  then  recurved  and  continued  to  the  chimney  j.  This  arrangement  of 
fornace  and  flue  within  the  boiler  haa  been  ever  aince  diatinguiihed  by  the 
name  of  its  inventor,  Trerithick,  and  haa  been  more  nied  than  any  other,  on 
account  of  its  economy  in  the  con3Ui.''.ption  of  fuel.  The  lower  part  of  the 
working  cylinder  h  u  immened  in  the  boiler,  and  the  upper  hu  a  jacket, 
■round  which  the  freah  hot  aleam  circulates  freely,  so  that  Do  loai  of  power 
can  be  sustained  by  the  cooling  influence  of  the  air  upon  the  cylinder,  as  was 
previoualy  the  case.  Above  Uie  cylinder  ii  the  foui^way  cock  i,  for  admitting 
and  discharging  the  ateam  alternately  ;  in  the  latter  operation  the  waste  ateam 
was  diacharged  along  a  pipe,  j,  into  the  chimney,  which,  by  increasing  the 
drauglil  through  the  fire,  augments  the  production  of  ateam,  and  geta  rid  of  the 
nuisance  of'ihe  waste  steam,  in  a  manner  so  deairable  as  to  render  it  now  indit- 
pensable.  The  upper  end  of  the  piston  rod  is  fumiahed  with  a  cross  head,  which 
11  placed  in  a  direction  at  right  angles  to  the  length  of  the  boiler,  and  parallel 
to  each  other.  To  (he  ends  of  this  cross  head  are  joined  [wo  connecting  rods, 
the  lower  ends  of  which  work  two  cranks,  fixed  in  the  eitremitiea  of  the  axis 
which  carries  the  running  wheels,  the  axis  extending  acroas  and  beneath  th« 
boiler,  and  immediately  under  the  centre  of  the  steam  cylinder.  This  arrange 
ment  is  shown  in /'i^.  1  of  tlie  followingdiagrams,  extracted  from  Mr.Gordon's 


Trcatisi 


"  Elemental  Locomotion,    which  state*  it  to  be  an  end  elevation 
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e  chunn^*,  and  hu  ihowa 
le  educ^on  pipe  ai  diicbarging  the  steun  directly  into  the  atminpbere. 
F^.  2.  fig.  1. 


The  next  itiT«iition  which  we  have  to  notice,  in  accordance  with  our  chrono- 
logical order,  ii  that  of  an  improved  eaat-iron  rail  or  plate,  which  has  been 
5 roved  in  nmnenius  litaaiiaDi  to  be  highly  meful ;  it  wm  patented  by  Mr. 
.  WoodhouM,  of  A<hby-de-la-Zouch,  in  1803.  The  apecificaaon  deacribea 
TanotiB  modifieatioDi  of  the  plao,  showing  it«  am>tication  to  gravelled  roads, 
paved  roads,  or  streets,  And  to  railways.  But  the  following  diagram  will  suffice 
to  ihow  its  application  to  the  letter  object,  and  its  adaplalion  lo  the  other 
objects  may  be  as  readily  conceived.  At  a  a  is  the  roil  or  plate,  (he  upper 
surface  of  which  it  made  concave,  as  shown  in  theeecdon  in  fig   I.    The 


and  the  mode  of  mppor^Dg  and  fastening  Ihelr  endi 
b  b  b.  The  bearingi  nuy  be  made  of  timber,  stone,  ■ 
and  tho  pUtcf  lized  by  screw  or  colter  bulla.   The  road 


Fig.    2, 
be  made  even  with 
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nn^wr  nti  matenalt,  and  the  tails  «ill  tlien,  the  patLQUe  lUtes,  be  inimoTsble. 
It  wu  likcwife  intended  lo  use  the  said  boUaw  rails  or  plates  as  water-conduita 
otgutt^n,  to  wliich  object  they  hare  been  frequently  and  are  now  applied  in 
many  piuts  of  London  and  elsewhere.  Indeed,  the  design  Is  «o  complete,  oa  to 
adopt  llielf,  vith  ilight  alterBtioni,  In  many  siluations  and  purpunei. 

Tbe  improv omenta  efiecled  on  the  I'enryhn  railway  before  mentioned  naturally 
led  10  amriiaiBliong  in  tlie  ilruc-tuie  o(  similar  works  eliewliere,  which  waa 


eipeeially  olMervable  on  the  bmki  of  ihe  Tyne  and  Wenr.  The  expense  of  the 
traiuil  of  cobU  forms  so  eoniiderable  a  proportion  of  their  money  coit,  that  the 
Dwnrn  are  always  alive  to  any  decided  aavine  Ihnt  may  be  effected  therein. 
Ill  the  en^iings  above,  fig.  1  represents  a  side  view,  fig.  2  a  plan,  and  Fig.  3 
B  uraM  Motion  of  a  nuf-trsn  edge-rail,  of  the  form  which  bu  been  exleniively 
adapted  in  the  disthcli  above  mentioned.  The  waggons  run  upon  the  rounded 
eiige  of  the  raQ,  whioh  is  smooth,  and  laid  as  evenly  and  regularly  as  possible. 
The  length  of  these  tmU  is  tisually  threu  feel,  with  a  depth  of  about  four  jnchei 
a/id  a  half  in  ibe  middle,  and  breadth  of  the  top  two  incbes ;  but  ii 
railway!  the  rails  are  four  feel  long.  The  ends  of  the  rails  meet  in  a  i 
cnt-iron,  called  a  chair  (see  Fig.  4j,  and  the  chairs  are  fixed  lo  stone  blocka  oi 
•teepera,  with  a  broad  base,  and  weighing  from  one  and  a  half  to  two  hundred 
weight.  These  are  firmly  bedded  In  the  ground,  and  adjusted  lo  a  proper  plane 
Ibr  Ihe  road  before  the  chairs  are  connected  to  them.  The  BoodDcis  of  the 
road  of  couraa  depends  much  on  fiiting  the  sleepers  ii 
In  Fig.  1  the  aide  view  of  the  rail  C  is  shown,  supported  at  the  extremities  A  B 
br  Mtl-iron  chairs  E  E,  which  rest  on  the  itone  blocks,  or  tleepera,  D  D. 
.r^.  3,  the  plan,  shows  the  scarf  joints,  where  the  ends  of  the  rails  meet  in  the 
iron  chuia  E  E.  Fig.  3,  the  cross  suction  of  the  rail  taken  at  C,  in  Fig.  1, 
«hiah  il  the  middle  ot  its  lengtli.  Fig.  4  ia  a  cross  section  at  B,  through  the 
joint  chair  and  supporting  blocks. 

Up  to  this  period  iu  the  hislory  of  ruilways,  it  dues  not  appear  that  any 
other  power  of  draught  or  propulsion  was  employed  but  that  of  korses,  except, 
occxtioiMslly,  of  fixed  cngine«  al  inclined  planes. 

In  the  year  181 1,  a  patent  was  taken  out  by  Mr  John  Btenkinsop,  cool  viev 
Af  UiddlotoD,  in  Yorkshire,  for  "  certain  mechanical  means  by  which  ihe  c 
vejanot  of  coals,  minerals,  and  other  articles  is  facilitated,  and  the  expci 
Attending  the  same  rendered  less  ihou  heretofore."    The  specification  of  this 
tial«iit  informs  m  that  it  consists  oF  ihe  application  of  a  rack  or  toothed  r,   ' 
lAid  down  ou  one  tiilj  of  ihc  roadway  fruin  vod  ti 


a  cud.     Into  this  rack  u 
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idea  of  Mr.  Blenkiii' 


«op  9  plan.  The  boLler  x  in  placed  on  a  wooden  or  cast  iron  fraine  y-  Throueli 
iU  interior  passes  a  irrou^ht-iroTi  lube,  ofsiiSieient  diameter  to  hold  the  fire 
nnd  grate ;  this  tube  ii  carried  nut  at  the  farther  end  of  the  boiler,  when  it  in 
bent  upwards,  and  continued  sufficiently  high  to  form  the  chimney  i.  a  a  are 
tno  working  cylindeii  fixed  in  the  boiler,  and  which  work  in  the  naual  waj  ; 
the  piiton  rods  are  connected  bf  crosa  heads  to  the  connecting  roda  h  b.  These 
connecting  roda  are  brought  down  on  each  side  of  the  boiler,  and-there  joined 
to  tfae  cranks  c  c,  (there  oeing  corresponding  cranks  on  the  other  side  of  the 
mwhine,)  which  are  placed  alright  angles  to  each  other  ;  coniequenlly  the  two 
cranks  on  the  first  shiiA  are  horizontal,  and  at  their  greatest  power,  at  the  lime 
tlte  other  two  are  passing  the  centre.  Upon  these  shafts  are  fixed  (under  tb« 
boiler)  Iwo  imall  toothed  wheels,  which  give  motion  to  a  larger  toothed  wheel 
fixed  upon  an  intermediate  axis.  A  tooled  wheel/is  firmly  keyed  to  the  end 
of  the  same  and  revolves  with  the  intermediate  wheeL  The  teeth  of/ correspond 
witli,  and  work  into  a  rack  R  R,  stretched  along  one  side  of  the  railwaj. 
Motion,  therefore,  is  given  by  tlte  pistons  to  the  wheels  d  d,  which  they  com- 
municate to  the  cog-wheel/;  n  pri^ressive  movement  being  given  to  (he 
carriage  by  the  teclh  of/ taking  hold  of  the  rack. 

The  communicBlJon  of  the  preasure  of  the  steam  upon  the  piston  through 
the  connecting  md  and  cranks,  it  is  said,  produced  great  nmse,  and  in  wme 
parts  of  the  stroke  great  jerks,  each  cylinder  alternately  propelling  or  becoming 
propelled  by  the  other,  as  the  pressure  of  the  one  upon  (he  wheris  become 
greater  or  less  than  the  pressure  of  the  other;  and  when  the  lecth  became  worn, 
they  produced  n  rattling  noise.  Mr.  Galloway  states  that  several  of  these 
engines  were  constantly  employed  in  drawing  coal-waggoni  between  Middlcton 
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Co|[i«7  uiil  Leeda  ;  and  with  refOTCTice  to  their  effecliTeneu,  the  following  p«r- 
liculars  wore  gircn  by  Mr.  Blrnlciniop  in  reply  to  querici  put  to  him  by  Sir 
John  Sbciair.  He  sulad  that  bis  patent  locomolivi'  engine,  with  two  eight' 
inch  cylindera,  weight  five  toni;  consumes  two-thirda  of  a  hundred  weight  of 
eoali,  ind  fiRy  golloni  of  water  per  hour ;  draw*  twenly-ieven  waggoni,  weigh- 
ing ninety-four  tons,  on  a  dead  level,  at  three  and  ■  half  milei  per  hour;  or 
fifleen  toM  Up  an  a»eent  of  two  inchei  in  the  yard;  when  lightly  "loaded"  it 
traTcU  ten  milea  an  bour,  do»  the  work  of  liiteeD  horMs  in  tweWe  hours,  and 
tuM*400/. 

In  the  following  year,  IS12,  Meun.  William  Chapman,  of  Durham,  and 
B.  W.  Cbapmaa,  of  Wallsend,  Northumberland,  took  out  a  patent  for  "  a 
method  or  methods  of  facilitating  the  meana,  and  reducing  the  eipcnie  of  car- 
nags  on  railways  and  other  roada  ; "  which  they  deactibe  at  chiefly  constating  in 
the  use  of  a  chain,  or  other  flexible  and  continuoua  aubitance  stretched  along 
«be  road  to  be  (ravelled,  properly  secured  at  each  end,  and  at  auilable  intervals ; 
and  in  the  application  of  thia  chain  round,  or  partially  round  a  grooved  barrel 
or  wheel,  in  such  manner  as  not  to  slip  when  thia  grooved  wheel,  which  is  fitted 
upon,  before,  or  l>ehind  a  carriage  containing  the  niDllTe  power,  shall  be  put  in 
motion  by  that  power,  ao  that  by  the  revolution  of  the  grooved  barrel  round  its 
aJtis,  either  one  way  or  the  other,  it  shall  necessarily  draw  the  aaid  caniiige,  and 
any  others  which  may  he  attached  to  It,  within  its  power  of  action.  Aa  the 
evriage  containing  the  motive  power,  when  thus*  loaded,  may  he  too  heavy  in 
■omo  instances  for  the  exiating  iron  or  wooden  rails,  if  it  retted  on  four  wbeela 
only,  Mesira.  Chapman  propoaed  to  use  six  or  eight  wheels,  in  order  that  the; 


might  more  freely  roo*«  round  curre*  in  the  road,  and  that  the  weight  might  be 
more  diitrihuted  thereon  ;  the  pressure  being  thua  reduced  upon  each  bearitir 
pmnt,  in  the  iuTene  proportion  of  the  number  of  wheels.  The  meant  adoplea 
by  the  patentees  for  carrying  their  ioTention  into  effect,  are  described  at  conii- 
derable  length,  with  explanatory  drawing  in  their  apecilication ;  butaa  Hr. 
Wood  infonui  ui  that  the  ^[diMlioB  of  it  failed  at  the  HeatoD  CoUicir,  whera 
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it  KM  for  B  Lnie  put  into  practical  operation,  and  u  the  dptails  of  il  .  __ 
occupy  loo  large  a  tpace  in  our  pafe*.  if  inierted,  we  ■hall  refer  ihe  rea<br  Hlr 
the  enraUed  dDcumeDt  for  tbem.  The  cause  of  the  failure  just  tneDtiDoed  i< 
slated  to  have  been  owing  lo  the  waite  of  power  ariling  from  the  excenhre 
friction  of  the  chain.  Tliere  are  one  or  two  incidentar  ohaervationa  in  the 
Gpecifica^on  vhich  ought  not  perhaps  to  pa«i  unnoticed.  Alluiion  Ii  made  to 
the  pouitiility  oF  employing  injlammablt  gai  as  the  matire  pon  er,  which,  mixl 
of  our  reodera  are  aware,  was  a  few  yean  Hgo  carried  into  eflwt  by  the  inceiiiaua 
Snuiuel  Brown.  We  olno  remark,  althouc;^  i(  is  of  tittle  moment,  that  the  tpe- 
cificadon  coniaini  the  first  proposition  we  have  met  with  for  emplojFJuff  the 
common  winnowing  machine  lo  I'orve  a  current  of  air  under  the  lire-|dace. 
Tlie  annexed  engraving  exliibila  an  elera^on  of  one  of  the  locaniotive  engine* 
jf  Meura.  Chapman,  which  wa»  employed  oti  the  Heatoti  Colliery.  The  boiler 
coniiits  of  a  large  cylinder,  of  tlieTrevithick  kind,  wilh  ihefumlceand  a  double 
or  retum  flue  passing  through  it  to  tlie  chiuinej,  situate  on  one  side  of  the  lire 
door;  opposite  to  which  is  a  chest  containing  the  tiiel  of  supply.  The  sleam 
chamber  is  a  large  vertical  cylinder,  from  which  proceeds  laieraily  b  pipe  to 
conduct  Ihe  ileam  (o  two  veriicol  cylinden,  fixed  on  either  side  of  the  boiler. 
The  motion  of  the  piston  rods  actuated  two  vibrating  beams,  to  which  wer« 
appended  two  connecting  rods,  whoee  lower  extremities  worked  two  revolving 
cranks,  carrying  on  their  axis,  spur  gecr,  which,  llirough  Ihe  medium  of  a  trwn 
of  toothed  wheels,  shewn,  gave  siniiillaDeous  motion  to  all  the  ninninE  wheels. 
The  weight  of  thia  engine,  with  its  water  and  fuel,  wo  are  informed  was  aii 
tons;  and  it  woa  set  to  work  in  December  IBI2,  upon  the  railway  leading  fmtn 
Mr.  J.  G.  Lambton's  collieries  to  the  river  Wear.  It  drew  after  it  18  loaded 
coal  waggons,  weighing  54  lani,  up  a  gentle  ascent  riling  -^  of  an  inch  to  a 
yard  (or  46  feet  in  a  mile)  at  the  rate  of  four  miles  an  hour.  The  power  of  the 
engine  was  applied  to  the  running  wheels  as  already  described ;  and  it  stas 
found'that  their  reiiilance  lo  slipping  upon  the  raili  was  the  utmost  power  it 
could  ciert  in  drawing  waggons  after  it,  which  in  this  instance  was  carried  le 
the  extreme  1  for  although  the  friction  was  equal  to  the  drawing  forward  tho 
train  of  eighteen  waggons,  after  they  were  fairly  in  mation,  it  did  not  overcome 
their  nil  inertia  until  after  «  conaiderahle  ilippiiig  of  Ihe  wheels  of  the  carriage. 
We  now  come  to  the  description  of  a  machine  of  great  sin^lonty,  and 
which  strongly  atleiu  the  ingenuity  of  the  contriver,  Mr.  William  Brunton, 
of  the  Butterlj  Iron  works,  in  Derbyshire,  and  for  which  he  took  out  patents. 
ItcoDsisti  in  a  curious  combination  of  levers,  the  action  of  which  nearly  resembles 
that  of  the  lees  of  n  man  in  walking,  whose  feet  are  alternately  made  to 
press  against  the  ground  of  the  road  or  railway,  and  in  such  a  manner  as  to 
adapt  themselves  lo  the  various  inctinationB  or  inequalities  of  the  surfact^.  The 
following  engraving  represents  this  engine,  which  the  inventor  called  hit 
"  UEcnitKicAL  TaivELLKR."  The  boiler  is  nearly  similar  to  that  which  we  last 
described.  The  cylinder  a  is  placed  on  one  side  of  the  boiler;  the  piston  rod 
is  projected  out  behind  horiiontally,  and  is  attached  to  the  leg  ab  at  d,  and  to 
the  reciprocating  jointed  bent  lever  above ;  at  the  lower  extremity  of  the  leg 
a  b  feet  ore  attached  by  a  joint  at  b;  these  feel  lay  a  firmer  hold  on  the  ground, 
being  furnished  with  short  prongs,  which  prevetit  them  from  slipping ;  and  axe 
sufficiently  hroad  to  prevent  their  injuring  the  road.     When  the  piston  rod  is 

Iirnjected  out  from  the  cylinder,  it  will  tend  to  push  the  end  of  the  lever,  of 
eg  a,  from  it,  in  a  dlreclion  parallel  to  the  line  of  the  cylinder;  but,  as  tli« 
leg  a  £  is  prevented  from  moving  backwards  by  the  end  b  being  firmly  fixed 
upon  the  ground,  the  reaciion  is  thrown  upon  the  carriage,  and  a  progreuive 
motion  given  to  it,  and  this  will  be  conlinued  to  the  end  of  the  stroke.  Upon 
the  first  reciprocating  lever  is  fixed  at  I,  a  rod  1  2  3  sliding  horizontally  back- 
wards and  forwards  upon  Ihe  top  of  the  boiler ;  from  2  to  3  it  ii  furnished  with 
teeth,  which  work  intoo  cog-wheel,  lying  horizontally;  on  the  opposite  sida  oT 
this  cog-wheel  a  sliding  rack  it  filed  similar  to  1  2  3,  which,  as  tlie  cng-wheel 
is  turned  round  by  the  sliding  rack  2  3,  is  also  moved  backwards  and  forwards, 
The  end  of  this  sliding  rod  is  fixed  upon  the  other  reciprocating  lever  of  the 
leg  de  iii.    When,  thererort',  the  sliding  rack  is  moved  forwards  in  the  direi>- 
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iiaa  3  2  1,  by  the  progrenive  motion  of  tbe  engine,  and  when  tbe  piiton  rod 
)■  M  the  farthett  extiemiiy  of  tht  iCrokt,  the  leg  de  trill  be  brought  close  to 
the  eagine ;  the  piston  is  then  made  to  return  in  the  opposite  directioDvinoTing 
mith  it  the  leg  a  b,  and  alio  (he  iliding  rack  12  3;  lEie  sliding  rack  acting  on 
the  toDlh  wLhcI  causes  the  other  sliding  rod  to  move  in  the  opposite  directiijTi, 
and  with  it  the  Ug  d  t.  Whenever,  therefore,  the  piston  is  at  the  end  of  the 
(troke,  and  one  of  the  legs  is  no  longer  of  use  to  propel  the  engine  farsrard,  the 


Dihf  r,  immediately  on  tbt  molion  of  tlie  piston  being  changed,  ii  ready,  in  iu 
turn,  to  Bd  OS  on  abutment  for  tlie  lulion  of  the  moving  povet  to  secure 
the  continued  progroisjve  motion  of  tlie  en[;ine.  The  feet  are  rui<ed  fiom  tbe 
ground  dining  tbe  return  of  the  [egi  to  the  engine,  by  straps  of  leather  or 
rope  fastened  to  llie  legs  BXff,  passing  over  friction  sheaves,  movable  in  one 
direction  only,  by  a  ratchet  and  catch,  worked  by  the  motion  of  the  engine. 

The  boiler  vos  a  cylinder  of  vroughl  iron.  S  feet  6  inches  long,  3  feet  in 
diameter,  and  of  such  strength  aa  to  be  capable  of  itiitaining  a  pressure  of 
upwards  of  -100  pounds  per  square  inch.  The  working  cylinder  wai  6  inches 
in  diameter,  and  (be  piiton  had  a  stroke  of  24  inches,  the  step  of  the  feet  was 
36  inches,  and  tbe  whole  machine,  including  water,  weighed  about  45  cwt. 
When  placed  upon  a  railway,  Mr.  Brunton  found  that  it  required  to  move  it 
at  the  rate  of  2|  miles  per  hour,  a  power  equal  to  the  constant  preiaure  of  84 
pounds.  He  then  applied  a  chain  to  Ihe  binder  part  of  tbe  machine,  by 
which  as  the  machine  moved  fiirward,  a  weight  was  raised  at  tbe  same  time 
and  rate ;  and  be  found  thai  with  Blenm  equal  to  40  or  451b>.  pressure  upon 
the  square  inch,  the  machine  was  propelled  at  tbe  rate  of  2\  miles  per  hour, 
and  raised  1 12  lbs.  at  the  same  speed  j  thus  making  the  whole  power  S96lbE., 
St  2}  miles,  which,  at  150  lbs.  the  horse  power,  is  equal  to  about  sii  horses ; 
but  the  machine  was  only  designed  to  insure  4  horses'  power,  and  to  work  upon 
■  railway  rising  one  in  thirty-six. 

To  get  rid  of  tbe  curabiuus  wheels  and  pistons,  and  avoid  tbe  jerks  and 
concussions  consequent  upon  Mr.  Blenkiusop's  arrangeoient.  we  And  Mr.  Ralph 
Dodd  and  Mr.  George  Stephenson  taking  out  a  joint  patent  '•  for  Tarions  im- 
prOTenienti  in  the  construction  of  locomotiTe  engines,"  which  was  dated  Feb. 
28,  1815.  It  consisted  of  the  application  of  a  pin  upon  one  of  ibe  spokes  of 
Ae  mnning  wheels  that  suppnricd  the  engine;  the  lower  end  of  the  connect- 
ing-rod being  attached  to  the  pin,  and  (lie  upper  end  lo  the  ciuss-head  of 
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the  pUton  rod.  vorliFd  up  uni]  down  by  the  piston.  (The  follaving  engixTing 
tenet  to  explain  Ihii  iDveotion,  although  it  brlongi  co  the  pitenled  imprare- 
menta  aubsequetilly  introduced  by  Mr.  Lcnh,  in  mnjuiictian  with  Mr.  Steveiinn; 
Mr.  Dodd'i  prerlous  inrention  being  combined  lliereic.)  ab  Tepreient*  tbr 
connecting-rod.  the  end  a  attached  to  the  cron-head,  and  ibe  end  b  to  one  of 
the  apokes  of  the  vrheel  j  in  lllce  manner  the  end  d  of  the  other  connecting-rod 
i>  attaclied  to  the  beHm  of  the  other  piston,  snd  the  lower  end  to  ■  pin  fixed  in 
the  ipokea  of  the  wheel  B.  By  theae  meani  the  reciprocating  motion  of  the 
pifton  and  connecting-rod  u  converted,  by  the  pin  upon  the  apokes  acting  u  ■ 
crank,  into  a  rotatory  motion,  and  the  continuatjon  of  thia  motion  aecured  by 
tlie  one  pin  or  crank  being  kept  at  right  anglea  to  the  other  aa  ahown  in  tbe 
drawing.  To  effect  thia,  the  pateiiteei  had  tiro  methods; — to  crank  the  ajdea, 
on  which  each  of  the  wheels  were  fixed,  with  a  connecting-rod  between,  to 
keep  them  always  at  the  angle  with  respect  to  each  other ;  or  to  use  b  peculiar 


iort  of  endless  cliain  piusnig  uver  B  toolbrf  wheel  on  eacli  axle.  Thii  endlcM 
chain  caniisted  at  first  of  one  btdad  and  two  narrow  links,  alternately  fastened 
together  at  the  ends  with  bolts;  the  two  narrow  links  were  atwayaoD  the  outside 
of  the  broad  link ;  consequently,  the  distance  they  were  separated  Isteraliy  would 
be  equal  to  the  breadth  of  the  broad  link,  wbich  was  generally  about  two  inches, 
and  their  length  three  inches.  The  periphery  of  the  wheels  fixed  upon  ihs 
axles  of  the  engine,  was  furnished  with  cogs,  prDJecIing  from  the  lim  of  the 
wlieela  (otherwiae  perfectly  circular  and  flat)  about  sn  mch  or  an  inch  and  w. 
half,  M  ben  the  wheel  turned  round,  tbcae  projecting  ciigs  entered  betwetoi 
the  two  narrow  links,  having  a  broad  link  between  every  two  cob>>  resting  oa 
the  rim  of  the  wheel ;  these  cogs,  or  prujeclions,  caused  the  ciinin  to  move 
round  with  the  wheel,  and  completely  prevented  it  from  slipping  round  tipon 
the  rim.  When,  therefore,  thia  chain  whs  laid  upon  the  two  toothed  wlieelt, 
one  wheel  could  not  be  moved  ruund  without  the  otber  moving  round  «Ml 
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r  angln  to  the  two  CTukt.  Tbii  mode  ot  eom- 
Dpne  from  one  wheel  to  mother,  U  thown  in  tho 
<Awb  A  and  B  nanng  each  prqjcctiiig  coff-wheeli,  Toond  which 
liaiB  PMM*.  Whan  the  chain  got  worn  bjr  frequent  om,  or  wm 
M  to  MMBU  too  loDf,  oDB  of  uie  cbaiTi  of  the  u(]e*  could  b« 
» tighlMi  it  ^aiiii  until  a  link  could  ha  taken  oat,  when  the  ehab 
vaamananaekagiialaitifonnerntuaiioii.  - 

In  tbe  lollowiDg  jear,  tB16,  a  joint  patent  wai  obtainad  Iw'MeNn.  SteTcnaoa 
•ad  Loeli,  of  Heweaatla,  to  a  vufe^  of  improtement*  in  ths  eaiti^ae,  wheel% 
rail^  &D.  ef  a  nulway ,  In  that  part  whicn  relatei  to  locamotiTe  engine^  tbe 
wan  riMiilar  prapocilioa  it  made  of  "  Hulainio^  the  weight  or  a  part  of  the 
w«%ht «  tbe  e^ine,  190a  ^Mont  moveable  within  cylinder*,  Into  which  Ika 
■team  or  water  of  the  boileT  b  aOowed 
to  enter,  in  order  to  preu  apon  mcb 
|)i(toni ;  and  vMcfa  piitoni  are,  by  the 
intervention  of  leven  and  connacting- 
lodi,  made  to  bear  upon  the  axlea  of  tM 
ninning  wheal*  of  the  engine."  The 
annexed  aaclion  of  a  loeomotiTe  engint^ 


rett  apon  tbe 

branet  of  the  axle*  of  the  wbeeli  dd. 
"Theie  piatonf,  prcMioB  equally  on  all 
the  azlei,  eanae  each  d  tbe  whaeli  to 
pren  with  an  equal  ttrea*  luion  tbe  raibv 
and  to  act  npMi  them  mlb  an  eqoal 
degree  of  friction,  although  the  railt 
•faould  not  all  be  fai  tbe  nune  plane; 
tot  the  bearing  hrawti  have  the  Uberty 
of  moTing  in  a  perpendicular  direction 
in  a  groove  or  ilide,  and  carrying  the 
axle*  and  wfaeela  along  with  them,  free 
die  wheeb  to  arcommodate  themiclvea 
to  the  inequalliet  of  the  raDway.  Tba 
objecta  of  thtae  floating  [nitoDa  are,  to 
prevent  the  engine  (rom  receiving 
■hockt,  and  preeerve  a  ateadineM  S 
motion ;  (he  intrentort  conndccing,  that 
by  acting  on  an  elaitic  fluid,  they  pro- 
duce the  deiired  eflect  "with  much 
more  accuracy  than  could  be  obtained 
by  employing  the  fineat  ipringi  of  iteel 
to  lupport  the  engine."  A  longitudinal 
eectioD  of  thit  locomotive  engine  ia 
given  in  the  preceding  figure,  in  the 
deecription  of  Dodd  and  Staphenaon'e 
improvement!,  which  it  equally  iUoa- 
trateu 

The*e  locomotive  engmei  were  long 
in  uie  at  KiUingiworth  Colliery,  neai 
Newcaatle,  and  at  Hetton  Colliery,  on 
the  Wear;  lo  that  their  advantagei  and 
defecia  have  been  luffidently  luhmittcd 
to  the  teat  of  experiment.  "  The  prin- 
cipal objectioni  (in  the  opinion  of 
Mr.  GaUoway),  conut  in  Iha  diffi- 
culty of  MnnountiDg  erai  the  ilighlcrt 
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ucent;  for  it  baa  been  found  that  a  t 

•  )rBrd,or  13  feet  in  a  mile,  Tclardi  Ihe  speed  of  o  ^  ._   _ 

very  great  degree ;  lo  mueh  to,  indef d,  that  il  has  been  coniidered  iii  i  imMljf, 
in  aome  part*  where  they  are  used,  lo  nid  their  aacent  with  llieir  load  Of 
fixed  engines,  which  drag  them  forward  bj  meani  of  rope*  coiling  round  ■ 
dnim.  I'be  iteam  cylinder!  below  the  boiler  were  found  rrry  defectire,  for  jn 
the  aicending  itroke  nf  the  wnrkinf;  piston,  they  were  forced  inwardi  bj 
the  connecting-rod  pulling  at  the  wheel  in  lumtng  It  round,  and  in  the  de- 
■cending  stroke  the  tame  pistons  were  fiirced  as  much  oiitvrardi :  thji  motjcni 
or  play  rendered  it  neceiaarj  to  increase  the  length  of  the  working  cylin- 
der as  much  as  there  was  play  in  the  lower  ones,  to  avoid  the  danger  of 
breaking  or  lerlously  injuring  the  top  and  bottom  of  the  former  by  ibe  tctik- 
ing  of  tbe  piston  when  it  is  forced  Ion  much  up  or  down.  As  our  meaninr 
mav  not  be  fully  comprehended  without  eUieidRlion.  let  us  imagine  the 
cylinder  of  a  common  beam  engine  to  be  set  upon  springs  which  have  a  play 
of  one  footi   the  weight  of  the  cylinder,  when  at  rest,  depreaMi  the  spring  sis 


mchei;  but  if  the  engine  be  put  in  motion,  then,  as  the  piston  ascenda 
and  gives  motion  to  the  machinery,  the  springs  below  Hie  cylinder,  beinB, 
M  It  were,  the  abutments  upon  which  the  iteom  acli,  are  forced  downwni5s 
against  their  seal  with  preciaety  the  farce  that  the  piston  eierti  in  oret- 
eoming  the  reiiatance  of  the  machinery.     In  like  manner,  when  t!ie  pistou 
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jhaeandij  at  modi  we^t  or  pvemire  will  be  taken  off  these  tpringt  by  the 
ttme  mettu :  tlie  cjliiMer  woold,  therefore,  yibrmte  or  dance  upon  the  bearing 
•pringi ;  and  aa  the  motion  which  it  thns  obtaina  ia  the  reverie  of  the  motion 
iDen  gben  to  the  piiton,  the  length  of  the  cylinder  ihould  be  greater  to  aUow 
far  the  extreme  vibration  to  which  it  is  liable.  A  quanti^f  of  steam  would, 
atunian^  be  lost  in  filling  up  this  extra  length  of  the  cjlinoer  at  eadi  stroke. 
TUa  woidd  also  lumpen  u  ue  cylinder  wenJUfed,  aa  usual,  and  the  carriages 
of  Aa  crank  and  ny-wheel  supported  upon  springs ;  and  this  arrangement 
wenki  then  be  exactly  the  same,  in  pnnciple  ana  effect,  aa  the  parts  of  the 
loeomothre  ensine  to  which  we  now  allude." 

Iba  enmnng  on  the  pceceding  jmse  represents  one  of  the  engines  made 
IbrAaKiifantinoeh  and  Monkland  ColBeiy  Raflway,  hj  Messrs.  Murdoch  and 
Aitkan  of  Glasgow.  The  working  of  these  engines  gave,  it  is  said,  very  high  satis- 
ftetion  to  die  proprieton,  aa  performing  more  work  than  the  engineers  undertook 
dMy  should  exaoite.  As  there  appears  to  be  nothing  in  the  arrangement  of  the 
parts  wUeh  waa  not  preriously  known,  we  can  only  attribute  the  high  character 
ttiese  engines  attained,  to  superior  workmanship— and  the  clothing  m  the  enefaie 
in  a  wooden  casing,  to  prevent  the  waste  of  heat.  It  aflfords  a  goodexampTeof 
the  old  foshioned  locomotives,  and  shows  a  peculiar  mode  of  coupling  the 
wheds.  The  connecting  rod  between  the  two  wheels  has  a  ball  and  socket  joint 
at  each  end,  making  univenal  joints.  The  wheeb  have  a  play  of  aoout 
one  inch  to  allow  for  turning  in  the  sharp  curves  of  the  line.  The  cylinders 
are  10)  inches  diameter  each,  and  the  stnAie  two  feet,  pressure  of  steam  50lba. 
The  average  speed  of  these  eiunnes  was  6  miles  per  hour,  which  is  quite  ade- 
quate for  &e  purposes  of  a  coUiery.  They  were  the  first  locomotive  engmes 
made  in  OloMgow. 

The  improvements  in  the  engine  or  carriage  wheels  proposed  by  Messrs. 
Stephenson  and  Losh,  in  their  Mtent  of  1816,  consisted  in  fiyrming  ue  spokes 
of  maUeahle  iron,  and  uniting  them  in  the  sand  by  casting  the  ring  and  nave  to 
them.  In  some  cases,  they  made  the ''spokes  of  cast  iron,  with  hoops,  tires,  or 
trods  of  malleable  iron." 

Fig.  1  is  a  side  view  of  the  wheels,  with  wrouffht^iron  arms,  aaa  show  the 
arms  cast  in  the  nave,  and  dropped  into  mortice  noles  made  in  the  rim,  which 
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an  doveUiled,  to  suit  the  dovetailed  endi  of  the  arma  a  a  a.  The  ai 
healed  led  hot  prcTioiu  to  dropping  them  inlo  the  halei,  in  order  to  cause  tbcm 
to  extend  lufiiciently  for  that  purpote,  for  when  cold  they  are  too  short,  mring 
to  the  property  which  iron  poa(e*>e«,  of  expanding  on  the  apdication  of  faeM, 
and  of  contracting  ^ain  to  its  former  dimenaioni  on  cooling  down  to  the  snot 
temperatiire  from  which  it  was  raised ;  the  arms,  therefore,  on  coaling,  in 
drawn  with  a  force  lutficient  to  produce  a  degree  of  combination  between  their 
dovetailed  ends  and  the  morliiei  of  the  rim,  which  preventa  the  pouibilily  of 
tlieir  working  loose;  they  are  atlerwards  keyed  up;  the  mortice  faol«a  are  also 
dovetailed,  from  the  tail  lide  of  the  wheel  (a  a,  Fig.  2.)  to  the  crease  dde  (t  in 
the  *ame  figure). 

Pig.  2  is  a  cross  section  through  the  centre  of  the  wheel,  with  wtought-iroa 

Fig.  3  is  an  end  view  of  Fig.  2. 

Fig.  4  repreaenU  an  elevation  of  the  edge  railway,  showing  a  rail  a  con- 
nected with  the  two  adjoining  rails,  the  ends  of  which  are  shown  bv  b  b,  and 
'*  II  pedestals,  the  bases  of  which  are  the  metal  chairs  that 

supports  e  e.  The  joints  c  e  arc  madebj  the  ends  of  the 
BCD  other  by  what  in  termed  a  half  lap ;  and  the  pin  or 
>  each  other,  and  to  the  choir  in  which  they  are  in- 
serted, is  made  to  fit  exactly  a  hole  wliich  is  drilled  through  the  chair  and  both 
ends  of  the  rails,  at  such  a  height  as  to  allow  both  ends  of  the  rails  to  bear  on 
the  chair,  and  the  bearance  being  the  apex  of  a  curve,  they  both  bear  al  the 
same  point.  Thus  the  end  of  one  rail  cannot  rise  above  thai  of  the  adjoining  one; 
for  although  the  chair  may  move  on  the  pin  in  the  direction  of  the  line  of  the 
road,  yet  the  raili  wilt  ftill  rest  upon  the  curved  surface  of  their  bearsnot 
without  moring. 

Pig.  S  ia  across  section  of  our  edge -rul  way  through  the  middle  of  one  of  the 
chain  a,  and  across  the  ends  of  the  two  adjoining  raiia,  which  are  connected  hf 
a  trauivcne  pin  -  c  ia  the  atone  support  or  sleeper. 

Fig.  6  is  a  cross  sectian  of  the  rail  a,  al  the  centre,  and  shows  the  suppcrta 
at  the  farther  extremity. 

Fig.  7  i>  a  plan  of  the  railway  described  at  pig.  1,  showing  the  half-Up  joiii- 
ings  of  the  tails  e  t  placed  in  their  carriages  d  d. 

Pig.  B,  in  the  subjoined  cut,  is  a  view  of  the  caat-iran  wheel  with  the  maOe- 

able  iron  tire.     This  wheel  is  made  with  curved  ipokei.  as  shown  at  a  a  a,  and 

with  a  alii  or  aperture  in  the  rim,  ahawn  at  b,  into  which  a  key  i>  insetted. 

The  reason  of  this  ia,  that  on  the  application  of  the  hot  lire,  the  can  metal 

Fig.  9.  Pig.  8.  F^.  }0. 


expands  unequally,  and  the  ri 
unleii  ihe  first  is  previoualy  si 


a  is  liable  to  he  craeked,  and  the  rims  drawn  oS*. 

ia  previoualy  slit  or  opened,  and  the  laller  curved,  which  allow 

a  accommodate  themselves  to  the  increased  diameter  of  the  wlieel ;  by 

n  of  the  wheel,  the  tire  may  be  placed  on  when  cold,  and  keyed 
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IVff.  9  k  ft  cniM  ndko  of  JE^.  8,  ihtougli  tlie  centre,  a  a  ehow  the  tire ; 
H  4  tbe  metal  rim.  lUieeil  metel  rim  ii  doretaOed;  io  that  when  die  tire» 
wUdi  iidofetafled  to  enit  it^  fa  pot  on  hot»  it  contraeti,  andoidiee  itielf  to  the 
tim  with  a  degree  of  adheeion  which  prerenta  iti  coming  off  nrom  the  motion 
of  Aa  wheel  en  the  raflway.  Thb  wheel  is  of  the  form  to  init  an  edge-railway ; 
and  to  make  it  anewer  tot  a  plate  rail,  it  only  reqniret  the  rim  to  be  flat 

a  10  fa  an  end  view  of  Jl^.  8  without  the  malleable  iron  thre. 
eame  patent  oompriaes  improvementi  in  **  roUejt"  or  tram-wheels,  and 
in  tnm-platee.  The  first  oonsfats  in  the  combination  of  cast  and  wrought-iron, 
after  the  same  method  as  already  described  with  respect  to  the  larger  or  edge- 
rafl  wbeefa;  and  the  eecond  consists  in  some  judidoas  modes  of  fixing  the 
lam-plates  to  the  ehairs^  throogh  the  means  of  tenons  and  mortices,  so  that  the 
anda  of  the  raifa  an  kept  firmly  in  their  places. 

Hm  transit  efcoafa  from  the  mines  to  the  ^•pe  of  shipment  added  so  much 
ta  iMat  ooel^  that  tho  owneis  were  naturally  solicitoas  to  adopt  any  improvement 
wilculatied  to  lessen  it  And  the  great  ameliorations  introduMd  by  Messrs. 
Lodi  and  Sta^ienaon,  juil  deeeribed,  were  of  so  decided  a  character,  as  to 
baaomo  Tory  generally  pwfared  in  Uie  oollieriee  of  the  north ;  where  they 
ooatimied  in  nse  for  many  yean.  Then  was,  howerer,  an  nnonestionable  defect 
in  Aa  mateifal  used.  Cast-iroo,  althoogh  it  oflbn  great  fiicuities^in  producing 
Aa  desired  shapes  to  resist  stndns ;  to  economise  metal  in  thoee  parts  when 
modi  stnngth  is  not  required ;  and  to  affiard  the  most  conyenient  adaptati<ms 
in  fitting  together,  can  norer  be  entirely  depended  upon,  until  certain  and 
emtUm  praetked  means  shall  be  discorered  of  expelling  tne  air  contained  in  tilie 
moolds.  From  the  casting's  beinf  often  bhmm  in  myisible  places,  freouent 
hnakages  wen  unavoidable,  from  Uus  cause  alone ;  to  which  may  be  added, 
Aa  derangements  of  the  substructun  of  the  line,  which,  howeyer  wdl  executed, 
fa  alwa^  taking  place  in  different  parts,  according  as  Aey  may  be  subjected  to 
the  Tanous  disturbing  causes;  such  as  wet,  firietion,  ooneussioiis,  &».,  altogether 
produciiig,  in  extensiye  lines,  a  yery  serious  amount  of  breakage,  and  a  heayy 
expense  ror  repain ;  neyertheless,  preyious  to  Messrs.  Losh  and  Stephenson,  tlie 
expense  of  npain  was  much  greater. 

Although  ue  rails  in  general  use  wen  for  the  most  part  of  cast  iron,  then 
wen  eome  of  malleable  iron,  made  of  the  ordinary  rectangular  figun  by  rolling ; 
which  latter  wen  liable  to  be  rendered  unsenrieeable  by  becoming  bent  To 
remedy  this  defect  in  the  malleable,  and  the  liability  to  break  in  tne  cast  iron, 
Mr.  John  Hawks,  of  Gateshead,  Durham,  took  out  a  patent  in  the  year  1817, 
*'for  a  new  method  of  making  rails,"  in  which  the  metal  in  both  its  states  was 
combined.  The  specification  states,  "  Instead  of  making  the  rails  or  bars  of 
cast  or  malleable  iron,  as  those  now  in  use  an,  they  are  a  compound  of  • 
malleable  and  cast  iron,  so  connected  as  to  be  stronger  than  if  made  of  either 
kind  alone.  The  surface  is  formed  of  cast  iron,  and  the  hack,  or  under  part, 
of  malleable  iron,  joined  together  and  formed  when  the  metal  of  the  former  is 
in  a  fluid  state ;  and  they  become  so  inseparable  that  the  cast  iron  may  be 
broken  at  the  nearest  possible  distances ;  indeed,  eyen  inch  by  inch,  which  is 
scarcely  possible  to  be  occasioned  by  accident,  and  the  rail  will  remain  sufficient 
for  the  purposes  of  a  railway;  at  least,  till  it  suits  the  conyenience  of  the 
workmen  to  replace  it,  without  interruption  to  the  concern  in  which  the  rail- 
way may  be  used:  and  as  a  loss  by  a  broken  rail  of  this  inyention  will  be  less 
than  one  in  common  use,  the  expense,  although  it  may  be  a  little  more  in  the 
first  instance,  will  be  considerably  less  in  the  end,  as  the  malleable  iron  may 
be  used  again,  or  as  the  old  iron  will  be  of  much  more  intrinsic  yalue  than  the 
other." 

The  modes  of  combining  cast  and  malleable  iron  together  in  the  rails  are 
yarious ;  but  that  which  Mr.  Hawks  preferred  as  affording  the  best  security  for 
their  being  firmly  fixed  together,  is  by  running  the  cast  iron,  when  in  a  state  of 
fusion,  on  the  malleable  iron  ;  to  effect  which  the  malleable  part  is  to  be  first 
forged,  or  otherwise  prepared  in  that  form  and  of  that  strength  which  the 
nature  of  its  intended  purpose  or  appropriation  points  out  as  most  proper.  That 
part  of  the  malleable  iron  which  is  intended  to  he  combined  with  the  cast  iron 
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■Tiould  be  rendend  roueh  and  uneven  by  jaggiiie  or  by  perToTatioD,  by  giving  it 
a  dovetailed  Tonn,  or  By  any  other  meant,  so  ibat  the  cut  iron  may  fimly 
adhere  thereto,  wilboul  the  liability  of  becoming  loose  by  tlie  violent  Actioli  of 
the  carriages.  The  malleable  part  must  be  clean,  perfectly  dry  and  warm,  when 
laid  In  the  mould  to  receive  the  melted  iron,  which  thould  be  poured  in  bi  kmhi 
as  pouible  after  the  mould  ii  ready  to  receive  it,  aa  any  damp  on  the  malleable 
iron  will  ecdanger  the  soiindnesii  of  tbe  cast  iron  part. 

It  ii  a  remarkable  Tact  in  the  history  of  our  iron  manufacture,  that  M  to 
advanced  a  period  aa  1SI7  no  attempt  had  been  made  to  make  railway  ban  of 
malleable  iron  of  a  judicious  form,  like  those  used  in  the  cast  taelal.  It  would 
leem  that  the  manufacturera  of  that  time  imagined  that  their  grandfathcn  bad 
taught  them  alt  that  it  was  possible  to  acquire  in  their  art  of  rolling  bara;  tbat 
it  was  loo  wild  an  attempt  to  make  any  other  form  than  cylindrical  and  rectao- 
gular,  although  they  might  obviously  effect  the  required  conftguralion  by  the 
aanie  tools  and  machinery,  with  merely  a  alight  deviation  in  the  form  of  the 
grooves.  In  consequence  tlie  proprietors  of  3ie  railways  and  coal-tiorfc*  wtnt 
on  breaking  their  cast  iron  and  bending  their  weakly  shaped  malleable  balii 
incurring  for  three  years  afUrwarda  very  «eHous  accidents  and  loss.  At  lelwlh 
Mr.  John  Birkenabaw,  of  Bedlington,  made  the  notable  discovery  we  hkte  jnat 
alluded  to,  (and  which  we  should  have  thought  would  have  been  obvioui  to 
everybody,)  of  making  the  groove*  of  the  shape  desired.  He  look  out  a  patent 
for  his  invention  in  1S20,  and  made,  it  is  said,  a  considerable  fortune  by  it; 
hit  specilicatian  we  will  now  make  an  extract  from : — 

"  nly  invention  consists  in  the  adaptation  of  wrought  or  malleable  lion  bnn 
or  rails  of  a  peculiar  form,  Instead  of  cast  iron  rails,  as  heretofore.  From  the 
brittle  nature  of  cast  iron,  it  has  been  found,  by  experience,  necesaary  to  make 
the  bars  of  a  railroad  lufiiciently  strong  to  bear  at  least  six  times  the  wei^t 
intended  to  be  carried  along  tbe  road,  by  which  the  original  cost  of  ft  railroad 
wai  considerably  augmented ;  or  if  light  rails  were  used,  the  necessity  of  fre- 

Suently  repairing  entailed  a  very  heavy  expense  upon  the  ptoprielars.  To  obviate 
lese  objections,  I  liave  invented  a  bar  to  be  made  of  wrought,  or  mallei^le 
iron,  the  original  cost  of  which  will  be  lens  than  the  ordinary  cast  iron  raila  or 
burs,  and,  at  the  same  time,  will  be  found  to  require  Utile  (if  any)  reparation  in 
the  course  of  many  years.  The  raila  or  bars  which  I  have  invented  are  forausd 
as  prisms,  though  their  sides  nccil  not  of  nQccBiilv  he  Hat.    Figi.  1  and  3  ibov 
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the  under  part  i 
pedestals,  which  s 


s  formed;  the  upper  suiface  upon  which  the  wheel  of 
is  slightly  convex,  in  order  to  reduce  the  friction  ;  and 
e  supporting-blocks,   chairs,  rests,  standards,  o 


1  proportion  to  the  square  of  it 
breadth  and  depth.  Hence  this  form  posseisel  all  the  strength  of  a  cube  equal 
to  its  square,  with  only  half  the  quantity  of  metal,  and,  consequently,  half  tbe 
coat.  Sufficient  strength,  however,  may  be  still  retained,  and  tbe  weight  of 
metal  further  reduced,  by  forming  the  bars  with  concave  sides,  as  ehown  in 
section,  by  Figi.  3  and  4." 

The  rolls  made  use  of  by  Mr.  Birkenahaw  are  exhibited  in  the  annexed 
figure,  which  represent*  an  elevation  or  aide  view  of  a  pair  of  them.  It  will 
be 'Observed  that  the  circumference  of  each  roll  is  indented  by  a  serin  of 
grooves;  each  groove  in  the  upper  roll  correaponiiing  in  shape  with  those  of 
the  lower  roll,  excepting  in  one  case.  Consequeiilly  the  figures  described  by 
tbe  hollow  spaces  between  each  roll,  represent  the  funn  of  the  bars  to  be  madr. 


BIRKENSHAW?  RAILWAT. 


It  win  Ownhte  k  tibnoat,  that  when  a  red-hot'  bar  of  iron  ii  appUol  to  the 
CnwrM«r  Meh  nlkn,  forMd  nnnd  b;  a  powerful  •team-rneiDe  wjlli  fjnio. 
walMitf,  tha  itcn  wiU  be  eomprewBd  into  the  Mine  fonn  throughout  it*  iengih. 


Tlie  form  of  rail  now  nioat  ^iprond  of,  which  we  ihall  hsre  oi 
"o  dncribe,  ii  nude  bj  the  lame  kiod  of  mauhinerjp. 


Ibe  kind  of  waggou  OKd,  andthe  nature  of  the  pD««  at  that  time 

.nil..,, 
m  general 

^fe|\li 

J 

l#^ 

M- 

a  a  d  aa  tj- 

-d- 

-tr 

l'!  Q  Q  Q  0  q 

daa.  The  luperiotitv  cf  Mr.  Blrkenihaw'i  rail  o*tr  that  in  genenl  UMd  pr» 
nmalj,  which  wa*  the  joint  invention  of  Menn.  Stephenaon  and  Loifa,  ckdted 
the  rivalry  of  the  latter  gentleman  ;  aeeordingly  we  find  him  taking  out  another 
patent  for  "certain  improvementa  jn  the  conatruction  of  iron  raiUfor  railroadi," 
whieh  being  to  ui  »e^  doubtful,  we  shall  deicribe  it  Tery  briefly  in  hii  OTn 
wordi: — "Fine,  in  uaing,  placing,  and  fixing  bars  of  muleable  iron  on  the 
upper  imface  of  a  line  of  cait  iron  rall>  or  malleable  iron  raiU,  of  vliatever 
form  nich  raili  ma;  be  in  the  longitudinal  direction  of  the  railj  when  laid,  lo 
ai  to  form  an  uninterrupted  line  tbe  vhole  length  of  the  bar,  which  may  be  at 
long  as  it  shall  be  found  caavenient  and  economical  to  uie,  and  of  the  tame 
broidlh  ai  tbe  upper  lurface  of  the  rails  to  which  it  is  fixed,  or  a  Ultle  broader 
or  narrower.  Secondly,  in  some  cases  I  fix  a  band  or  strap  of  malleable  iron 
to  the  under  nuface  of  rails  made  of  cast  iron,  in  order  that  such  band  or  strap 
may,  by  its  power  of  tension,  eive  support  to  the  cohesion  of  tbe  part*  of  the 
cast  iron  raila,  and  admit  of  ita  being  made  lighter,  and  thus  save  expense,  white 
it  addi  to  security  from  breakage.  Thirdly,  I  claim  as  an  improvement,  a  rail 
formed  by  fixing  two  bars  of  malleable  iron  on  their  sides  or  edgei,  and  fixing 
them  in  that  position  by  bolts  and  studs,  or  by  any  other  convenient  melhod ; 
and  on  their  upper  edges  placing  and  fixing  a  flat  bar  of  muleable  iron,  or  one 
which  is  siighUy  cun'ed  or  rounded  at  the  edges  to  diminish  friction,  so  that 
the  bar  or  plate,  placed  and  fixed  on  tbe  upper  edgei  of  the  two  malleable  iron 
bars,  shall  form  the  surface  upon  which  the  wheeli  of  the  waggon  or  eaniane 
•re  to  revolve."  After  Ibis  statement,  we  think  the  practical  reader  will  not 
be  disappointed  if  we  omit  the  details  of  construction. 

A  new  species  of  railway,  poiseising  many  advanlages  peculiar  lo  itself,  was 
invented  and  patented  in  the  year  1S21  by  the  late  Mr.  H.  R.  Palmer,  who  wo* 
for  some  yean  engineer  to  the  London  Uock  Company.  Instead  of  two  line* 
of  rail  laid  upon  the  ground,  as  heretofore,  Mr.  Palmer's  railway  consisli  of 
only  one.  which  is  elevated  upon  pillars,  and  carried  in  a  straight  line  acroai 
the  country,  bowefer  undulating  and  rugged,  over  hills,  valleys,  brooks,  and 
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riven,  the  pillan  being  longer  or  shorter,  to  suit  the  height  of  the  rail  above 
the  surface  of  the  ground,  so  as  to  preserve  the  hne  of  the  rail  alwayt  ttraighU 
whether  the  plane  be  horizontal  or  inclined.  The  waggons,  or  receptacles  for 
the  goods,  travel  in  pairs,  one  of  a  pair  being  suspended  on  one  side  of  the  rail, 


Fig,  I. 


Fig,  3, 


and  the  other  on  the  opposite  side,  like  panniers  from  the  back  of  a  horse.  By 
this  arrangement  only  two  wheels  are  employed,  instead  of  eight,  to  convey  a 
pair  of  waggons ;  these  two  wheels  are  placed  one  before  the  other  on  the  rail, 
and  the  aue-trees  upon  which  they  revolve  are  made  of  sufficient  length  and 
strength  to  form  extended  arms  of  support,  to  which  are  suspended  the  waggons 
or  receptacles  on  each  side  of  the  rail,  the  centre  of  gravity  being  alwagi  below 
the  surface  of  the  rail.  The  rods  by  which  the  wageons  are  suspended  are 
inflexible;  hence,  although  the  weights  on  each  side  be  not  equal,  they  will, 
nevertheless,  be  in  equilibrio ;  as  may  be  observed  in  a  ship,  which,  being 
unequally  loaded,  assumes  such  an  angle  with  the  surface  as  preserves  the 
equilibrium.  Although  an  equal  distribution  of  the  load  on  ooth  sides  is 
desirable,  it  is  not  necessary.  A  number  of  carriages  are  linked  toe^ether,  and 
towed  along  the  rail  by  a  horse,  as  barges  on  a  canal.  Owing  to  the  undula* 
tion  of  the  country,  the  horse  will  sometimes  be  much  below  the  rail,  in  con- 
sequence of  which  he  is  provided  with  a  sufficient  length  of  rope  to  preserve  a 
proper  angle  of  draught. 

Fig,  1  is  an  end  view  of  the  carriage,  with  a  cross  section  of  the  rail,  and  a 
pillar,  showing  its  form,  and  manner  of  fixing. 

Fig.  2  is  a  side  view  of  the  railway  passing  over  an  uneven  surface,  with 
three  of  the  supporting  pillars  of  unequal  length.  Upon  the  upper  surface  of  the 
raO  are  seen  the  two  carriage-wheels,  and  the  manner  of  suspending  the  wag- 

5on8  or  receptacles  from  the  axle-trees,  which  is,  however,  better  shown  by 
^.  1,  letters  I  I  I  I. 

Fig,  3  is  a  plan  of  the  same,  which  exhibits  the  comparative  measurements, 
and  the  mode  by  which  the  receptacles  are  braced  together.  The  same  letters 
of  reference  refer  to  the  same  parts  in  the  different  figures.  A,  Fig.  1,  repre- 
sents an  upright  pillar  of  cast  iron,  having,  at  the  shoulder,  a  flange,  which  rests 
upon  the  surface  of  the  ground.    The  pillar  is  formed  with  ribs  at  right  angles, 
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which  converge  toward)  ihe  lower  extremitv,  and  arc  notched  in  the  edges,  for               ^^^| 
the  hrtWT  lecuring  it  firmly  in  the  ground.  The  hole  in  which  it  ia  to  be  inierted              ^^^H 
E«  to  be  prcriniuly  well  rammed,  by  ■  kind  of  pile-driving  engine,  and  the  foot              ^^^H 

HcgmputaspcHsible.    Three  of  theie  pillars  are  thowD  fixed  in  Fij;.  2,  placed               ^^^H 
«boul  nine  feet  apaiL     At  the  liTpper  extremitiea  of  (be  pillars  are  long  clefti  or              ^^^H 
tnmingii,  to  receive  the  rail  B,  w^ich  ii  compoied  of  deal  planki,  >cl  on  their              ^^H 
cdera,  with  their  upper  nirface  D  defended  by  cait  or  wrought  iron  plates,  a              ^^^H 
lilSe  convex  on  ibe  upper  tide.     When  the  rait  ha>  been  lome  time  in  ute,  and               ^^H 

Ihe  rail  ii  bolted  to  the  piUaTi ;  to  effect  which,  a  rery  simple  and  easy  method              ^^^H 
b  provided.     In  the  clefl  of  Ihe  pillara,  and  under  the  rait,  two  wedges  a  a  are               ^^^H 
btrodoced  in  opponile  direclions,  whereby  its  level  maj  be  adjusted  with  the              ^^^H 
nicest  accuracy.     The  wheels  U  D  are  provided  with  flanges,  tQ  keep  tliera  on              ^^H 
the  laO,  and  their  peripheriei  bi«  slightly  concave,  to  adapt  their  surfaces  to  that              ^^^H 
of  the  rait*.     E  E  are  the  arm.  or  axles;   H  11  are  the  receptacles  for  the              ^^H 
foods,  which  are  made  of  plale  iron,  and  are  suspended  to  the  arms,  u  before              ^^H 

hooked,  to  which  a  luwing-rope  may  he  connected.     Any  number  of  carriages              ^^^H 
may  tbrn  be  attached  together  hy  cliaina  hooked  ou  lo  the  BQgleC.                                         ^^^H 
Tile  annexed  Fig.  4  is  intended  to  exhibit  a  portion  of  the  railway  in  u»,               ^^^H 
■cd  Ibe  methods  by  which  several  of  the  obstacles  which  frequently  present              ^^H 
themselves  are  overcame.  On  the  left  is  seen  a  jointed  rail,  or  gale,  tbatcrosie*              ^^^H 
tl>e  mod  over  which  the  carriages  have  jait  passed,  and  Ihe  gale  swung  back,               ^^^H 
to  leave  the  road  open;  the  horse  and  man  having  just  forded,  the  train  of  car-               ^^^H 
riagei  is  proceedmg  in  its  course,  and  following  another  train,  part  of  which  is              ^^^^H 
■een  on  the  right,  crossing  a  rail  bridge,  simply  constructed  for  thai  purpose.                  ^^^H 

direclions,  by  means  of  "sidings"  or  passing  places.    With  respect  to  loading,              ^^H 
it  both  reeeptactes  be  not  loaded  at  the  same  time,  that  which  ii  loailed  fint              ^^^H 
tnlul  be  supported  until  the  second  is  liill.  Where  (here  is  a  permanent  loading-             ^^^H 
plucc,  tlie  carriage  is  bronght  over  a  step  or  block  ;  but  when  it  is  loaded  prt>-             ^^^H 
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|"lrhen*nol-<t>  use.      From  the  imall  height  uf  the  carriage,  the  loailiiii.-  u!  iho 

■  uticl^t  unially  done  by  l.und  becomes  less  laborious.      The  unlojding  may 
Hdone  in  rarious  wayj,  ucc«rding  W  the  substance  to  be  diseharg-d,  ihe  rece 

■  bcles  being  made  to  opeu  either  at  the  boltom.  the  ends,  or  the  sides.  In  ton 
H  eaaes  it  may  be  desirable  lo  suspend  them  hy  their  ends,  when,  turning  on  the 
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Among  the  advantages  contemplated  by  the  patentee  of  thia  raflway,  maybe 
mentioned  tbat  of  enabling  the  engineer,  in  most  cases,  to  constract  a  railwsT 
on  that  plane  which  is  most  effectual,  and  where  the  shape  of  tlie  comitry  would 
occasion  too  great  an  expenditure  on  former  plans — that  of  being  maintained  in 
a  perfectly  straight  line,  and  in  the  facility  with  which  it  may  always  be 
adjusted ;  in  being  unencumbered  with  extraneous  substances  Ijring  upon  it; 
in  receiving  no  interruption  from  snow,  as  the  little  that  may  lodge  on  the  rail 
IS  cleared  off  by  merely  fixing  a  brush  before  the  first  carriage  in  the  train ;  in 
the  facility  with  which  the  loads  may  be  transferred  from  the  railway  on  to  the 
carriages,  by  merely  unhooking  the  receptacles,  without  displacing  the  goodi, 
or  from  other  carriages  to  the  railway,  by  the  reverse  operation ;  in  the  preser- 
vation of  the  articles  conveyed  from  being  fractured,  owing  to  the  more  uni- 
form gliding  motion  of  the  carriages;  in  occupying  less  limd  than  any  other 
railway;  in  requiring  no  levelling  or  road-makmg;  in  adapting  itself  to  all 
situations,  as  it  may  be  constructed  on  the  side  of  any  public  road,  on  the 
waste  and  irregular  margins,  on  the  beach  or  shingles  of  the  sea-shore, — indeed, 
where  no  other  road  can  be  made;  in  the  original  cost  being  much  less,  and 
the  impediments  and  great  expense  occasioned  by  repairs  in  the  ordinary  mode, 
being  in  this  method  almost  avoided. 

A  line  of  railway  on  this  principle  was  erected,  in  1825,  at  Cheshunt,  in 
Hertfordshire,  chiefly  for  conveying  bricks  from  that  town,  across  the  marshes, 
for  shipment  in  the  river  Lea.  The  posts  which  support  the  raUs  are  about  ten 
feet  apart,  and  vary  in  their  height  from  two  to  five  feet,  according  to  the  undu- 
lations of  the  surface,  and  so  as  to  preserve  a  continuous  horizontal  line  to  the 
rail.  The  posts  were  made  of  sound  pieces  of  old  oak,  ship  timber,  and  in  the 
slots  or  clefts  at  the  upper  ends  of  the  posts,  are  fixed  deal  planks  twelve  inches 
by  three,  set  in  edgeways,  and  covering  with  a  thin  bar  of  iron,  about  four 
inches  wide,  flat  on  its  under  side,  and  very  slightly  rounded  on  its  upper  side ; 
the  true  plane  of  the  rail  being  regulated  or  preserved  by  the  action  of  counter- 
wedges  between  the  bottom  of  the  mortices,  and  that  of  the  planks.  By  this 
rail,  on  the  level,  one  horse  seemed  to  be  capable  of  drawing  at  the  usual  pace 
about  fourteen  tons,  including  the  carriages. 

The  next  invention  in  the  order  of  time  that  presents  itself  to  our  notice,  is 
one  possessing  considerable  originality ;  and  though  it  has  not  been  carried 
into  effect,  it  contains  some  ingenious  suggestions,  that  have  formed  the  ground* 
work  of  subsequent  inventions.  It  is  the  subject  of  a  patent  granted  to  William 
Francis  Snowden,  of  Oxford-street,  London,  on  the  1 8th  of  December,  1824,  for 
a  **  new  invented  wheel-way  and  its  carriages  for  the  conveyance  of  passengers, 
merchandise,  and  other  things,  along  roads,  rails,  and  other  ways,  either  on  a 
level  or  inclined  plane." 

The  specification  describes  the  invention  under  two  distinct  heads ;  the  first, 
which  is  the  most  practical  of  the  two,  is  explain  ?d  as  consisting  of  a  hollow 
tnink  with  a  platform  of  iron  on  the  top  for  waggons  or  other  carriages  to  roll 
upon ;  inside  the  trunk  is  placed  a  machine,  called  by  the  patentee  a  mechanical 
horse,  to  which  is  connected  a  toothed  wheel,  that  is  made  to  revolve  in  a  hori- 
zontal plane,  and  to  take  into  the  teeth  of  a  horizontal  straight  rack  fixed  on 
one  side  of  the  hollow  trunk.  Tlie  vertical  axis  of  the  horizontal  toothed  wheel 
passes  through  a  longitudinal  opening  in  the  wheel-way ;  above  which  it  is  con- 
nected to  a  locomotive  steam-engine,  and  is  actuated  thereby ;  through  the 
medium  of  bevil  gear  the  motion  thus  communicated  to  the  latter  by  the  engines 
is  applied  by  the  vertical  axis  to  the  horizontal  wheel  of  the  mechanical  horse, 
inside  the  hollow  trunk ;  and  as  the  horizontal  wheel  is  geared  into  the  toothed 
rack,  which  ia  fixed  on  one  side  of  the  trunk,  the  mechanical  horse  of  necessity 
moves  forward  with  the  same  velocity  as  the  horizontal  wheel  is  made  to  revolve 
by  the  power  of  the  engine.  This  will  be  understood  upon  reference  to  the 
annexed  figure,  which  i^ords  a  longitudinal  section  of  the  mechanical  horse, 
and  the  hollow  trunk  or  wheel-way.  a  is  a  vibrating  cylinder,  and  b  the  boiler 
of  a  locomotive  engine,  by  which  the  bevil  gear  c  d  is  actuated,  and  through 
the  medium  of  the  vertical  axis  e,  the  horizontal  toothed  wheel /which  takes 
into  a  toothed  rack  g  ;  the  mechanical  horse  h  is  made  to  advance  in  its  course, 
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■ad  to  lake  villi  it  the  nwine  and  the  train  of  waggon*  that  maj  be  in  eon 
nexion.  ■  w  ii  tb«  whe^wn,  and  1 1  the  hoUo*  Inuik.  Ai  the  lop  of  lh« 
whed-w^  ii  mpyoaed  to  be  flat,  and  the  earriagei  without  lateral  flawei  U 
thoir  tim,  it  it  propwed  to  guide  the  caniagei  b;  meant  of  tongaea  like  that  ai 


which  e 


s  the  loD^tiidinii!  B 


and  which  may  be  pmnded  with  m 


antiftictiOD  roller  to  prevent  lateral  mbbme  Tht  mvealor  prapctei  to  adopt  a 
umilai'  arraagement  to  the  forgoing  for  the  towing  of  bargei,  by  irectuig  hia 
pateDt  wheel- wayi  by  the  lidea  or  banki  of  canab  uid  riTeii. 

In  the  pneeding  pagee  are  giien  aome  plani  for  the  employment  of  toothed 
ncki  to  railway*,  to  enable  a  carnage,  prorided  with  a  toothed  wheel,  taking 
faito  the  teeth  M  die  rack,  toobtain  tufficientreditance  to aicendtteep  inclined 
plaoe* :  bnt  the  fbnner  were  nihgect  to  the  diudvantage  of  a  (train  or  twist, 
the  fack  in  them  being  placed  on  one  md*  of  the  way.  To  obriata  thii  defect 
appcan  to  have  been  the  bbject  of  Mr.  Joeiah  Eailoo,  who  took  out  a  patent, 
dated  the  13lb  October,  182fi,  for  "certain  improveineDta  in  toeomotlTe  or 
(team  carriage*,  and  alio  in  the  manner  of  cmulracting  the  road*  or  way*  for 
the  >ame  to  IraTel  on."  "Hie  followiiig  brief  deicripiian  of  Ihii  inTenlitm  i* 
giTeii  in  the  London  /oarnal  of  ArU,  Vol.  XI. :— "  Thr*e  improvemenU  con- 
■ist,  first,  in  forming  a  line  of  road,  with  a  raised  part  along  the  middle,  upon 
which  a  rack,  or  loolhcJ  bar  of  iron  ii  placed;  and  secondly,  iu  adapting  a 
toothed  vhcel  to  the  steam  carriage,  which  ihall  lake  into  the  said  rack,  and 
being  apliiated  by  the  rotatoiy  power  of  the  steam-engine,  shal]  thereby  cause 
the  carriage  to  be  implied  forward  upon  the  line  of  railroad,  and  the  trami  or 
other  waggons  alter  it." 

In  the  lubjained  cuts,  Fig.  I  exhibits  a  transverse  section  of  the  railroad,  with 
the  end  view  of  a  waggon  upon  iL-  Fig.  2  is  a  aide 
elevation  of  the  tame,  showing  the  manner  in  which 
the  carriage  is  driven ;  a  o  ii  the  road  formed  of 
masonry,  the  parts  bb,  on  which  the  running  wheels 
travel,  being  on  a  lower  plane  than  the  central  part 
c  of  the  road,  whereon  the  rack  d  is  situated.  The 
steam-engine,  and  other  machinery  appertaining  to 
the  locomotive,  are  constructed  in  the  usual  wayj 
the  only  novelty  in  the  carriage  ii  the  toothed 
wheel  t,  which  takes  into  the  rack  d,  fixed  along  the 
centre  of  tlie  road ;  and  this  toothed  wheel  being 
made  to  turn  through  the  agency  of  t  '  ' 
wheels  acfuated  by  the  steam-engine,  the  carriage 
i>  thereby  propelled,  and  the  waggons  drawn  after 
it.  In  order  to  keep  the  carriages  in  their  track  . 
upon  the  road,  two  guide  rollers// are  placed  under 
the  carriage,  which  n:n  againit  the  side  of  the 
central  rib,  and  thii  prevents  them  from  moving 
out  of  ihvir  course. 
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To  enable  locomotive  camagei  Ui  ascend  steeper  inclined  plsnrt  than  had 
heretorore  been  congidered  piaclicable,  and  likewue  la  enable  the  camagea  and 
tralna  to  wind  round  curves  in  the  rood,  without  the  Mvere  friction  and  itrain- 
ing  to  which  thev  had  been  previously  mbjected,  wm  the  object  of  a  patent 
etanted  on  the  5th  of  March,  1825,  to  Mr.  n.  Henry  Jamea,  of  Birmingham. 
Thii  invention  ha*  not,  we  believe,  been  carried  into  efleet  on  the  great  icale; 
but  we  have  been  credibly  informed,  that  the  moitaatiifictOT^  proofs  hare  been 
afforded  of  the  ability  to  cfTecl  this,  by  repeated  trials  on  a  railroad  more  than  a 
hundred  feet  in  length,  laid  down  for  the  purpose  of  experiment,  on  which  Jl 
was  found  that  a  train  of  carriages  would  ascend  inclined  planes  three  inches  in 
the  yard,  which  is  equal  to  440  feet  in  the  mile.  This  important  advantage  i* 
gained  1^  applying  (he  power  to  the  axletrees  of  the  wheels  of  the  several  car- 
riages in  the  train,  by  means  of  the  rotation  of  a  long  horizontal  rod  (or  seric* 
of  connected  rods),  actuated  by  bevel  gear  under  each  carriace. 

An  ingenioiu  plan  hat  also  been  proposed  by  Mr.  James  for  enabling  the 
caniages  on  a  railway  to  pass  around  turns  or  curves  in  the  road,  without  addi- 
tional friction.  For  this  purpose,  the  faoHzontal  rotatory  shafts,  which  cause 
each  pair  of  wheels  in  the  train  to  revolve,  and  propel  the  carriages  forward,  are 
connected  together  by  a  novel  kind  of  universal  jomt,  which  communicates  the 
rotatory  motion  to  each  lucceaaive  carriage,  even  if  so  placed  on  the  curves  of 
the  roads,  that  the  sides  of  one  carriage  shall  present  to  the  side  of  the  next  ua 
nngle  of  thirty  degrees.  To  cause  the  carriage  wheels  to  mn  round  the  curve* 
of  the  railway,  without  the  usual  destructive  rubbing  of  their  surfaces,  the  rails 
in  those  parts  are  made  with  several  ribs  or  elevations,  and  the  wheels  of  the 
carriages  are  consequently  formed  to  correspond  with  those  ribs,  by  their  peri- 
pheries being  grooved  in  like  m _.  .t_.  _  _i..i    ■..     a-  ..     ... 


many  d 


.    10  that  a  wheel,  in  effect,   poasesses  as 
s  in  the  surface  of  its  periphery,  by  which 
means  it  may  be  made  to  travel  faster  or  slower,  as  may  be  desired. 

The  following  engravinp  will  render  these  plans  intelligible  to  the  reader. 
a  is  the  boiler  of  a  steam-engine  ;  b  the  engine  with  two  cylinders,  the  alter- 
nating motion  of  the  pislon  in  which  gives  rotation  to  the  crank  c  above  :  the 
rods  e  e,  attached  to  the  same,  being  also  fixed  to  the  crank  of  the  horizontal  shaft 
///(which  passes  under  the  carriages),  causes  that  to  revolve  with  a  similar 
speed  to  the  crank  of  the  engine.  Two  square  boxes,  g  g,  are  fixed  under  each 
carria^ ;  through  these  the  axletreea  of  each  pair  of  wheels  pass ;  the  rotatorj 
shaft /passes  also  through  the  boxes  above  ihe  axletrees,  and  at  right  angles 
with  them ;  each  of  the  boxes  g  g  contains  a  double-beveled  horiiontal  wheel. 
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«liieb  present*  a  circle  of  cogi  in  its  upper  ai  well  a*  its  lower  tide,  and  lum» 
n  croM  bearingi :  now  iho  ibBft/catrying  upon  it  a  vertical  beveled  pinion 
■arb  box.  lakes  into  the  upper  circle  of  leelli  of  the  horizonlat  wheel,  while 
under  circle  of  the  teetli  of  the'  lame  actuate  a  bevoltd  pinion  on  the  aile- 
■  underneath,  cousequenlly  compelling  the  wbetli  to  revjive ;  and  the  power 
being  thus  applied  to  every  pair  of  wheeU  limoltaneously,  luflicient  resistance 
■-  -iblained,  on  a  smooth  lurEsce,  to  aacend  inclined  planes  of  considerable 
I  u  Bie  ibe  unirettal  joints,  which  communicate  rotatory  motion 


ele*alion. 


when  lh«  earriagei  are  not  in  a  slreight  tine ;  tbe«e,  and  jtfaer  moving-  parts,  are 
distincilj  shown  in  Fig.  2,  which  ii  upon  a  larger  scale,  //is  the  rotatory 
•haft ;  gg  the  two  boxes,  with  the  front  plates  moved,  to  show  the  gear  inside ; 
h  k  ihn  beveled  pinions  upon  the  shaft  in  each  box ;  t  ■  the  horizontal  double- 
beveled  wheels.  The  front  box  g,  under  the  carriage,  is  fixed  immovably  to  a 
foltd  block  of  wood,  k  ;  the  other  box  is  fltted  lo  a  plate  ',  lurtiing  on  a  eenlnil 
point,  which  passes  through  atiolhcr  plate  m,  above,  the  latter  being  secured  to 
Ibe  floor  of  the  carriage  by  hinge-joints,  n  n.  The  conitnwtionof  the  unirersal 
jointi  M  u  i(  also  more  clearly  shown  in  this  figure. 

We  have  now  to  describe  the  contrivances  by  which  the  patenlee  proposes  lo 
obviate  the  destructive  cHects  of  the  nibbinn  or  sliding  of  the  inner  wheels  of 
'sges  in  making  curves  or  turns  in  a  round.-    If  the  wheels  on  one  side  of  a 

ige  be  larger,  or  of  greater  diameter  than  those  on  the  opposite  side,  such 
carruge,  when  propelled,  will  necessarily  make  a  curve.  On  this  principle 
the  patentee's  conlnrancei  ore  founded.  In  running  along  a  stiaightline,  the 
'  tieriei  of  the  wheels  are  of  eaual  elevation ;  but  when  the  carriage  bas  to 

I  a  turn,  the  wheels  on  one  side  roll  on  a  greater  diameter,  or  more  extended 
periphery,  while  the  wheels  on  the  opposite  side  tun  on  a  less  extended  peti- 
pherjr,  and  the  elevations  upon  the  rails  on  which  they  run  are  so  adjusted  to 
iheM  variations,  thai  (he  differenl  peripherics  of  the  wheels  cliange  and  come 
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in  contact  with  the  Tariahle  parts  of  the  rail,  and  rui\  round  the  carves  witboat 
any  increase  of  friction. 

A  patent  for  a  suspension  railway  was  granted  to  Mr.  J.  O.  Fisher,  on  the 
2d  of  April,  1825.  This  gentleman,  it  will  be  observed,  suspends  his  carriages 
to  a  douole  Une  of  rail ;  in  this  respect,  however,  he  was  anticipated  in  idea  by 
Mr.  Palmer,  who,  in  his  little  interesting  book,  entitled,  Detcnption  ofaBml- 
way  upon  a  New  Principle^  observes, — "  to  elevate  two  lines  of  rau  for  the 
purpose  of  supporting  a  carriage,  could  not  be  done  at  a  sufficiently  moderate 
expense ;  I  therefore  endeavoured  to  arrange  the  form  of  a  carriage  in  such  a 
manner  that  it  would  travel  upon  a  single  line  of  rail  without  the  possibility  of 
overturning."  Nevertheless,  if  an  inventor  can  succeed  in  carrying  into  bene- 
ficial operation  that  which  was  thought  of  by  another  as  ineligible  to  attempt, 
he  is  entitled  to  respectful  consideration. 

Mr.  Fisher's  plan  is,  however,  not  without  originality,  and,  with  some  modi- 
fications, may  be  rendered  usefiil  in  many  situations.  The  chief  object  is  stated 
to  be  the  throwing  of  a  railroad  across  rivers,  swamps,  &c. ;  and  the  means 
proposed  of  effecting  it  will  be  readily  perceived  upon  inspecting  the  following 
diagrams,  and  referring  to  the  subjoined  explanation  of  them. 

Fig.  1  is  a  side  view  of  the  proposed  rail,  attached  by  vertical  rods  to  a  chain 
of  bars,  which  form  a  catenarian  curve ;  Fig,  2  is  a  similar  view,  but  giving 
only  a  portion  of  Fig.  1  on  a  larger  scale ;  Fig.  3  is  an  end  or  sectiontu  view 
of  Fig.  2 ;  Fig.  4  is  also  a  sectional  view,  but  of  another  form  of  rail,  which  we 
shall  describe  lastly.  •  The  letters  of  reference  denote  similar  parts  in  each  of 
the  figures,  a  is  the  rail,  made  of  stout  cast-iron  plates,  of  uniform  dimensions, 
bolted  together,  having  a  horizontal  projection,  or  plate,  b  b,  on  each  side,  for 
the  wheels  of  the  carriages,  d  d,  to  run  upon  (seen  best  in  Fig.  3) ;  //shows  the 
frame  of  the  carriage :  the  manner  of  constructing  the  wheels  on  either  side  of 
the  rail,  in  pairs,  is  exhibited  in  Fig.  3,  and  the  mode  of  joining  the  front  with 
the  hind  pair  of  wheels,  in  Fig.  2.  Iron  ringA,  g  g,  pass  through  the  centres  of 
the  lower  parts  of  the  carriage-frame,  to  which  are  suspended  the  boxes  or 
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Fig.  3. 


Fiff.  2. 
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receptacles  for  holding  the  goods  or  passengers,  one  of  which  is  shown  attached 
at  A,  Fig.  1.  The  loops  or  holes  in  the  upper  part  of  the  rail  a,  Fig.  2,  are,  of 
course,  for  the  convemence  of  bolting  it  to  the  suspension  bars,  as  seen  con- 
nected in  Fig.  1.  Each  of  the  bars  is  to  be  provided  with  a  wedge  or  screw 
adjustment,  so  as  to  regulate  the  uniformity  of  the  plane  when  any  part  sinks. 
To  give  an  idea  of  the  other  form  of  rail,  the  section  Ftg.  4  is  sufficient  Here 
it  will  be  seen  that  the  rail  (if  we  may  so  term  it)  is  of  the  form  of  a  souare 
tube  or  hollow  trunk,  1 1,  with  an  opening  or  slit  on  the  lower  side  for  the  bar  j 
(which  is  fixed  to  the  axletree  of  the  carriage)  to  pass  through,  for  the  purpose 
of  being  connected  to  a  box  or  receptacle  underneath.  This  square  cast-iron 
trunk,  or. rail,  is  to  be  suspended,  as  in  the  previously  described  rail,  to  a  chain 
of  iron  bars  or  wires,  drawn  nearly  tight,  so  as  to  form  a  catenarian  curve  when 
stretched  over  the  place  to  be  crossed. 
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The  mode  of  propeUing  the  carriages  it,  we  believei  not  stated  in  the  specifi- 
cation, bat  we  undentand  it  b  to  be  performed,  when  the  crossing  of  riTets  or 
raTioes  is  the  object,  by  eloTating  that  end  in  which  the  carriages  are  placed, 
and  letting  them  find  their  way  to  the  other  end  by  their  own  gravity.  By 
such  ajiroposition,  it  is  probable  that  the  patentee  does  not  intend  it  for  any 
eztennye  work,  as  the  means  proposed  of  producing  motion  are  applicable  only 
to  sach  cases  as  we  have  mentioned. 

As  it  is  indispensable  that  carriages  which  have  to  run  upon  edge  railways 
shonld  be  provided  with  wheeb  that  have  lateral  flanges  upon  ^eir  peripheries 
to  prevent  them  firom  running  off  it ;  and  as  such  projecting  flanges  render 
them  inapplicable  to  carriage  on  the  common  roao,  into  which  they  would 
make  dem^  destructive  incbion%  if  drawn  or  propelled  over  them,  it  necessarily 
became  of  importance  to  contrive  such  a  wheel,  orperipkery  of  a  wheel,  as 
would  run  witnout  detriment  oo  either  road  or  rail.  We  think  we  have  noticed 
several  methods  of  providing  for  thb  object :  but  that  which  appertains  to  our 
present  chronological  position  b  the  subject  of  a  patent  granted  to  R.  W. 
Brandling,  Esq.,  of  Newcastle-upon-Tyne,  on  the  12th  of  April,  1825.  The 
wheels  he  uses  for  thb  purpose  have  tires,  provided,  as  it  were,  with  two  peri- 
pheries or  external  circles  of  different  diameters.  Thus,  upon  an  edge  rafl,  the 
periphery  of  the  smaller  diameter  of  the  tire  runs  upon  it,  and  the  larger  diameter 
becomes  the  guiding  flange  to  keep  the  carriage  m  its  course.  And  when  the 
same  are  run  upon  a  common  road,  the  larger  diameter  only  comes  into  opera- 
tion, keeping  the  smaller  diameter  clear  of  the  ground,  Unless  the  latter  should 
be  in  a  soft  state,  when  it  will  tend  to  keep  the  whee{  from  sinking  deeper  in  the 
road.  Thb  patentee  has  likewise  included  in  his  specification  some  plans  for 
making  turns  or  curves  in  the  roads,  by  means  of  projecting  ribs  on  the  surface 
of  the  rail  of  different  elevations,  with  wheels  designed  to  correspond  thereto ; 
but  as  in  these  contrivances  Mr.  Brandling  was  anticipated  a  few  weeks  prior 
by  Mr.  W.  H.  James  (already  described),  we  shall  not  here  enbrge  on  the 
subject 

In  the  invention  patented  by  Mr.  Thomas  Hill,  Jun.,  of  Ashton-under-Line, 
dated  the  10th  of  May,  1825,  that  gentleman  proposes  to  construct  a  steam- 
carriage  equally  adapted  to  run  upon  edge-rails,  tram-plates,  and  the  common 
road.  For  this  purpose  be  makes  the  gmding  flanges  removable  at  pleasure  by 
the  withdrawal  of  bolts,  by  which  they  are  connected  to  the  fellies  of  the  wheeb. 
Another  invention  consists  in  making  the  running  wheeb  of  the  carriage  revolve 
loosely  upon  a  fixed  axletree,  whicli,  when  applied  to  railways,  he  considers  to 
be  a  new  and  useful  invention.  This  is,liowever,  a  mistake,  as  they  have  been 
so  used,  but  were  abandoned  on  account  of  their  unsteadiness,  and  other  defec- 
tive action.  A  third  contrivance  is  to  lock  the  fore-axle  to  the  perch,  to  prevent 
its  turning  round  when  upon  a  Railway,  by  means  of  a  square  staple  entering 
loops  or  eyes.  A  fourth  invention  consbts  in  making  the  rails  of  tubes  instead 
of  solid  bars,  to  save  metal,  and  obtain  strength.  There  are  some  other  trifling 
appendages  or  alterations  to  steam-carriages  and  railroads,  for  the  description  of 
wmch  we  must  refer  the  reader,  who  may  require  more  information,  to  the 
enrolled  document. 

A  suspension  railway,  combining  the  characteristic  features  of  Mr.  Palmer's 
and  Mr.  Fisher's  previously  described,  was  patented  by  Mr.  Maxwell  Dick,  of 
Irving,  in  Ajrrshire,  on  the  21st  of  May,  1829;  doubtless,  in  ignorance  of  those 
precedents,  as  we  were  personally  assured  by  the  latter  patentee.  The  chief 
object  of  this  gentleman  was,  as  is  stated  in  the  title  of  his  patent,  "for  the 
conveyance  of  passengers,  letters,  intelligence,  packages,  and  other  soods,  with 
great  velocity.  The  means  which  he  adopts  for  this  purpose,  are  designed  to 
obviate  the  necessity  and  enormous  expense  of  cutting  and  embanking  resorted 
to  on  railways  of  the  ordinary  kind.  The  rail  b  supported,  like  Mr.  Palmer's, 
upon  vertical  pillars,  but  carrying  a  double  track  for  the  carriages,  like  Mr. 
Fisher's.  Mr.  Dick  has,  however,  added,  what  he  denominates  **  safety  rails," 
one  on  each  side  of  the  track,  against  which  anti-friction  wheels,  attached  to 
the  carriages,  are  made  to  act,  in  case  of  the  carriages  receiving  from  any 
cause  an  impulse  upwards.     The  patent  likewbe  embraces  a  combination  of 
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wbeel-work,  for  communicating  a  high  velocity  to  the  carriaM.  A  large  and 
well  constructed  working  model  of  this  invention  was  publicly  exhibited  for 
several  weeks  at  Charine  Cross,  London,  in  1830,  and  drew  crowds  of  vidtors, 
who  were  surprised  and  delighted  at  the  velocity  with  which  the  carriages 
darted  along  the  wire  rails  across  the  room,  by  the  application  of  a  small  force. 
The  notoriety  of  this  invention,  as  well  as  the  capaoiUty  of  its  being  usefullv 
applied  under  many  circumstances  and  situations,  for  light  loads  at  high 
velocities,  seems  to  require  ftt>m  us  something  more  than  Sus  brief  historical 
notice.  Accordingly  we  proceed  to  give  a  few,  out  of  the  many  details  and 
modifications,  which  the  prolific  mind  of  the  inventor  has  thrown  together  in 
his  specification.  From  this  document  we  learn  that  the  patentee  espedaUy 
designed  his  invention  for  traversing  undulating,  rugged,  and  abrupt  ground 
the  crossing  of  rivers,  mosses,  marshes,  &c.  Pillars  are  to  be  erected  of  brick 
or  stone  witii  lime,  at  given  distances  apart,  suppose  fifty  yards ;  between  each 
of  these  may  be  placed  four  or  five  cast  metal  pillars,  according  to  circumstances, 
for  bestowing  the  requisite  stability  and  keepmg  the  rail  firee  from  undulations. 
On  the  top  of  each  of  the  pillars  is  to  be  fastened  a  firame,  to  which  the  rails 
are  to  be  secured,  and  to  the  frames  are  connected  grooved  friction  wheels  or 
pulleys,  between  which  the  drag-line  is  conducted.  The  rails  are  to  be  made 
of  the  best  wrought  iron,  such  as  is  used  for  chain  cables,  and  they  are  to  be 
duly  connected  together  in  great  lengths,  and  secured  to  the  frames  in  such 
manner  as  to  make  the  top  surface  smooth,,  and  free  from  all  obstruction  to  the 
motion  of  the  carriages.  Between  each  frame  there  are  to  be  introduced  three 
or  four  cast-iron  braces,  to  prevent  vibration  and  stiffen  the  structure.  The 
method  proposed  for  dragging  the  carriage  along  the  riulway,  is  by  fixed  or 
stationary  engines  acting  with  drag-lines  or  ropes  attached  to  the  carriage, 
which,  if  the  railway  be  double,  (as  in  the  subjoined  illustration)  will  act  in  an 
endless  round ;  but  if  the  line  of  railway  be  single,  then  the  engine  will  be 
nterchangeable  and  reciprocal. 


Fig.  1. 


-^'^f^l  \i 


Fig.  1  represents  a  side  elevation  of  one  span  of  a  double  suspension  railway, 
supported  at  the  extremities  by  a  pier  of  masonry,  d  d,  and  at  equal  distances 
by  K>ur  cast-metal  pillars  e  e  e  e,  a  is  the  upper  or  "  bearing  rail ;"  b  the  lower 
or  "  safety  rail,"  which  are  bound  together  by  intermediate  stay  braces,  better 
shown  on  a  larger  scale  at //in  figures  2,  3,  and  4. 

Fig,  2. 
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Fig.  2  show*  a  front  elevation  of  a  frame  e  c  c,  far  a  double  line  aT  rail,  nilh 
a  carriagi^  on  one  of  tbem  at  g.  The  Icttera  of  reference  in  this  figure,  as  in 
all  tlie  Dt1ier«,  designate  aimiUr  parti ;.  it  therefore  need  only  be  aald,  tliat  the 
9lay  braces// are  aecn  in  neclion  betneen  the  rails  a  b- 

Fig.  3  gives  a  aide  elevation  of  a  corringe  on  a  portion  of  rail ;  li  h  k  being 
the  tunning  wheels,  and  i  i  i  the  anti-friction  rollers,  which  prevent  the  carriage 
from  being  thrown  off  the  railway.  An  eiamination  of  Fig.  2,  which  eihibils 
the  end  view  of  ihia  carriage,  will  fully  ciplain  its  form  and  eonalruclion. 


la  carriage,  i 


r>g.i. 


Fig.  4  iia  perapective  sketch  of  one  of  the  itay  braces  on  a  larger  scale. 
The  expense  of  one  mile  of  railivavon  this  principle  ii  calculated  at  139S/.  lOi.Bd. 
The  ftdvanw^rcs  con  t,-m plated  ure  at.-.ied  by  Mr.  Dick  aa  (ollows  :  "  In  the  first 
place,  u  jou  cave  disttmce,  so  do  you  save  time ;  which  all  niiiit  admit,  that  in 
B  commercial  aa  well  as  in  a  political  point  of  view,  ia  of  the  utmost  importance. 
The  Buspennon  rail  takes  a  itraightforwaid  point  from  one  town  to  another, 
without  regard  to  the  surface  of  country  over  which  it  hai  to  go,  whether  riting 
or  falling,  croiaing  of  rivers,  or  olberwtie.  All  ar«,  bj  regiuacing  the  height* 
of  the  pillars,  with  the  same  ease  gone  over,  and  n  Ihat  mean*  aanng  of 
distance,  aaving  of  surface  ground,  saving  bends  in  the  fomatioD  of  the  rail ; 
which  bends,  besides  the  extra  expense  of  originally  laying,  lie  always  liable  to 

Seat  derangement  &om  the  lateral  friction  of  Uia  waggons  coming  round 
em,  compared  to  tbat  of  a  straight  line  of  rail.  Secondly,  the  luspeDMon 
railway,  over  that  of  the  ground  railway,  hat  another  immenaa  advantage; 
that  ia,  as  far  ai  expense  is  concerned,  which  is,  in  the  saving  of  all  embank- 
ments, excavation*,  building  of  bridges,  cutting  of  tunnels,  beaidea  the  great 
bread^  of  surface  ground.  Thirdly,  and  which  I  think  the  moat  important 
of  aU,  ia  the  great  deapstch  to  be  gained  by  the  suspension  railway,  without,  in 
the  least  degree,  endangering  either  persons  or  property,  its  height  being  suffi- 
cient at  all  places  to  allow  every  agricultural  and  commercial  intercourse  to  go 
under  it  without  interruption:  and  then  the  carriages  being  so  completely 
locked  within  the  rul  prevents  any  chance  of  tbeir  escape,  whatever  may  be 
Iheir  velocity." 

We  conclude  our  account  of  the  second  era,  by  a  notice  of  the  conitruc^on 
of  the  Mancbeiler  and  Liverpool  Railway. 

Liverpool  a  the  port  whence  Manchester  receives  all  her  raw  material*,  and 
to  which  she  returns  a  large  portion  of  manufactured  goods  for  ahipment  to  all 
parts  of  the  world.  By  means  of  the  railroad,  the  transit  of  good*  is  now 
effected  in  about  one  eighteenth  part  of  the  time  previously  occupied  by  the 
water  conveyaiice  of  fifty  miles,  besides  a  aaving  of  fifty  per  cent,  in  the  coat 
per  ton  of  carriage  ;  and  these  two  great  towns  are  by  thirty-one  miles  of  rail- 
way, as  much  connected  for  the  purpoaea  of  business  or  pleasure,  as  the  eastern 
and  western  extremities  of  London.  The  undertaking  was  commenced  in  June, 
1826,  under  the  direction  of  Mr.  George  Stevenson.  It  runs  in  nearly  a  straight 
line.     Tlie  following  are  the  gradient*  of  the  line ; — 


Tunnel  under  the  Town  of  Liverpool,  from 

Wapping  to  Edge-hill 

Level 

To  tbe  Foot  of  Wbislon,  or  Rainhill  Plane . 

Rainhill  inclination 

Rainhill  level 

Carried  lorward 


UUs.  Ydi. 

PI 

lUS. 

1 

240 

Rise.l 

in  48. 

Level. 

,1 

??0 

Fall,! 

in  1092. 

1 

fiflO 

Rise, 

in  96. 

1 

I54U 

Level. 

ID 
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Sutton  plane   . 
Parr  Moss    .  . 

Ditto 

Chat  Moss    .  . 
To  Manchester 


Brought  forward 


U'dn. 

Yd«. 

10 

360 

\ 

880 

2 

880 

6 

880 

5 

880 

4 

880 

Total I  30  1240 


Planes. 


Fall,  1  in  96. 
Fall,  1  in  2640. 
Fall,  1  in  880. 
Rise,  1  in  1200. 
Level. 


The  Tunnel  under  Liverpool  was  constructed  in  seven  or  eight  separate 
lengths,  each  communicating  with  the  surface  by  means  of  perpendicular  shafts. 
About  half-a-mile  from  the  tunnel  the  railroad  crosses  Wavertree-lane ;  half-a- 
mile  to  the  north  of  Wavertree,  at  Olive  Mount,  there  is  an  excavation  through 
the  solid  rock,  70  feet  below  the  surface,  and  two  miles  in  length.  The  road  is 
then  carried  by  means  of  a  great  embankment,  varying  from  15  to  45  feet  in 
height,  and  from  60  to  135  feet  in  breadth,  at  the  base,  across  a  valley  at  Roby, 
or  Broadereen,  two  miles  in  length.  It  then  crosses  the  Hayton  turnpike 
road  a  little  past  Roby ;  six  miles  and  three  quarters  from  Liverpool,  there  is  a 
junction  railway  for  the  conveyance  of  coals  from  the  neighbouring  mines  on 
the  right,  and  at  a  distance  of  seven  or  eight  miles  from  the  Liverpool  station, 
it  comes  to  the  Whiston  inclined  plane,  which  is  one  mile  and  a  half  long,  and 
rises  about  1  in  96. 

There  is  stationed  here  an  assistant  locomotive  to  aid  the  carnages  in  their 
ascent.  For  nearly  two  miles  the  road  is  then  on  an  exact  level.  It  was  on 
this  part  of  the  road  that  the  contest  of  locomotive  carriages,  for  the  premium 
of  500/.,  took  place  in  October,  1830,  the  result  of  which  determined  the 
directors  to  make  use  of  locomotive  engines  instead  of  stationary  ones.  About 
half  a  mile  from  the  Whiston  plane,  at  Rainhill,  the  Liverpool  and  Manchester 
turnpike  road  crosses  the  railway,  at  an  angle  of  thirty-four  degrees.  On 
leaving  the  level  at  Rainhill,  the  railway  crosses  the  Sutton  inclined  plane, 
which  is  of  the  same  extent  as  that  at  Whiston,  and  descends  in  the  same  pro- 
portion that  the  other  rises ;  there  is  here  another  assistant  engine. 

The  next  object  of  interest  is  Parr  Moss,  the  road  over  which  is  fonned 
principally  of  the  clay  and  stone  dug  out  of  the  Sutton  inclined  plane,  and 
extends  about  three  quarters  of  a  mile.  The  moss  was  originally  about  twenty 
feet  deep,  and  the  embankment  across  it  is  nearly  twenty-five  feet  high,  though 
only  four  or  five  feet  now  appear  above  the  surface,  the  rest  having  sunk  below 
it.  The  road  is  then  carried  over  the  valley  of  Sankey,  by  means  of  a  massive 
and  handsome  viaduct,  consisting  of  nine  arches,  of  fifty  feet  span  each, 
the  height  of  the  parapet  being  seventy  feet  above  the  Sankey  canal  in  the 
valley  beneath.  The  viaduct  is  built  principally  of  brick,  with  stone  facings, 
and  the  foundations  rest  on  piles  of  from  twenty  to  thirty  feet  in  length,  driven 
into  the  ground.  The  breadth  of  the  railway  between  the  parapets  is  twenty- 
five  feet.  The  viaduct  is  approached  by  a  stupendous  embankment,  formed 
principally  of  the  clay  dug  from  the  high  lands  surrounding  the  valley.  A 
little  to  the  south  of  the  town  of  Newton  the  railway  crosses  a  narrow  valley, 
by  the  short  but  lofty  embankment  of  Sandy  Mains,  and  a  handsome  bridge  of 
four  arches,  each  of  forty  feet  span,  under  one  of  which  passes  the  Newton  and 
Warrington  turnpike  road.  The  Wigan  and  Newton  branch  here  enters  the 
railway. 

A  few  miles  beyond  Newton  is  the  great  Kenyon  excavation,  from  which 
above  eight  thousand  cubic  yards  of  clay  and  sand  were  dug  out.  The  Kenyon 
and  Leigh  junction  railway  here  joins  the  Liverpool  and  Manchester  line,  and 
as  it  also  joins  the  Bolton  and  Leigh  line,  brings  into  a  direct  communication 
Liverpool  and  Bolton.  The  Liverpool  and  Manchester  railway  then  passes 
successively  under  three  handsome  bridges;  and  a  little  beyond  Culcheth,  over 
the  Brosely  embankment,  which  is  about  a  mile  and  a  half  in  length,  and  from 
eighteen  to  twenty  feet  in  height.  It  then  passes  over  Bury-lane,  and  the 
small  river  Gless  or  Glazebrook,  and  a  river  at  Chat  Moss.    This  is  a  huge 
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bcMb  coni[ttMMg  ao  area  of  about  twelve  square  miles,  so  soft  tbat  cattle  cannot 
waBi:  ofer  i^  and  in  many  narta  so  fluid  that  an  iron  rod  laid  upon  the  surface 
woald  link  to  the  bottom  oy  the  effects  of  its  own  gravity.  It  is  from  ten  to 
durty-five  feet  deep,  and  the  bottom  is  composed  of  clay  and  sand.  Hurdles 
ef  brnahwood  and  heath  are  placed  under  the  wooden  sleepers,  supporting  the 
laHa  orer  the  greatest  part  of  the  moss,  and  the  road  may  be  said  to  float  on 
the  mfiwe.  .The  most  difficult  part  was  on  the  eastern  border,  extending 
abooft  bair  a  mfle,  where  an  embankment  of  about  twenty  feet  in  height 
waa  made,  and  inany  thoosand  cubic  feet  of  earth  sank  into  the  moss  and 
diwypeared  before  the  line  of  road  approached  the  proposed  level.  At  length, 
iMNveWy  it  beeame  oonaolidated ;  in  1829  one  railway  was  laid  over  the  whole 
BKM%  and  on  the  1st  of  January,  1830,  the  Rocket  steam-engine,  with  a 
eaniage  and  pasaengen,  passed  over  it  The  line  extends  across  the  moss,  a 
dirtnce  of  aboat  four  miles  and  three  quarters ;  and  the  road  is  not  inferior  to 
any  other  part  of  the  railway. 

On  leavmg  Chat  Moas,  the  road  passes  over  the  lowlands  at  Barton,  extend- 
ing aboot  a  mile  between  the  moss  and  Worsley  canal  by  means  of  an 
eiMMnkment ;  it  is  carried  over  the  canal  by  a  neat  stone  viaduct  of  two  arches. 
It  then  proceeds  through  Eccles,  and  a  portion  of  Salford,  under  six  bridges ; 
it  is  earned  over  the  Irwell  by  a  handsome  stone  bridge  of  sixty-three  feet  span, 
thirty  feet  from  the  water;  and  then  over  twenty-two  brick  arches,  and  a 
bridge  over  Water-street  to  the  company's  station  in  Water-street,  Manchester, 
a  dirtance  of  thirty-one  miles  from  tne  Liverpool  station.  The  ndlway  is  there 
on  a  level  with  the  second  story  of  the  Company's  warehouses. 

The  following  general  abstract  of  the  expenditure  upon  the  work,  up  to  31st 
May,  1830,  showing  the  cost  of  the  different  branches  of  the  undertaking, 
may  be  found  useful  for  comparison  with  the  cost  of  more  recent  works  of  the 
kind: — 

Advertising  account £332     1     4 

Brick-makmg  account 9,724    4    4 

Bridge  account     .    .   ' 99,065  11     9 

Charge  for  direction       1,911     0    0 

Charge  for  fencing 10,202  16    5 

Cart  establishment 461     6    3 

Chat  Moss  account  * 27,719  11   10 

Cuttings  and  embankments  f 199,763     8     0 

Canying  department,  comprising  ac- 
count expended  inland  and  buildings 
for  stations  and  depdts,  warehouses, 
offices,  &c.,  at  the  Liverpool  end     .    j£35,538     0     0 
Expended  at  the  Manchester  station    .         6,159    0    0 

Side  tunnel 2,485     0    0 

Gas-light  account,   including   cost  of 

pipes,  gasometer,  &c 1,046    0    0 

Engines,  coaches,  machines,  8rc.  .      .       10,991  11     4 

56,219  U     4 


Carryforward       £405,399  11     3 

•  The  embankments  included  under  this  head  consist  of  about  277,000  cubic  yards  of  raw  moss 
earth,  in  the  formation  of  which,  about  677,000  cubic  yards  of  raw  moss  have  been  used ;  the  dif- 
ference in  measurement  being  occasioned  by  the  squeezing  out  of  the  superabundant  water,  and 
consequent  consolidation  of  the  mohs.  The  expenditure  on  this  part  of  the  line  has  been  less  than 
the  average  expenditure. 

t  Under  this  head  is  comprised  the  earth  work  on  the  whole  line,  exclusive  of  the  Chat  Moss 
district.  The  cuttings  somei»hat  exceed  the  embankings;  the  surplus  is  principally  deposited 
along  the  border  of  the  Great  Kenyon  Cutting.  The  excavations  consist  of  about  722,000  cubic 
yards  of  rock  and  shole,  and  about  2,006.000  cubic  yards  of  marl,  earth,  and  sand.  This  aggregate 
mass  has  been  removed  to  various  distances,  from  a  few  furlongs  to  between  three  and  four  miles : 
and  no  inconsiderable  portion  of  it  has  been  hoisted  up  by  machinery,  firora  a  depth  of  thirty  to 
sixty  lieet,  to  be  deposited  on  the  surface  above,  either  to  remain  in  permanent  spoil  banks,  or  to  be 
afterwards  carried  to  the  next  embankment.  ^  •    *  w  u^ 
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Brought  forward €405,399  11     3 

Formation  of  the  road*       20,568  15    5 

Rail  account 67,912    0    0 

This  expenditure  comprises  the  following  items : — 
Rails  for  a  double  way  from  Liverpool 

to  Manchester,  with  occasional  lines 

of  communication,    and   additional 

side-lines  at  the  different    depdts, 

being  about  35    miles    of   double 

way   =  3,847  tons,  at  prices  ave- 
raging something  less  than  12/.  10«. 

per  ton i548,000    0    0 

Cast-iron  chairs,   1,428  tons,    at   an 

average  of  10/.  lOf. 15,000    0    0 

Spikes  and  keys  to  fasten  the  chairs  < 

to  the  blocks,  and  the  rails  to  the 

chairs 3,830    0    0 

Oak  plugs  for  the  blocks     ....  615     0    0 

Sundry  nreights,  cartages,  &c.       .     .  467     0    0 

Interest  account  (balance) 3,629  16     7 

Land  account 95,305     8     8    * 

Office  establishment 4,929    8     7 

Parliamentary  and  law  expenditure       28,465    6  11 

Stone  blocks  and  sleepers  t 20,520  14    5 

Surveving  account    . 19,829    8     7 

Travelling  account 1,423     1     5 

Tunnel  account 34,791     4     9 

Tunnel  compensation  account 9,997    5     7 

Waggons  used  in  the  progress  of  the  work 24,185     5     7 

Sundry  payments  for  timber,  iron,  petty  disbursements,  &c.       2,227  17     3 

Total     .     .    •.     .     ie739,185     5     0 

About  100,000/.  more  were  required  to  complete  the  work. 

In  the  formation  of  the  railway,  there  have  been  dug  out  of  the  different 
excavations  upwards  of  three  millions  of  cubic  yards  of  stone,  clay,  and  soil ; 
which  is  equal  to,  at  least,  four  millions  of  tons  ! 

After  mature  consideration  of  the  reports  and  calculations  of  various  engineers, 
appointed  to  consider  the  most  eligible  description  of  power  for  the  Manchester 
and  Liverpool  railroad,  they  determined  in  favour  of  locomotive  engines,  pro- 
vided they  could  be  made  sufficiently  powerful,  and  at  the  same  time  not  of  so 
great  a  weight  as  to  injure  the  stability  of  the  rails,  and  without  emitting  smoke, 
which  is  one  of  the  provisions  of  the  Railway  Act  With  the  view  also  to 
obtain,  if  possible,  an  engine  of  improved  construction,  a  public  reward  was 
offered  by  the  directors  in  April  1829,  for  the  best  locomotive  engine,  subject  to 
certain  stipulations  and  conditions,  which  may  be  thus  briefly  stated :  viz.  to 
consume  its  own  smoke  :  to  be  capable  of  drawing  three  times  its  own  weight, 
at  ten  miles  an  hour,  and  with  a  pressure  not  exceeding  50lbs.  upon  the  square 
inch  on  the  boiler :  two  safety  valves,  one  locked  up :  engine  and  boiler 
to  be  supported  on  springs,  and  rest  on  six  wheels  if  it  should  exceed  4  4  tons : 
height  to  top  of  chimney  not  more  than  15  feet :  weight,  including  water  in 
boiler,  not  to  exceed  6  tons  ;  but  preferred  if  of  less  weight :  boiler,  &c.  proved 
to  bear  three  times  its  working  pressure:  pressure  gauge  provided:  cost  of 
machine  to  be  not  more  than  550/. 

*  By  thia  is  understood  what  is  termed  ballasting  the  road, — that  Is,  depositing  a  Izyer  of  broken 
rock  and  sand,  about  two  feet  thick ;  viz.  one  foot  below  the  blocks,  and  one  foot  distributed '6<'/arecii 
them,  serving  to  keep  them  firm  in  their  places.  Spiking  down  the  iron  chairs  to  the  b'iocks  or 
sleepers,  fastening  the  rails  to  the  chairs  wi  h  iron  keys,  and  adjusting  the  railway  to  the  exact 
width,  and  curve,  and  level,  come  under  this  head  of  expenditure. 

t  Out  of  thirty-one  miles,  eighteen  are  laid  with  stone  blocks,  and  thirteen  with  wooden  sleeper 
of  larch;  the  latter  being  laid  principally  acrotw  the  embankment  and  acroM  the  two  districta 
of  moss. 
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On  Ilia  day  appointed,  the  fi>Uowing  engines  were  entered  for  trial  for  the  priie ; 
and  the  jn^ea  ^pointed  to  decide  were,  Mr.  Nicholas  Wood,  of  Killingworth, 
(to  whose  laboora  we  stand  much  indebted  in  this  article,)  Mr.  Rastrick,  of  Stoor- 
hndjK,  and  Mr.  Kennedy,  of  Manchester,  who  made  judicious  arrangements. 

The  RoekH  Steam  locomotive,  by -Mr.  Robert  Steyenson. 

The  Novekp  ditto  «,  >      by  Messrs.  Braithwaite  &  Erricson. 

The  Smu  Pareil  ditto  by  Mr.  Timothy  Hackworth. 

The  Peneveranee  ditto  by  Mr.  Burstall  of  Edinburgh. 

The  CyeUtpede       Hone  locomotive,  by  Mr.  Brandreth  of  LiverpooL 
The  trial,  aa  before  mentioned,  took  place  on  the  level  at  RainhilL  Several  days 
were  employed  in  getting  them  into  the  best  working  condition  for  the  contest 

Ton.  cwt.  qr.  lb. 
The  i2oci«l  weighed      ...    4    5    0    0 
Tender,  with  water  and  coke  .3402 
Two  loaded  carriages  attached      9  10    3  26 

Total  weight  in  motion    .    .  17    0    0    0 

The  rate  of  performance  of  this  engine  was  found  by  the  judges  to  be  70  miles 
in  about  five  hours,  or  14  miles  per  hour;  with  an  evaporation  of  114  gallons 
per  hour,  and  a  consumption  of  coke  of  21  Tibs,  per  hour.  The  greatest  velocity 
attained  was  on  the  last  eastward  trip,  the  1|  mue  being  accom^ished  in  3'  44 ', 
which  is  at  the  rate  of  24^  miles  per  hour. 

On  the  following  day  the  next  engine  brought  up  to  the  starting  post  was  the 
Sou  Pareiif  but  on  weighing,  it  was  found  to  exceed  the  condition  of  4|  tons 
upon  four  wheels,  therefore  could  not  strictly  compete  for  the  prize.  Never- 
theless, it  underwent  a  trial  of  its  powers,  in  order  that  the  Directors  might  be 
acquainted  with  its  merits. 

Ton.  cwt.  qr.   lb. 
The  weight  of  the  Smu  Pareil   .     .    4  15    2    0 
Tender  with  water  and  fuel   ...    3    6    3    0 
Three  loaded  carriages  attached     .  10  19    3    0 

Total  weight  in  motion       .    -     .  19     2    0    0 

In  making  theieighth  trip  on  the  running  ground,  the  pump  that  supplied  the 
water  to  the  boiler  became  disordered  in  its  action,  by  which  the  level  of  the 
water  in  the  boiler  became  reduced  below  the  fire  tube,  and  the  leader  plug, 
employed  as  a  safety  valve,  was  melted,  and  put  an  end  to  the  experiment. 
But  as  far  as  the  experiment  was  conducted,  which  extended  to  27}  miles,  the 
performance  was  creditable,  being  19|  tons  conveyed  at  the  rate  of  15  miles  per 
oour.  The  greatest  velocity  attained  was  in  the  fifth  trip;  the  1|  mile 'being 
traversed  in  3'  59",  which  is  at  the  rate  of  22}  miles  per  hour.  The  consump- 
tion of  the  coke  in  this  engine  was  enormous,  being  at  the  rate  of  6921bs.  per 
hour,  which  was  found  to  be  owing  to  the  draft  through  the  fire-place  being  so 
powerful,  as  to  blow  red-hot  cinders  out  of  the  chimney  shaft. 

The  Novelty f  which  was  not  tried  until  the  10th,  owing  to  unavoidable  cir- 
cumstances, carried  its  own  water  and  fuel ;  and,  ^erefore,  to  place  it  on  the 
same  footing  as  the  other  engines,  the  same  proportion  of  useful  load  was 
assigned  to  it  when  compared  to  the  engine,  as  the  useful  loads  taken  by  the 
other  engines  have  to  their  weight    The  power  and  its  load  were  accordingly 

as  follow : — 

Ton.  cwt.  qr.  ib. 

Weight  of  the  Novelty,  with  water  in  the  boiler    .3100 

Tank,  water,  and  fuel 0  16    0  14 

Two  loaded  carriages  attached        6  17     0     0 

Total  weight  in  motion 10  14     0  14 

In  the  eariy  part  of  the  trial  with  this  engine,  the  water  supply-pipe  burst. 
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and  put  an  end  to  the  experiment  for  that  day.  Two  or  three  days  afterwards 
the  trial  was  renewed,  but  another  unfortunate  accident  (that  of  one  of  the 
joints  of  the  boiler  giving  way)  terminated  the  proceedings,  at  the  desire  of 
Mr.  Erricson,  who  voluntarily  withdrew  his  carriage  from  the  contest.     The 

Serformance  of  the  engine,  while  it  lasted,  indicated  very  excellent  results ;  the 
esign,  arrangement,  and  execution  of  the  work,  were  likewise  highly  creditable 
to  the  genius  and  talent  of  the  proprietors. 

The  Perseverance,  after  a  short  trial,  was  proved  unsuited  to  the  railway,  and 
was  immediately  withdrawn  by  the  proprietor.  The  course  was  thus  left  clear 
for  Mr.  Stevenson  to  receive  the  fairly  won  prize  of  500/.,  which  was  awarded 
to  him  by  the  judges. 

The  Cyclopede,  though  included  in  the  foregoing  list  of  rival  machines,  not 
being  propelled  by  the  power  mentioned  in  the  "  stipulations  and  conditions, " 
it  could  not  be  properly  considered  as  entering  the  lists  for  the  prize  therein 
proposed;  it  was,  however,  an  inquiry  well  worth  the  investigation,  what 
degree  of  power  horses  could  exert  in  a  locomotive  machine  of  the  kind,  and 
thereby  determine  its  comparative  economy  with  that  of  steam.  For  these 
reasons  a  trial  of  the  Cycfopede  took  place ;  but  it  only  attained  a  speed  of 
five  or  six  miles  an  hour,  owing,  as  we  believe,  to  the  horses  not  having  suffi- 
cient power  to  exert  themselves  in  their  stalls,  as  well  as  to  an  injudiciotu  con- 
struction of  some  parts. 

To  discover  the  cause  of  the  great  increase  of  speed,  and  the  variable  quan- 
tities of  fuel  consumed  by  the  different  locomotive  engines,  which  competed  for 
the  prize  at  the  Manchester  and  Liverpool  railway,  Mr.  Wood  instituted  the 
comparative  view  of  each,  which  is  exhibited  in  the  following  table : — 


Names 

of 
Engines. 

Area  of 

Fire-grate 

in  feet. 

Area  of 

radiant 

Surface, 

in  feet. 

Area  of 

communicativf 

Surface, 

infect. 

Cubic  feet  of 

Water 

evaporated 

per  hour. 

Pounds  of 
Coke  required 
to  eraporate 
a  Cubic  Foot 

of  Water. 

1 

Rocket  .  .  . 
Sans  Pareil . 
Novelty.  .  . 
Old  Engines. 

6. 
10. 
1.8 
7. 

20. 
15.7 
9.5 
11.5 

117.8 
74.6 
33. 
29.75 

18.24 
24. 

15.92 

11.7 

28.8 

18.34 

**  In  examining  the  above,  we  find  a  very  important  effect  in  the  economy  of 
fuel,  produced  by  the  Rocket  over  the  old  engines,  in  the  proportion  of  11.7  to 
18.34,  supposing  the  heating  powers  of  coke  and  coal  be  equal.  The  cause  of 
this  is  very  obvious,  and  is  entirely  attributable  to  the  use  of  the  tubes  of 
small  diameter,  presenting  such  an  area  of  surface  to  the  water  in  the  boiler. 
These  tubes  were  used  at  the  suggestion  of  Mr.  Booth,  treasurer  to  the  Liver- 
pool and  Manchester  Railway  Company,  and  nothing,  since  the  introduction  of 
those  engines,  has  given  such  an  impulse  to  their  improvement 

**  With  a  less  area  of  fire-grate  than  the  old  engines,  the  surface  exposed  to 
the  radiant  heat  of  the  fire  is  as  20  :  11.5,  and  the  surface  exposed  to  tne  com- 
municative power  of  the  heated  air  and  flame,  as  117.8  :  29.75,  nearly  four 
times  as  great. 

**  Nor  is  this  the  only  difference ;  in  the  old  engines  the  area  of  the  tube  (of 
22  inches  diameter)  for  the  passage  of  the  flame  and  heated  air  to  the  chimney, 
was  380.13  inches;  and  of  this  large  body  of  flame  and  air  passing  through  the 
tube,  only  an  extent  of  surface  of  09.11  inches  was  exposed  to  the  water  in  the 
boiler.  In  the  Rocket  engine,  the  area  of  heated  air  and  flame  in  25  tubes, 
3  inches  each  in  diameter,  was  176.7  inches,  while  the  surface  exposed  was 
235.6  inches. 

"  It  is  not  necessary,  perhaps,  to  pursue  the  comparison  further.  The  economy 
of  fuel  which  must  result  from  the  exposure  of  so  much  greater  surface  to 
the  water,  cannot  fail  to  insure  a  more  perfect  abstraction  of  the  heat,  and  thus 
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agtcoly  Kn  fiiefii^  but  prevent  great  put  oTtheprevioiudeitiuctioiKrf'tbe 
dfaniMji  bjr  th*  lutaiue  hut  of  the  matted  caloric. 

'.**  The  MiM  TMuAs  ■ppl)'  io  the  Swu  Pareil  of  Hr.  HicfcrnMb,  ai  to  the  old 
tmm»,  iboogb  in  •  IcM^^ree.  In  the  Rocket,  the  nirikce  ezpoaed  lo  the 
tamMttheatOTdiafii^cooipaied  with  the  area  of  fire-grate,  iiaiS^:  1,  while 
ia  the  jSw>  i>«ni^  it-b  only  1}  :  1;  the  ume  pni[iortion  a*  in  the  old  eannee. 
In  A*  Aoeirt,  die-iarface  expoaed  to  the  heated  air  and  flame,  compared  with 

*"" '■ -■__!._    ,n.     ■     ^{,3^  ;„  (ii,  Sant  PartU,  the  pioportioa 

g  throogh  the  tube  of  the  latter,  will,  at 

...  ,,  iquare  inchei,  the  ezpoied  nirfiee  being 

47.li^  M  "26 : 1,  nev^ ;  while,  m  before  ilated,  the  bnik  of  air  paMing  through 
dw  tabM  of  ibt»  Botitt,  it  176.7  inchet,  or  pracieeljr  that  of  tlie  J«u  PanU, 
"     '  '  '    ■  •■     •      Theeewill  nieBdenlly 


ID  mum  jM^HBBi  ksq-Bvruicv  vxpuHni  ut  uit 
Oa  MM  of  b*-mting;  b  u  19{  :  1  ;  wb 
ia«alv7i;I.  Thefaulk  of  airpaning  tl 
ili  ant  into  lb«  chiMnejr,  be  176.7  iqui 


6  inchei,  c 


aaeoontbrdiematdifierence-in  theeconomjrof  fuel  between  the  two  engine*, 
UmBiatktt  reqaiiing  oolj  11.7  lb«.  to  convert  a  cubic  foot  of  water  ir' 


wbae  the  Samt  Pwrml  required  28.81b>." 

Hiring  now  Mated  the  reiulti  of  thii  memorable  c< 
Mrr  to  i>Te  anue  aeconnt  of  the  machine*  engaged  therein. 
.  .  MeAoote^  coutruetedbjr  Mr.  Steven»oD,^which  an  external  nde  elevation 
ii  ^ven  in  the  roUowinc  figure,  pooeeMi  many  of  the  characteriitic*  of  the 
tnginea  pieriondy  utad;  but  the  furnace  and  trailer  hare  coniiderahle  claim* 
l«  novdtf  and  e^ctJveneM. 

The  fkmuwe  at  A  b  a  iqoare  box,  about  3  feet  wide  and  2  feetdeep.  Thia  fiir- 
■aaehaaan  external  eating,  between  which  and  the  fiie-place  there  it*  tpaceof  3 


t  become*  n 


Inchei  filled  with  water,  and  communicating  bj  a  lateral  pipe  with  the  bMler. 
The  heated  air,  &c.  firoDi  the  fumece  pauei  through  twenty-live  copper  tube*, 
3  inche*  in  diameter,  arranged  longitudinally  on  the  lower  half  of  the  boiler,  and 
then  enlera  ihe  chimney  C.     D  repre>ents  one  of  the  two  gteam  cylinders. 
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nhicli  ace  piaceiJ  manmcluicdpoBitioaoneach  ude  of  tbu  boSer,  uiil  communi- 
cating bjllieirpiiton  rods,  through  the  media  ofconnecting  rods  E,  motion  to  thi 
ruDtiLiie  ffheela.  PGare  safety  valves  ;  Els  one  of  two  pipes  on  each  aide  of  the 
boikr,  by  which  the  pduction  aleam  from  tbe  cytindeit  u  thrown  ijilu  the 
chimney,  and  by  the  exhaustjon  thus  eaiued  in  the  latter,  prodaeinK  ■  npid 
draft  of  air  through  the  furnace.  At  M  ia  exhibited  part  of  the  tender,  which 
«amea  the  fuel  and  water  for  (he  lupply  of  tbe  engine. 

Tbe  Hovet/y,  by  Messrs.  Brsithwaite  and  Enicson,  is  exhibited  in  tbe  oppo- 
•ite  page,  representing  a  side  elevation  of  the  machuie. 

P  is  the  camage-&ame ;  E,  one  end  of  a  long  horiiontal  cylinder,  forming 
the  principal  part  of  the  boiler,  which  extends  to  the  large  vertical  vessel  A,  at 
the  other  end  of  the  carriage,  and  contaius  forty-five  galloa*  of  water ;  L,  m 
hopper  to  supply  the  fuel,  (which  ia  carried  in  itnall  baskets  placed  on  the 
carriage,)  whence  it  ia  conducted  by  a  tube  in  the  centre  of  the  sieam-cbatnber 
A,  into  the  furnace  S,  beneath.  At  C  ia  a  blowing  machine,  the  air  from  which 
is  conducted  hy  a  pipe  under  the  carriage,  and  proceeding  by  tbe  tube  K  enterw 
the  ash-pit  M,  under  the  furnace;  Q  is  a  pipe  for  the  escape  of  the  heated 
gases  ancr  the  combuslian,  and  fomii  the  only  chimney  used;  B  is  the 
water-tank;  at  D  N  are  two  working  cylinder*  with  their  steam-pipes  and 
valves;  the  cylinders  are  six  inches  in  diameter,  and  have  ■  twelve  inchitroke; 
O  G  are  connccting-rodB,  which  impart  tlie  force  of  the  engines  to  the  running- 
wheels.  The  oiletrees  are  fixed  to  an  iron  rod,  and  slings  are  introduced  la 
prevent  the  side  action  between  the  rod  and  the  carriage-frame ;  and  lo  prevent 
the  effect  of  the  springs  from   coimteracting  the  action  of  the  engine,   th* 

4:ting-rod9  are  placed  aa  nearly  as  pouiblc  in  a  horilontal  poution,  and 

■      ■  •     .    . .    ■jeoi'Qieci     ■ 


is  cammunicated  to  them  by  bcU'craiiks  on  each  side  of  the  carriage, 
being  connected  by  the  slings  to  the  piston-rods.  The  pistons  used  are  U)e 
patent  metallic  of  Barton ;  and  tbe  running-wheels,  the  patent  suspension  kind 
of  Theodore  Jonea  and  Co. 

Tbe  figure  below  exhibits  s  lection  of  the  boiler  iatroduced  by  Meutv. 
Braithwaile  and  Enicson,  into  the  Novelty  steam-carrisge.  S  ia  the  furnace, 
nirrounded  by  water;  and  L  the  tube  by  which  the  fuel  is  auppbcd  to  feed  the 
fire;  M  ia  the  ash-pit,  through  which  the  air  is  forced  by  the  pipe  K  &om  the 
bellow*  of  the  engine.  The  vessel  contuning  tlie  water  that  luiroands  the  fur- 
nace, and  the  loug  cylinder  that  proceieds  horiionlaJJy  from  it,  ci 


btnler,  m  shown  at  E  E  c.     The  Barnes  and  healed  a. 
g  hf  the  action  of  the  bellowa,  enter  a  long  tc 


ir  from  the  fiiniace,'atleT 

, ^     ttuous  flue,  which  makes 

three  turn*  in  the  entire  length  of  the  borixontol  boiler,  escaping  finally  at  the 
chimney.  The  fuel  in  the  furnace  has,  therefore,  a  direct  action  upon  the  wolrr 
suriounding  it;  and  the  water  in  tbe  long  cylinder  is  operated  upou  by  tl-e 
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flue  U  suiTOUDded  by  [he  water  uf  the  boiler,  there  can  evidently  ba  very  little 
of  the  heat  miiappljed. 

The  Sant  Parrit  of  Mr.  Hacknorth  ia  Tcpreientcd  in  «levBlian  in  the  mty- 
joineO  cut  Tlie  boiler  B  in  cylindrical,  of  tlic  Trevilliick  kind,  with  one  of  iu 
ends  convex  oatwarili,  and  the  other  flat.  The  fire-ban  were  of  greater  extent 
than  usual,  having  an  area  of  ten  feet;  ani]  the  flue-tube  is  returned  to  the  frant 
on  one  aide  of  the  fire-plRce,  where  it  enlera  the  chimney  C.  D  represent*  one 
of  the  two  work ing-cy linden  1  these  were  leven  incbea  in  diameter,  and  had 
an  eighteen-incb  iiroke.  The  piiton  rodi,  through  the  medium  of  the  vertical 
cDimecling  rods,  operated  upon  the  hind  pair  of  vheeti ;  and  the  latter  being 
connected  to  the  fore  nheeU  by  the  hariiontal  cunnecting  rods,  abown  acting  in 
the  manner  of  cranks,  motion  was  •omiuunicBled  to  both  pairs  of  wheeli, — an 
arrangement  which  is  designed  to  cause  a  greater  adhesion  of  the  wheels  to  the 
TUli,  and  of  enabling  the  carriage  to  draw  a  greater  load,  than  if  ouly  otie  pair 
of  whocU  «M  operated  upon. 


8TBPBENS(XNl$  AND  LOSH'S  RAILS  AND  CHAIRS.       4ia 


SECTION  II. 

IHS  00M8TITUEMT  PARTS  OF  RAILWATB. 


wtt  md  Ladi^  Baili  md  CbaIn.~Jeuop't  Chain  and  F^dettals.— Stephenaon'i  pataat 
md  *— **"'*ir     ■"*■'■■"'*■  patent  wron^t-inm  Chain.— RejDidd'a  patent  contmnoaa 
hmQi  md  fllMp0n^->Parlins's  patent  VltrUad  Sleepen.— Fennannt  waj  of  the  Gnat 
iiMint  way  or  the  South  Baatern  Raflwar.— Brixton  and   Haitli^ 
patant  Chain  and  Sleepen.— Switches.— Cnrtli'a  patent  Switchet.— 
aneoekfs  pnlnt  TuntaUe.— Mallett's'  hTdroctatle  TumtaUa.— The  hroad  |and 
F— FMUanMBtvy  OanniiMJon  thneon.— IneonTenlenee  of  braaka— as  applied  to 


vplied 
to  TMopt.— Expedient  of  Teleaeopie  Azlea.— Loaded  waggons 
«■  Trwki,  iP'ift'ng  on  Wheeled  Flatfianns.— Intennedlate  Bafls.— FoUqr  at  unifi>nnity  of 
Oanga.  CwiipaislIteaafc^ycfdMbmnt. — Aeeommodalion  and  eonTraieneeu— The  best  adspted 
jg  speed.  Aeddsnts  on  each.— Economy  of  each.— Dednetions  from  the  OTidenee.— Reoom- 
mendations  to  PariiammL— Water  Ciane.— Cleansing  Rails.— Ciiztis's  Senw  Jack.— Cost  of 
▼aiioaa  RaHwajs  per  MUe. 

Thk  general  nature  and  constmction  of  Railways  having  been  explained  and 
ittostrated  in  the  previous  Section,  we  proceed,  in  this  division  of  our  subject, 
to  give  a  more  enlarged  and  precise  description  of  their  constituent  parts ; 
especially  as  relates  to  the  improvements  in  such  as  have  been  devised  since 
the  openinff  of  the  Manchester  and  Liverpool  Railway. 

We  shafi  eonunence  with  a  brief  account  of  the  rails,  chairs,  and  sleepers 
used  by  Mr.  Stephenstm  in  the  formation  of  the  Manchester  and  Liverpool 
Line,  which  was  omitted  in  our  account  of  that  Railway. 

The  annexed  cut  shows  a  transverse  section 

of  the  rail  r,  which  has  a  lateral  rib  on  one 

side,   fitting  into  a  corresponding    cavity 

'    in  tne 


made  in  the  cast-iron  chiora.  On  the 
opposite  side  of  each  chair  another  cavity  is 
cast,  to  receive  an  iron  kev  6,  wedge-formed, 
which,  pressing  against  the  side  of  the  rail, 
forces  the  projectmg  rib  into  the  cavity  on 
the  opposite  side,  and  locks  the  bar  into  its  required  position. 


A  form  slightly  varyine  from  the  foregoing 
was  introduced  by  Mr.  Cosh  as  shown  m  the 
annexed  cut  In  this  the  projections  are 
rolled  on  both  sides  of  the  bar ;  one  of  these 

Erojections  enters  the  cavity  in  the  chair, 
ke  the  former.  On  the  other  cheek  of  the 
chair  is  cast  a  longitudinal  notch  for  receiving 
double  key  wedges  as  shown ;  which  act  at 
the  same  time  upon  the  upper  part  of  the 
projection  on  the  rail  to  force  it  down  upon  the  chair  and  against  the  side  of 
the  rail  to  steady  it,  and  force  the  projection  on  the  other  side  of  the  rail  into 
the  cavity.  By  this  mode  of  keying  it  was  considered,  that  if  the  K.il  worked 
loose  upon  the  chair,  by  driving  Uic  key,  it  could  be  tightened. 

Jessop*8  Patbmt  Chairs  and  Pedestals. — ^To  obviate  the  inconvenience 
frequently  resulting  by  the  sleepers  or  blocks  sinking  in  the  soil  or  losing  their 
perpendicularity  ;  and  hence  of  destroying  the  level  or  parallelism  of  the  rails, 
Mr.  Jessop  patented  in  1833  a  method  of  fraining'the  chair  distinct  from  the 
pedestal ;  the  latter  being  fixed  firmly  to  the  sleeper,  and  the  chair  being 
united  to  the  pedestal  by  a  universal  joint  or  hin^e.  This  arrangement  permits 
the  pedestal  to  adapt  itself  to  any  irregular  sinkmg  of  the  block  or  sleeper  on 
which  it  rests,  and  msures  a  firm  and  solid  bearing  upon  its  base.  The  patentee 
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also  effects  it  by  the  combined  motion  of  a  binge  joint,  or  other  means  per- 
mitting motion  between  the  pedestal  and  the  chair,  and  a  moyeable  joint  formed 
at  the  junction  of  the  chair  and  rail,  to  as  to  produce  the  same  ^Eect.  The 
following  drawings  represent  several  methods  of  constructing  the  univenal 

J'oint,  in  all  of  wmch  rr  are  the  rails,  e  e  the  chain,  pp  the  pedestals,  and 
f  b  the  blocks  or  sleepers;  jj  are  the  junction  bars  of  cast  or  wrought  iron, 
by  which  the  opposite  chairs  are  connected  together,  and  the  rails  are  thereby 
held  parallel  to  each  other,  and  at  a  proper  distance  apart^  and  are  also 
retained  in  a  suitable  position  to  insure  a  flat  bearing  on  the  surfaces  of  the 
rails  for  the  wheels  to  trayel  upon ;  « «  are  cast-iron  bed-jJates  or  sleepers^ 
(which  may  be  used  to  support  the  rails  where  stone  is  expensive,)  so  constructed 
that  the  pedestal  may  be  readily  adjusted,  by  the  introduction  of  a  wedge  or 
packing,  to  a  proper  level,  without  disturbing  the  seats  which  the  bed-plales 
may  have  acquired  on  the  ejound ;  the  same  method  of  construction  being 
applicable  to  the  pedestals,  when  Ihey  are  attached  to  stone  blocks. 

FSg.  1  is  a  side  view  of  its  adaptation  to  the  ordinary  raQway  in  use  in  the 
north,^  at  the  period  of  the  invention. 

rtg.l. 


Fig.  2  shows  the  plan ;  and  Fig.  3,  the  cross  section.  Two  of  the  stone  Uocks 
b  are  drawn  in  an  inclined  position  to  show  the  action  of  the  pedestaL 


Ftg.2. 


Fig.  3. 


Figi.  4  and  5  are  sections  of  the  pedestal  and  chair,  showing  an  orbicular 
nniversal  joint,  by  means  <^  which  the  pedestal  adapts  itself  to  any  irregidar 
sinking  of  the  stone  block  or  other  sleeper,  whilst  the  connecting  or  junction 
bars  retain  the  rails  in  their  proper  gauge,  and  their  opposite  surfaces  in  the 
same  plane  or  straight  line. 


Fig.  4. 


Fig.  5. 


»   -.  1  I 


i^Tarf*^ 


^^ 


l^^a. 


dMB  czMbni'.  Mr. 
;inl8$Slor 

flf  tbe  Bfltehei  in  tbe  dttirt  for  te 
tmk  to  retf  vpaa,  dwK  beBnugB  beb^  cuiUc  ctf'Mlf^^aibMBl,  im  «<d«r  th«l 
ther  msv  ad^  thrmwHei  carecdT  to  uic  under  puti  of  tbe  nult ;  and  t)te 
wakm^  of  adeqnse  prvriiiaiis  for  fi^'^^r  ^  iroo  nils  tecnrcly  dow-nwurdt. 
npoD  neh  ■^^-■^iHtzng  beszmgi.  m  veU  as  for  oanfimn|r  tbc  rail*  Utcralh- 
vitfaiii  the  nntrhra  in  die  diun,  but  in  inch  ma&ncr  tliat  tb«  tcilf-^uMioj^ 
beazinp  wiQ  not  be  mihjeet  to  be  denoigvd,  nor  tbe  fastctunfrs  to  be  )oii«mn«4 
bj  tbe  c&ct  t£wBj  mdi  alight  tikmg  or  iwrtinatmi  of  tbecbain  in  the  direction 
of  the  length  cf  tbe  raili,  as  maj  malt  from  the  partial  or  udcoimI  mbndonc^ 
of  the  ground  bcDeath  the  atone' blocks  or  wood  tkcpers  upon  which  the  ohain 
are  fastened,  nor  bj  the  cffscta  of  any  such  slicht  doQgations  or  contr«oti«Hi« 
in  the  length  of  the  rails  as  they  are  nsoally  liuile  to  from  oniitiar^'  chan|:<«  of 


Stephenson's  mode  of  effecting  this^  b  bv  tha  application  «t  a  %<\f- 
adjusting  segmental  bearing  piece,  into  a  suitably  fernm  conoavity  mad«> 
below  the  lerel  of  the  bottom  6L  the  notch  of  each  chair ;  th«  ftat  «>r  oh«^nl  sido 
of  the  segmental  paeee  being  uppermost,  and  forming  th«  bearing  suHaoe  at  th^ 
bottom  of  the  notch  m  the  chair.  Upon  that  flat  bearing  miHac«^  the  und^r 
side  of  the  rail  is  to  rest,  so  that  die  bearing  surface  will  alwa}a  ao<HMi\m(Hlat« 
itself  to  the  under  side  of  the  rail,  and  form  an  even  conUcI  therewith ;  in 
consequence  of  the  circular  side  of  the  tegmental  p^«c«  adapting  itself  to  the 
required  position,  by  turning  in  its  concaTt  cell.  llaYin|t  thus  explained  the 
general  arrangement  of  the  parts,  it  will  not  b«  requisite  to  enter  into  the 
minutis  introduced  into  the  specification,  as  sufllcient  knowle<lge  will  be 
obtained  by  the  insertion  of  the  following  illustrated  flgxirtu,  and  description  of 
them: — 

Fig,  1  is  a  perspective  view,  andi^.  3  a  lateral  tleyation  {  F^.  .1  a  trinsvenn 
section,  and  Fig.  4  a  horizontid  jdan  of  a  chair,  for  supporting  and  uniting  tha 
extremities  of  the  lengths  of  iron  rails  for  tdg«-nulwiys.    A  A  la  tlw  lint 
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bottom  or  bwe  of  tlie  chair,  which  it  to  b«  bedded  upon  the  block  or  aleeper, 
and  faitened  thereto  by  ipikes  diiven  through  th«  holei  a  a. — B  B  are  the  chedn 
of  the  notch  in  the  chau,  that  notch  being  the  nriUel  (pace  which  tt  left 
Iietween  the  cheeks  for  the  receplioD  of  the  laili  Ce  Dd,  which  maf  inn  lo- 
rether  with  a  half  Up  join^  w  inown  in  panpectiTe  at  f^.  1,  and  in  the  plan 
rig,  4,  the  overUppiog  parti  c  d  being  of  the  aame  aiia,  or  nearly  of  the  lame 
•iie,  at  the  other  parti  of  the  rub,  and  tfaoM  part*  ate  included  within  the 


notch  of  the  chair.  The  bottom  of  Ihii  notch  it  deeper  than  ii  neeettaiy  for 
receJTing  the  railt,  and  it  deprened  into  a  concavity  of  a  suitable  form,  for 
receiving  the  segmental  bearing-piece  which  is  shown  on  the  next  page,  at  4  4  4, 
in  plan,  elevation,  and  perspective :  the  under  edges  of  the  railt  rest  upon  the 
uppermost  flat  surface  of  this  bearing-piece.     The  amBll  figures  5  and  6  aie 

Snndrical  pint,  which  are  fitted  into  cylindrical  sockets,  throagh  each  of  the 
eeki  or  udes  B  B ;  and  8  and  9  are  tapering  or  wedge-lika  lej^  which  are 
intartad  through  tuitable  mortiees  in  the  cbeeka  and  aeroai  the  pins  5  and  6, 
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.ftr  the  pnipwB  of  tatdag  formrd  thaw  jia*,  to  that  tlinr  pomtad  miticmitiM 
nun  pNM  obUqDBlj  npoi  the  lowei  puti  of  the  groaTwl  rnrnwrii  in  tba  nib, 

!wita a  h—iiiig  rtnwii  aotioa,  to  confiDa  the  rmili.downwsrdi  opoa  Ibe  bokriDr- 
piaM,  Old  latently  in  the  chair.  The  cjliDdrieal  pini  an  diown  detached,  in 
otdor  to  esplain  the  manner  in  which  the  pointed  eztremi^  ap^et  into  the 
gnored  Teo«M  in  tlwnilt,M>a(  to  exert  a beuing^own  action  ther«on.  i^.S 
wpcwmti  par^MliTe  newi,  and  Fig.  0  a  tnnnene  wetioa  of  a  chair  for 


^ 


mpporting  the  iron  raili  at  intermediate  diitance*  between  the  exlremitie*  or 
jnnetioDi  of  their  levenl  lengtbi;  it  hai  only  one  cjilindrieal  pin  5,  fitted 
through  one  of  its  cheeks  B,  the  oppoeile  cheek  K  beioK  aflat  vertical  rarfua, 
■gaiutt  which  the  flat  tide  of  the  niit  it  prened  and  held  firm,  b;  the  keying 
up  of  the  cylindrical  pin  S,  ao  ae  to  confine  the  rail  lalenlly  at  toe  tame  time 
that  the  oUiqoe  action  of  the  point  of  the  cjlindrieal  pin  S,  In  the  grooved 
recea  of  the  rail,  maj  produce  a  bearing-down  action,  which  eonfinei  the  rail 


la  for  the  tegmental  bearing-piecet,  being  formed  in  the  catting,  ai  well  at 
the  holei  for  the  holding-down  ipikea ;  the  wedge-Uke  croei  keft,  the  cylindrical 
pint,  and  the  aegmeatal  bearing-piecei,  are  made  of  wronght  iron. 

ScatviKoa'i  Pitbht  waouoHT-iaoa  CnAiat. — The  eztentiTa  deatrnctioD  of 
the  ordinary  coft-iron  chain  about  fifteen  Tean  tince,  induced  Mr.  Serivenor, 
in  1S32,  to  attempt  their  formation  of  malleahle  iron  by  the  roUii^  and  die- 
pretung  proceti.  llie  following  account  wa  derive  fivm  the  ipeoficatioa  vt 
the  patent. 
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In  tbs  preceding  F^.  \,  ab  repreaent  a  pair  of  east-iroii  mBt  derigned  for 
ihii  Dbject,  and  put  in  motion  bj  the  timal  meehaniam  employed  in  iron-worfci. 
It  will  be  obiened  that  the  Belies  of  groovei  or  indentationi  in  their  peripheriet 
corretpond  with  the  lerenl  ihapei  which  the  metal  ii  intended  to  take  ta 
it>  progren  through  theie  toIIcti,  until  it  at  length  attains  the  exact  ahapft 
required  to  fnnn  the  chain  or  pedeitali.  Thiii,  for  example,  the  grooTei  at  ed 
miai'he  adapted  to  receire  an  ordinarj  short  thick  bar  of  wrought  iron,  aboat 
two  feet  long,  and  six  bchei  iquare,  properl;  heated  for  rolling.  The  bar  ii  fint 
passed  through  the  rollen  aXc  d,  which  cauiea  it  to  auuine  the  ihape  shown  at 
J.  It  ii  then  poued  in  Bucceasiitn  through  the  other  grooves  on  the  rollen  at 
kk,lt,Bim,tin,  whereby  it  aucceuively  takes  the  form  shown  atefgh. 
Having  thus  obtained  a  long  bar  of  iron  of  the  sectional  form  shown  at  it,  lE  ia 
neat  est  into  lengths  for  chain,  which  is  effected  by  the  mill  shears  ■bown  at 
tig.  2,  which  are  worked  by  the  engine.  These  shean  are  provided  with 
iteel  jaws  to  receive  the  chair  as  shown  at  d  w,  in  order  that  in  cutting  off  the 
chair  it  may  not  he  forced  out  of  shape.      The  opening  between  the  cheeks  of 


the  chair  tor  the  reeepUon  of  the  rail 

S resent  left  parallel ;  the  next  process  is  there-  l^ 

ire  to  give  these  parts  a  more  niitsble  form  ^ 

for  holding  down  the  rail.     Tliis  is  effected  hy  ^ 


making  tlw  chair  red  hot,  and  placing  inside  ths 
recess  a  mandril  of  the  required  ahape,  with 

which  it  b  again  passed  through  another  pair  i — i 

of  rolls  shown  in  the  annexed  Fiy.  3 ;  by  these  

the  reeeai  la  imnreased  with  the  rMiuin^  form  ' ' 


. js  la  Impressed  with  the  rtquin^  form 

to  adapt  it  for  receiTing  the  intended  keys. 

We  have  never  seen  any  ef  the  wrought-iton 
ohaha  of  the  kind  Just  deacribed  in  use;  pro- 
bably from   the  difficulty  of  bestowing  upon    r^ 

them  that  finbhed  form  which  is  requisite,  at  a     

sufficiently  low  price.    Although  the  brittlenesi    L — ' 
of  cast-iron  seems  at  first  sight  to  render  it  an 
improper   substance   for   chairs,    yet   a   litlle 
reflection  on  (he  other  hand  will  show  that  It 


% 


B 
B 


medy  to  iba  natural  defect, 
ren  more  advantageous  than  wtougbl-iron.  Tbi 
in  chairs  a  few 


wilder  it  in  our 
inae  breakage 

the  foundries,  rather  than  to  the  nature 


opinion  e* 

of  cast-iron  chairs  afew  vean 
forms,  and  not  a  little  to  bad  e: 

of  the  material  This  fact  is  satisfactorily  proved  by  the  perfection  of  form  and 
superior  execution  of  the  cast-iron  chairs  and  fasteninga  on  the  South  Eastern 
and  Dover  itaitwaj,  manufactured  we  understand  by  Ranaome  and  May  of 
.  Ipswich,  which  will  be  described  a  few  pages  onward. 

RsTMOLna'a  coxTiiiuoca  Bgakimos  ano  Slkbfekb.— It  has  been  observed 
that  the  deflection  of  the  railway  bars,   by  heavy  c 


dwiiur,  hf  tlui 
■■  mA  as  IW 
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a  esiuiflenbia  portian  of  the  tndne  focea ;    bMndei  pro* 
tluir  vibntoiy  Mtion,  an  eariur  dertnictioa  of  the  rtadgouj. 


paiNit  dihott  «f  lb*  ordinu7  ijriein,  Mr. 


I  mvnde  a  teniBd; 
;.  Jdin  Kajnoldi,  o 


HMK    W*g>*>    ■■    •■■■■■    "■■7    ■»•■■  IhW    ■>    MHCC^UB    ' 

MmAw  )  and  Du*  1m  prapoMd  to  afibet  by  two  matfa) 
•  Mtait  an  tb«  C4  liar,  1835,  1^  u^  u  by  c 
janaA  aad  to  m^  and  ia  aaab  maonar  aa  to  b>  iacap 


e  dawBuioa 
ro  matfaod^  t^  wUdi  be  obui) 
U  by  caat-imn  bcaim  laid  and 
•  iacapabb  of  vaitical  or  lateral 
nt,  (Bdapandevdr  af  tb«ae  next  a^yiiiiipg  to  it  The  tnh,  ben,  or 
pian%  nrat  vhieli  the  eauiagv-wfaeeU  are  liitendM  to  ran,  may  be  ritber  eaat 
Ml  and  «itb  the  boarera,  or  Uiey  mav  be  aeparate.  The  ■aeond'  method  ii  by 
fceamia  famed  by  blocka  af  natunl  or  artificUl  alone,  joined  end  to  tad,  and 
baddad  in  die  nadway,  and-  lecnred  in  mch  manner  tt^ther,  that  A^  can 
anlf  moTeineoDcert.  A  graat  Tariety  of  forme  of  reili,  founded  upon  the  baaia 
of  conabnetiaajartmentlonad,  hare  been  made  by  Mr.Reyrialdi:  It  will  only 
ha  In  onr  power  to  notice  here  two  or  three  of  them.  The  annexed  flpire 
abowa  a  vertical  nction  of  one  of  the  moet  approTcd  forma,  in  which  the 
a  imbedded 


I,  ahowD  at  a  a^  : 
depth  than  the  bottom  of  the 

•  eeaerall*  need, 

leral-    '        '    '^ 
than  Ae  bottom  i 
Um  and   balUating  <m    the 
London  and  BirmiDgbam  na)- 

Ttie  Ibrm  of   the   bearing 
t^  for  the  carriage  wfaecU  ii 

Aown  at  b,  and  t£&t  of  the  hollow  iirpport  and  lateral  IneHned  plate*  al  e  e. 
Tliev  are  fMtened  end  to  end  by  meani  of  "  innga,"  or  pRJeeting  ^eeei  caM 
to  went,  of  locb  fonni  that,  when  placed  in  joztapoution,  a  key  or  wedge 
driven  into  an  aperture  formed  by  their  unkm,  whidi  boldi  them  firmly 
together.  The  blocks  of  natural  or  artificial  itone  are  to  be  joined  by  the 
various  modes  known  to  masons,  and 
too  well  understood  to  need  expla- 
nation. The  annexed  sectioD  repre- 
sents another  of  the  numerous  dengas 
given  bv  the  patentee;  u  represents 
a  wtouEht-iiou  rail,  resting  upon  and 
fiulened  to  a  sill  of  timber  I,  enclosed 


between  the  bearing  platea^^,  which, 
together  with  the  fin  <f.  are  imbedded 
b  the  ballasting. 

The    advantages    contemplated    by 
the  patentee  are — 1 ,  a  great  saving  in 
excavation  and  ballailiDg  i  2,  a  aaviog 
of  the  cost  of  materiab   and  laying 
down  ;   3,  in   maintenance  of  way  or 
permanence  of  work ;   4,    se  ' 
repairs  of  eDgiDes.      Some 
thu  comtmcbon 
prrimen  tally 

Hanchester  line,  and  apparel 
aatiafoctorily. 

PiaaiHs's  ParaiFtED  SLaipias. — Mr. Thomas  y,  took  cot 

a  patent  for  a  dmiliar  object  to  the  foregoing,  in  December  1S39.  .  It  [rinihli 
in  forming  eontinousileepeiBor  vitrified  eattD  (burnt  clay),  which  Ihepalantae 
■tatea  arc  a*  hard  and  durable  as  granite,  and  impervioui  to  ibe  weadiar.     Ua 


is.' 


laid  down  ex- 

Liverpool .  and 

line,  and  apparently  itaud 
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fuUavmg  Fig.  I  girei  a  cross  section  of  Mr.  Porkias'*  r^nay,  and  Fig.  2  ■  side 
elevation  of  a  portion  of  it.  The  vitrified  block*  or  ileepen  «n  ibovD  at  a  u  a ; 
each  sleeper  is  13  inches  at  the  base,  S  at  the  top,  12  deep,  and  9  long,  and 
locks  into  the  other,  thus  forming  a  continoui  mass  along  the  vboie  line  of  rmwL 
The  joining  is  eSected  by  a  projecting  tongue  b,  which  bta  into  a  eoneiponding 
recen  made  in  each  block.  Agroaveris  moultlei!  longitudinally  in  tbetopof  Ihe 
>leepen,into  which  the  riboratroodenbeareri^  (four  inches  al  the  base,  four  deep, 
twowidest  the  top,  and  twelve  feet  or  more  long)  is  placed;  sad  is  bedded  upon 
patent  felt ;  on  this  wooden  bearer  is  fixed  an  iion  bar  e  e,  for  the  wheels  of  the 
carriages  to  run  upon ;  this  bar  or  roil  being  aUo  bedded  upon  Etlt. 
%.  1-  r>3.  2. 


Mt.  pM'kins  gives  the  preference  to  the  arranBement  described;  but  he 
proposes,  in  certain  cases,  to  dispense  Kith  the  wooden  beareri  dd,  and  to  place 
iron  rails  of  the  ordinary  kind  at  once  into  the  groove  c. 

PEEMitNENT  W*T  OF  THE  Gre»t  Webters  RiitwAT.— This  line  of  rails  is 

laid  down  throughout  upon  continoui  benringi.  but  the  method  of  connecdug 
the  rails  to  those  bearingi,  and  of  connecting  the  latter  to  the  transverse  ileepen, 
or  rather  ties,  is  varied  in  different  parts  of  the  line.  There  are  other  variation* 
which  our  space  will  not  permit  ui  to  enter  upon,  we  have  tlierefore  selected 
for  our  iltuslTation  that  parliculor  modilicBtion  of  the  permanent  way,  to  whkh 
we  understand  Mr.  Brunell  gives  the  preference. 


'm 


Fig.  I. 


Fig.  J  represents  a  tranivcrse  section  of  the  permuneiit  waj  ,  and  Fig  % 
a  loogiludina!  nenr.  At  a  u  are  the  longitudinal  beanng  Lmbers  baviug  a 
leantling  of  absut  15  X  9  and  joined  coutinuouily  through  tlie  bne.  Tbeae 
tiniben  are  united  together  at  nght  angles  by  transverse  ties  4  6,  at  about  every 
9  feet  diiLsnce;  these  are  also  of  timber,  about  6  in:bes  by  9,  and  fastened  by 
means  of  straps  and  bolts  d  d.  These  ties  preserve  the  paiollelisni  of  the 
continous  bearings.  On  the  upper  surface  of  the  latter  are  laid  thin  boards 
of  prepared  bard  wood,  and  fastened  thereto  bjr  nails.  The  width  of  these 
boards  is  about  8  inches,  and  on  them  is  laid  the  continous  rail,  in  lengths  of 
about  15  feet  each,  end  to  end  throughout.  The  form  of  these  rails  is  that  ofken 
dsDominaled  the  "  bog  trough  "  or  "  bridge  "  tul ;  the  shape  is  however  pretty 


vdl  indieated  in  Jt^.  1,  at  e  c.     Tbe  aame  nil  ii 
Brigbbo  and  HaaUngi  permanent  wa^,  on  a  larger  ■ 
tha  inTcnlor  at  thit  fonn  of  rail,  and  it  ii  undoubtedly 
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xount  of  the 
■cale.  -Mr.  UniDell  «a« 
a  vary  efficient  one. 

PsBitaaiat  WiioFiHB  SouTH-EAiTiav  RAtLVjir. — The  chain,  faiteninn, 
and  alaepoia  emplojed  on  thii  line  of  railvaj  are  entitled  to  the  particuTar 
•ttanlioD  of  the  ePKioecr,  on  account  of  the  good  judgment  and  ilcilml  execu- 
tioa  difplapcd  in  uie  dataila  of  the  work ;  combining,  at  lhe;_  appear  to  do, 
dnrabili^  of  atiucton  with  economy  of  material.  A  deicrinlion  of  (hii 
patntftMnt  waj  waa  fiuniihed  to  the  Inttitutiou  of  Civil  Enrineari,  by 
MI.  J<^  Pop«i  Orad.  IdiL  C.  E.  from  which  we  ihall  make  inch  few  excracti 

On  aithar  nde  of  tbe  bank  of  ballast,  and  below  the  level  of  ita  bed,  there  I* 
an  opan  drain,  dilee  feet  in  width,  extending  throughout  tbe  liue,  which  tnaure* 
pariaetdnuDBKafromlMneath  tbeileepen.  The  ileepenare  placed  tratii*enly, 
and  difier  in  nape  &om  any  hitherto  employed,  l^ey  are  of  Baltic  lir,  and 
an  Ibnned  by  a  iqaare  balk  being  diagonally  divided  lo  aa  to  cut  out  four 
'~~     '  ir  ileepen,  which  are  laid  with  the  right  angle  c  downward*,  which  form 


izl 


(a  b  e)  baa  aa  much  bearing  aur&ce  aa  one  of  twice  the  cubic  content  cut  out 
B*  a  hair  balk  in  Ihe  usual  manner.  Tbe  advaotsgea  ariiing  from  thli  form  in 
the  economy  of  timber,  the  facility  of  packing,  and  the  improved  drainage  of 
the  ballait  in  contact  with  the  ileepen,  are  obvioui.  The  chain  are  of  a 
peculiar  form,  designed  by  Mr.  Cubitt  to  combine  ligbtnen  with  strength  ;  they 
are  east  oQ  a  plan  invenltd  and  patcnitrd  by  Messrs.  Ransorne  &  May,  of 
Ipswich,  whereby  the  inward  inclination  of 
tbe  raila,  instead  of  being  made  to  depead 
merely  upon  the  nil  lajen,  (u  ii  usually  the 


aracj.      The   nnifonnity   of    i 
lined    by    this     improvement 


nclination 

diminishes  that  lateral  motion  of  the  carnage 

whieh  ii  commonly  observed  on  other  lines 

of  rsOway.      The  chain  an   placed   hori' 

lontally  on  tbe  sleepers,  and  are  fastened 

down  with  tieenalla  of  oak.  compreaaed  by     —    -  ■  ~^^~i 

Ibe  patent  pruetia  of  Meisn.  R»&v>me  tc  May. 

Tbe  wedges  empioyed  lo  sccnre  the  raiit  ii>  :h«  chairs  are  *iii,. 

The  rails  are  parallel,  with  Lheir  Dpp*r  «nd   iiintT  '^iIk*  it  '.• 

•ectioikal  Ibnn  of  whieh  is  shewn  i.i  tr.«  pr^*i'j<i*  fijfurc. 

Tbe  aabjaiDed  Ibof  faurc*  'p- 122,/  exhibit  the  *r>4  'I^va:. 
jmnt  chair,  and  the  ttA  ^ivrMmii  uA  pian  'A  *r,  ir.vrm.^..: 
eonaidered  in  connerion  v.tA  lim  pr«Mri:r.^  <i^  *rfn«t..'.r>  '.; 
it  is  famed,  render  the  peei^far  U/rza  '•r.^'-K-tt/fA. 

Mr.Cnbiu'sotijtm'.M  sont  U.jtj*  :i..-mij  K!.:t.'.-j  ;-V.f.  ■■ 
of  socb  a  form  as  -wr^ii  ti^jw  As  rf.';^*rt  *t.v..-.-.  v'  v»»,'.- 
least  portidn  of  timaer :  Vj*  "_v?  .v..<  -Jl  '-r.*  v»..*'t  ivf,.-; 
boUom  of  tbe  sleeprr.  ii>.';t>  (.Ar.^  '.•  i  .•■:',,  ■/,  .i.  -.'..f 
timber;   la  hate  -.t^  rtut  f-.t.-.',    ..-..f.-^.T.   v.-i  «■■  -■  .■-■•■/ 
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h,  r™.nmp.  -llh<«il  lifting  th»  •Ie«l»«.  "  *^''B  '^°^^^  ?  ^*  Xl^^ 
f«t.m„g-hol«  borXi.,  <«h  a^r:  thry  »e  th«.  Ky-n.^  '^J^,^^ 
wuiVe  incb.  When  pU<*d  apon  tie  brfUrt,  Ihe  jotol  ch«r»  ii.  flrrt  pul  do-n 
Pn.brs.mTth^  i^'We  and  <»taU>  of  th.  r^«e  then  ""it*"^^'"^^:^ 
in  Mch  chair,  the  hole  t^t  wWdi.b  (pwrtomlj  b<«<d  in  Uw  •!•<?«•  by  »  guge, 
lo  insure  «n  equal  projecfkB  OB  Mch  ddeoftteniL 

A'-|™idembe"ofiini«MJlMWtofet1ie.|riid«ig«ftrbcinBgAetoMi^^ 
hole^  with  Ih.  eternal  lip  Hf-rf  to  «aTwpond  "ith  the  hoi.  m  ihe  ch«ir  fcf 
tbp  bead  of  the  treenail,  fidMHOMd,  mdbr 
ito  futs  tb*  hoiea  are  |bnid  ailb  gr«* 
■Mac*,  MOMntie  ^  tha  hole  m  the 
<Wb«^«>M  tineaMtNaacllw  tool 
h«  fcri^  H«a  by  4a  «**«..  Tha 
wliwiBuBatii  ehdn  are  then  find  u  ibe 
HIM  ^BMr.  Bad  the  openOiouaTa  repcat- 
cd  fe  tka  opporita  mb;  (be  ballait  b  theo 
caMoSdiaad  by  rammliv.  In  tWi  rnmner 
iba  waffc  praoMdi  tctjt  laptdly;  tbe  bdlaU 
anppoiM  tte  alatpna  tbrat«hoiit,  and  baa  no 
ttnatatj  to  dU  away  from  them;  the  waler 
diuM  away  &wly;  and  the  pauage  of  the 
hdaat  wa^oM  (thongb  Tiuioot  ipringt) 
onr.tbe  new  OHtde  portion  of  tbe  line  wai  " 

ft,^tob.p«AKdwofbeQrtii.r.th«tban     e.^^.^^^^^,,,^ 

Tbt  inefinaiioQ  of  the  rail  bdng  given  by  tbe  ihapa  of  tha  chair,  innrei  m 
nncb  aecuraey,  that  after  one  day  i  traffic  over  it,  the  larface  of  the  rail  ■■ 
nbhad  eqaally  ihnnghoat,  and  not  alternately  on  eithar  aide,  aa  U  commonly 
Ibacaae. 

The  uniformity  of  Niface  produced  is,  ve  think,  in  a  great  meature  due  to 
the  nrpaadng  eieellence  of  Meun.  Ransome&  May'i  caatingi,  which  appear 
to  be  executed  in  tbe  higlieit  ilyle  of  the  foundry  art,  preienting  eiternilly  a 
bi^ly  finiihed  appearance ;  and  tha  dye-like  accuracy  of  their  ioteniHl  fonn  it 
obtained  by  tbe  introduction  of  nicely  htled  metallic  corei.  Mr.  Pope  defcribec 
the  mode  adopted  by  the  patentee!  of  cuting  theae  chain  to  be  "  by  [facing  aa 
iron  plate  on  each  nde  of  the  pattern,  ramming  Ihem  up  in  und  and  uiine  an 
iron  core,  whkli  bein^  luitained  in  it«  position  by  a  prolecting  tongue  &llmg 
into  a  grooTe  in  the  aide  pUlei,  preserres  an  unifonr  -ncIinBtion  of  tke  rail*  in 
the  Chun."  Extraordinary  precision  is  thus  obtained,  and  only  about  2  percent, 
of  vaate  caating*  are  made,  although  they  are  aubjected  to  a  rigid  test ;  for  if 
the  bearing  pants  allow  the  raUi  to  vary  1-I6th  of  an  loch  from  tbe  required 
inclination,  they  are  broVen  up.  The  iron  coiei  do  not  unduly  chill  tbe  melaJ, 
and  tbe  average  strength  is  retained.  The  iron  used  is  chiefly  "  Welsh  Cold 
BlasL" 

Tbe  peculiarity  of  the  lyitem  of  tbe  compressed  wooden  wtdgea  and  1reena3a 


fibnofthe  timbCTio  compression  equsfly  from  thecircom&micelothecc 
Hie  piecea  of  wood  for  the  wedges  are  cut  out  with  parnDel  aides,  and  forced 
by  hydraulic  presses  into  tapenng  moulds;  whilst  in  those  moulds  they  are 
■otgected  to  the  action  of  beet,  applied  through  the  medium  of  bw  presmre 
steam;  after  being  allowed  to  cool,  they  are  forced  out  of  the  moulds,  and  ao 
Iwigaa  they  arekept  dry  they  retain  their  compressed  form;  bul  aa  theoaeratioa 
•unply  contracts  the  dimensions  of  the  sap  vessels  without  crushing  the  fibre, 
the  power  of  capillacy  attractian  iiuotdettroyed,  and  when  the  wedge  iadriven 
Dto  tbe  chair  and  exposed  to  moisture  tbey  swell  so  at  lo  become  and  remain 
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pnfvctly  tiglit.  There  ii  thia  dllTeience  bclwran  vrdgei  *o  compreued  and  all 
uilien;  iliat  a  (rue  wedge  i*  obtitmed  from  a  piece  of  <r»iK]  cut  piualk'l  oa  all 
aidM,  whilil  all  former  modei  produced  liol  wedgn  but  parallel  pieces. 

The  diminution  of  ihe  bulk  of  the  treenaili  by  ihia  procni  of  cunipreaaion, 
lifrom  100  to  63,  and  uflbe  wedges  froiti  100  to  80.  It  ii  found  that  the  wood 
does  not  awell  until  it  ia  placed  in  a  damp  aiiuation,  aa  in  the  sleepers.  Ecen 
the  moat  solid  woods,  tucli  as  African  teak,  can  be  conipreised  without  sustain- 
ing injury.  T'erfectly  seasoned  limber  will  not  shrink  after  compression,  but 
Seen  wood  will  shrink  alter  the  proceii.  One  of  the  principal  advantages  of 
e  compretaed  treenails  is  the  GmineBs  with  wlitch  they  hold  into  the  sleeper*. 
Around  the  Iron  splkcB  generally  used,  a  aheath  of  nut  ii  formed  bj  the  damp 
sleeper;  the  sliaking  of  the  carriages  lenda  to  draw  ihem  upwards;  and  the 
elaiticity  of  Ihe  fibre  around  the  hole  in  the  sleeper  being  impaired,  it  ia  of  ni) 
use  to  drive  them  down  again  in  the  same  place,  and  (be  chairs  eveutually 
become  loose. 

It  is  proper  to  add  that  Mr.  Cubitl  dliclaima  the  invention  of  the  angular 
formed  tleeper,  on  Mr.  Reynolds  used  it  before  him  (br  fais  longitudinal  bearing 
rails;  but  he  belie  i-ea  tran  a  verse  sleepers  of  that  form  had  not  been  used  previously. 
Uncompreaed  treenails  forfaitening  down  the  chairs  to  the  sleepenwere  used 
in  the  Hull  and  Selby  railway;  in  Ihe  Dublin  and  Drogheda  and  nianr  other 
lines;  and  it  is  well  known  that  Iheae  frequently  become  loose.  Yet  the 
difference  in  the  cost  between  these  and  Messrs.  Ransome  &  May's  muat  be 
so  trifling  HI  not  to  be  worth  a  moment's  consideration,  when  compared  with 
the  advantagea  of  tbe  tatter. 

BmaHTON  AND  Hastinos  Perhanert  Wat. — The  sectional  form  of  railirajr 
Iwrs  ate  now  for  the  muat  part  much  alike;  and  similar  to  that  previoualy 
described  ai  appertaining  to  the  Souih-EBstem  line:  the  varislions  consisting 
on1;r  ■"  »»"B  slieht  differences  in  the  proporliona  orciu'ves.  The  only  nuuiked 
distinction  which  has  fallen  under  our  observation  is  tbe  form  employed  on  the 
Great  Western,  the  London  ard  Uriehton,  and  a  few  other  lines.  Thia  form 
may  be  dcicrihcd  as  a  regular  four  aided  pri^m  with  a  Bsnge  on  two  oppoaito 
aides  for  bolting  it  down  to  the  aleepers  or  other  supporla;  an  illualraliun  uf 
which  ia  nfTorded  by  the  following  cut,  which  ia  explanatory  of  the  permanent 
w[iy  of  tbe  Brighton  and  Hastings  Railway. 

The  marginal  figure  represents  _,_.^___ 

the  rail  in  section;  it  is  drawn  to  I^^^^^n 

a  scale  of  four  inchea  to  the  foot,  )<nN>,..  ^   . 

Irom  which  It  appears  by  calcula- 
tion to  weigh  about  HOIbs.  per 
yard:  affording  that  degree  of 
strength  and  stabiliiy  which  the 
present    eiperienco    of  railway  tSSi-J 

engineers     has      dictated     the  JSS^^I 

necesuly  of.  There  is  eonsider- 
eble  stiffness  in  this  configuration. 
"    r  the  flanges  it  i    '  " 


a  fully 


inchea  wide,  and  affords  thereby  a  very  useful  beartng  surface  on  the  bslUtt,  on 
which  it  is  supported,  except  at  the  aleeners,  which  are  imbedded  in  tbe  ballatt. 
Tliere  are  no  longitudinal  bearings  to  the  raits  or  aleepen,  butumply  s  eerie* 
of  transverse  sleepers  &  c  at  tbe  usual  distance  of  three  feet  apart.  There  are 
two  sorts  of  sleepers  used,  joint  sleepers  r  and  intermediate  sleepers  i\  th« 
farmer  are  Baltie  deals  S  feet  long,  4)  inches  thick,  and  14  inches  wide  j  the  latter 
8feetlong,4{inchesthick,and9{  wide.  On  ihetwojaint  slecpeisoniy  whetcthe 
ends  of  the  rails  a  a  are  brought  together,  there  are  put  what  are  called  chain 
dd,  consisting  merely  of  a  square  piece  of  thick  sheet  iron  turned  up  at  (ho 
edges  ihuE  1  I.  Into  these  chairs  the  ends  of  the  rails  are  put,  and  niikea 
driven  through  all  three;  namely,  the  flangca  of  the  rail,  the  "cbur,"  and  the 
joint  sleeper.  Between  every  two  joint  sleepers  there  ate  usually  three 
intermediate  sleepers  b,  and  to  these  the  rail  ia  fastened  by  a  half-headed  spike 
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«ih0WB  ril  «)iiat  thiMia^  hi 
^itt  M  aspBatsd  to  jOTt  fi>f 


L  holM  made  in  the flmgn,  but  M)  that  dMorcriMnging 
r  llie  eigra  of  die  flugefc     How  ioch  *  ttruetan 

at  nilwsy  tnffie,  ii  to  m  ■  mutet  of  lurpiue. 

Omn'i  Pathtt  Chaiu  and  SLiirEKi — Mr.  Ord'i  patented  unpranmenli 
in  Jmdw  and  Uoeka  for  tni^ortiiig  tbe  nili  eonnst  in  tbRnine  ^e  ileepen  of 
natal,  tmbadded  in  Mment  or  other  plaitic  nulerial,  ao  a*  t«  defend  the  metal 
Aon  tbaadian  a/ Ob  air  and  multure ;  and  afltvd  a  laige  beuing  Ms&ea.  JSp.  1 


mnaenti  penpectiTcly  a  cait-irsn  chair  to  whieh  ii  cart  on  the  imder  dde  a 
pnr  of  luce,  hannc  ■  larn  rectangular  ^erture  in  each,  through  which  is 
paMfd  a  Ev)  and  uitened  thereto  bf  &o  two  pint  ihown.  The  bar  ii  a 
tabatitate  At  an  Mdituvj  trantTcna  ilecper,  and  the  two  chain  are  thiu  fixed 
at  the  nqnired  gai^  apart  with  great  facQiiy  aod  tnith,  and  powoM  great 
firmneai  and  dvrduh^.  After  the  chair*  and  ban  have  beim  ihna  imiled  they 
are  to  be  imbedded  in  a  bitanuDOU*  cement  np  to  the  lower  tide  of  the  ehairt. 
In  the  annexed  J^.  2  one  of  a  pairof  ehairt  itthawn to  imbedded  in  cement; 
the  other  chair  of  tlie  pair  bnng  nippoied  to  be  c<mnected  vith  it  on  the  left 


'V^;  K' 


hand  dde;  the  miion  being  effected  by  what  may  be  termed  a  metallic  aleeper, 
rendered  indestructible  by  its  bituminous  encuement. 

Sleepers  or  blocks  formed  of  cement,  carrying  the  chairs  so  braced  together, 
are  intended  to  be  placed  transrenly  at  suitable  distances  ^wrt,  along  Ibe  line 
of  the  intended  railway ;  aod  when  they  ere  firmly  secured  to  the  ground,  the 
rails  are  to  be  fixed  to  the  chairs  m  the  ordinary  way. 

In  the  following  engraring  is  represented  one  of  Mr.  Orsi'i  chain,  which  is 
cast  in  one  piece  with  the  winged  and  other  projections  shown.  This  it 
•nbeequently  to  be  imbedded  in  asphalte  or  other  cement,  so  as  to  form  a  block 
or  slseper  with  a  broad  incorrodible  base.     Ihe  cement  in  a  fluid  state  it  poured 
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into  a  mould  containing  the  metallic  choir  Bud  iti  nipport,  and  liarileDi  as  it 
cooli  into  a  wlid  man.  The  luhjoined  S^re  shooioneuftlte  patentee'achun 
imbeddsd  in  a  biock  of  ocoient.  and  of  the  shape  iodicated,     Thew  euuDplei 


of  Mr.  Orii'a  invention  will  suffice  to  give  an  idea  of  the  modilicalioa*  whicti 

it  issiuceptibleofwlicn  taken  incoi^unctioo  witbtbefollavingtumaiu'y  of  hi« 


4 


claimi  made  in  tbe  ipccifii^atiDn,  n'liii.-h  are  expressed  as  foltov. 

"  fintly,  constructing  the  aleepen  of  bars  or  ruds  of  metal,  which  are  passed 
through  the  under  part  of  tlie  railvtaj  chairs,  and  are  imbedded  in  cement,  ao 
B9  to  form  black«,  having  broad  surfaces  at  bottom;  and  also  the  peculiar 
constiUi:tiun  of  chair  for  embracing  or  hiilding  the  bars  or  rods,  as  above 
described  and  shown  in  the  drawing.  Secondlj/,  imbedding  in  cement  blocks 
of  wood  braced  by  transverse  tension  rodii,  bo  as  to  fonn  aleepen,  upon  which 
the  ordinary  choirs  for  railwavs  may  be  li^ed  by  bolts,  screws  or  nails.  Tha^y, 
fixing  chairs  for  railways  in  blucki  of  cemenl  to  form  sleepera,  by  imbcddiiu; 
projections  or  wings  at  the  lower  parts  of  such  chairs  in  the  plastic  maleiial, 
connecting  two  such  blocks  or  sleepers  togetlier  by  traniverHe  rods,  attached  to 
the  metal  chairs.  And  bally,  roaslniclini;  lougitudinal  sleepers  for  railways 
by  means  of  itout  planks  of  wood,  combined  with  iron  bars  or  rods,  placed 
side  by  aide,  and  imbeddiid  in  cement  so  as  to  form  a  condnuona  block,  upon 
which  the  rails  may  be  fastened  dove,  without  employing  chaira." 
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SwircHBS. — In  order  to  enable  railway  trains  to  paM  from  one  line  of  railt 
to  another  as  becomes  necessary  on  Tarious  occasions,  at  certain  parts  of  the  line 
small  portions  of  the  rail  are  formed  of  bars,  termed  switches,  which  are 
moreable  upon  a  pivot  at  one  end  of  the  bar.  Various  arrangements  of  switches 
have  been  proposed,  or  are  in  operation,  depending  partly  on  the  nature  of  the 
serrice  for  which  thev  are  required,  some  of  whidi  are  self-acting,  and  c^ers 
Teomre  to  be  moved  by  an  attendant. 

The  annexed  figure  represents  a  mode  of  passing  carriages  from  one  line  of 
road  to  another,  sdopted  by  Mr.  Stephenson,  on  £e  Liverpool  &  Manchester 
Raflwajy  and  described  in  Wood's  Treatise  on  Railways. 
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Let  ef  be  the  road  into  which  the  carriages  are  to  be  made  to  pass,  ah  e  d 
being  the  main  line  of  road,  two  rails  are  made  moveable  upon  the  joints  a 
and  e:  these  two  rails  are  joined  together  at  the  other  end  by  an  iron  rod,  which 
is  extended  to  one  side  of  the  road.  This  end  of  the  rod  is  terminated  by  an 
oblong  box,  as  shown  in  the  figure,  and  within  this  box  an  eccentric  cam  or 
wheel  is  placed  with  an  upright  axle,  on  which  is  fixed  the  handle  h.  The 
difference  between  the  radii  of  this  wheel  from  the  centre  of  motion,  is 
precisely  equal  to  the  distance  between  the  ends  of  the  two  rails ;  when,  there- 
fore, the  eccentric  wheel  is  in  the  position  shown  in  the  figure,  the  carriages 
will  pass  along  the  main  line :  but  on  turning  the  handle  round  to  ky  and  with 
it  the  eccentric  wheel,  the  latter  pushes  the  rod  and  rails  into  the  position  shown 
by  the  dotted  lines.  This  mode  of  turning  the  carriages  into  another  road  is 
quite  safe,  and  can  admit  of  no  mistake  if  the  handle  be  turned  sufficiently 
round,  as  the  eccentric  wheel  is  made  to  move  it  the  proper  distance  and  no 
further. 

Cuans's  Pateht  Switches. — Mr.  W .  J.  Curtis's  improvements  in  switches 
have  come  into  extensive  use  on  the  Great  Western,  South  Western,  Midland 
Counties,  and  other  railways. 

Fif .  1,  in  page  428,  shows  a  plan  of  switches  for  a  single  crossing.  The 
switches  may  be  formed  various  ways,  but  the  patentee  recommends  the 
following;  viz.  rivetting  the  bars,  whether  two  or  more,  to  a  flat  plate  c  half  an 
inch  thick,  10  or  12  inches  wide,  and  15  feet  long;  the  bars  having  a  section  to 
correspond  with  the  rails,  are  rivetted  to  this  plate  c;  one  rail  bein^^  bent  to 
correspond  with  the  curve  or  cross  line,  and  the  other  straight  to  correspond 
with  tne  main  line  (if  straight),  or  should  both  be  curved  then  both  bars  are 
curved  to  correspond  with  their  respective  lines:  upon  the  back  or  underside  the 
centres  r  and  stud  plates  o  o  are  nvettcd. 

The  best  shape  is  to  make  them  round,  with  a  flat  face  or  flange,  and  the 
studs  welded  into  them.  The  bed  planks  a  are  formed  of  oak  planks  3  inches 
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thick,  ukd  at  ragulai  diibuiCMthsttiid  pUtcsi  lara  let  into  the  omk  bed  planki, 
ridng  about  l-6th  of  an  ioch  above  tbe  niTface,  w  that  the  iron  plata  ride 
wpm  the  iron  lurface*  of  the  ttud  plate*,  with  lew  Mctioa  than  if^tliey  w«« 


^r  them.    The  oak  planks  arc  then  let  into  the  Ion 
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€f  di0  nflvmjy  if  formed  upon  that  plan,  or  bolted  to  timber  of 
t  tolidihr  and  luited  in  the  usual  way  with  the  nult,  if  the  lyitem  of 

UodES  ana  iron  chain  be  employed.  A  plate  k  forms  the  centre  plate  for 

tfaa  eantie  atnds  to  work  in ;  a  hole  is  bored  in  it  to  suit  the  pin,  and  it  is  then 
boiled  to  tlM  bed  plank%  and  thus  the  switches  are  secured  at  the  end.  Two 
nffini  ban  ■  ■,  connect  the  switches  in  the  usual  manner,  the  longer  rod  passes 
Id  dM  Icfvvr  l,  bj  wbidi  the  movement  of  the  switch  is  effected;  the  lerer  l 
shown  io  tlie  pltti,  acts  in  the  manner  of  a  treadle,  and  the  upright  bar  o,  as  a 
string  or  holding  iMur :  thus,  a  man  depresses  the  end  of  the  lerer  l,  by  pressing 
Us  feol  upon  the  flat  part  x,  and  lajring  hold  by  the  crosshead  p,  of  the  upright 
bar  o,  be  eacerts  a  force  as  if  he  were  lifting  ^  weight,  by  which  means  his  weight 
and  moscular  force  are  brought  into  action  at  the  same  time,  and  he  is  able  to 
lift  the  coonteibalance  weight  m  of  nearly  three  hundred  weight  with  great  Mse: 
thm  a  rtry  lieary  counterbalance  weighl  may  be  employed  to  keep  the  switch 
open.  Tne  iqpright  bar  o  is  flexible,  and  formed  like  a  spring,  with  a  notch  or 
aind  which  shuts  under  the  lower  side  of  the  lever  l  when  the  switch  is  open, 
or  lig^  for  the  line,  and  prevents  the  possibility  of  the  train  opening  it  as  it 
passes  over  it ;  the  counterbalance  weight  is  enclosed  in  the  usual  way,  in  the 
ground  box  «.  d  d  d  n,  are  the  rails  of  the  line,  and  the  cross  line  at  the  head 
of  the  switch,  and  b  b  the  rails  at  the  foot  of  the  switch.  The  oak  bed  planks 
are  made  long  enough  so  that  about  1 8  inches  or  two  feet  of  the  rails  at  each  end 
lie  upon  it ;  thus  making  the  whole  steady  and  secure.  A  hand  lever  may  be 
empunred  instead  of  the  treadle,  or  any  other  suitable  means  to  work  the  switch ; 
also  if  the  crossing  be  a  compound  one,  or  any  number  of  turn-outs  take  place 
from  one  line,  then  each  plate  has  rivetted  to  it  as  many  bars  as  there  are 
separate  lines,  and  each  bar  must  be  bent  or  otherwise  as  before  explained. 

The  safety-guard  rail  q  shown  in  the  %ures,  is  contrived  with  the  view  of 
preventing  an  engine  or  train  running  off  the  rails,  by  the  switches  being 
placed  wrong.  As  has  been  before  observed,  the  balance  weight  keeps  the 
switch  right  for  the  line,  but  whilst  right  for  the  line  it  is  wrong  for  the  cross 
line ;  in  this  case,  if  an  engine  were  to  pass  along  the  switch  of  the  cross,  the 
wheel  would  impinge  against  the  guard  rafl  o,  push  the  switch  over,  and  make 
it  right  for  that  tine,  and  when  it  is  passed  over,  the  switch  will  shut  again  by 
the  reaction  of  the  counterbalance,  and  keep  it  right  for  the  main  line  as  before 
stated. 

Fig.  2,  in  page  430,  shows  a  modification  of  these  switches :  the  main  features 
of  this  arrangement  are  the  same  as  those  of  the  former  one,  the  bars  being 
bent  to  the  curves  of  the  respective  lines  to  which  they  belong,  and  the  same 
clearance  spaces  left ;  the  principal  difference  between  the  two  is  that  in  the 
latter  case  the  switch  has  a  movement  transversely  to  the  line,  and  not  moving 
from  a  centre  as  before :  the  bars  are  bolted  to  a  cross  frame  of  timber  a,  held 
together  by  bolts  passing  through  the  frame,  and  the  transverse  movement  of 
the  frame  is  produced  by  the  levers  l  l  l,  fixed  upon  the  lying  shaft  p ;  to  these 
levers  are  attached  the  connecting  links  huh,  connected  with  joints  fixed  in 
the  transverse  frame ;  then  by  moving  the  lon^  hand  lever  l  l,  either  of  the  bars 
of  the  switches  is  brought  in  contact  with  the  main  or  cross  lines  'at  will : 
stopping  pieces  h  k  k  are  placed  to  confine  the  movement  of  the  switch  as  in 
the  case  of  Fig,  1.  m  is  a  cast-iron  standard  for  the  lever  to  work  against, 
and  holes  are  made  in  the  segment  for  a  pin  to  be  inserted,  to  confine  the  lever 
in  the  usual  way.  d  d  o'  d'  are  the  bars  of  the  switches,  d  d  n  d'  the  bars  of 
the  line  and  cross  line,  and  a  a  the  bars  of  the  line  at  the  foot  of  switch. 

Fig.  3,  in  page  431,  represents  an  adaptation  of  these  switches  to  points 
or  crossings.  The  switches  are  made  in  the  same  way  as  those  pre- 
viously described,  except  that  they  are  shorter,  the  length  whatever  it  may 
be  bein^  determined  by  the  distance  for  clearance  between  the  rails  which 
may  be  fixed  upon  by  the  engineer,  and  for  which  3  inches  will  be  generally 
found  to  be  sufficient.  The  point  of  contact  for  the  foot  of  the  switch,  may 
be  at  the  point  where  the  inner  edges  intersect  each  other,  or  at  any  place 
between  that  point  where  the  outer  edges  of  tlie  rsiiU  intersect  each  other;  then 
measure  from  this  point  until  the  rails  oiK^n  3  inches  (or  tlie  space  required  for 
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cleBrance)  which  gim  the  place  for  the  head  or  centre  end  oT  [be  ivitch : 
■tud  or  joegle  piecei  are  placed  M  before  described,  to  confine  ibe  iwitchei 
nilhJD  their  limits  of  motioD.  The  iwitchei  maj  be  either  double  or  single, 
and  accordingly  one  ii  ahown  ai  lingle,  and  the  other  ■■  double  in  Lhe  figure, 
but  in  all  caiet  the  head  or  centre  <tf  the  twitch  ihould  be  placed  aa  shown  in 
this  figure,  because  whichever  way  the  switch  is  laid,  it  it  held  in  its  place  by 
tl|e  fixed  stud  pieces  1 1,  bo  that  a  tnin  pasnng  over  the  switches,  bai  a  tendency 
by  iu  action    to  pnih   the  laili  out  to  keep  the  switchea  the  more  iteady. 


CURTIS'S  SWITCHES. 


431 


asbtiMeoniMelingliiik  worked 
hgffStm  bdlemik  My  whidi  crank 
wgr  be  competed  with  a  lerer, 
tmm,m  ml  joraccmtiic  hv  meant 
ef  Om  fink  v:  the  rod  ilidea 
dnoagh  diegnidet  r  V  F  V  which 
amww  the  pnrpoae  of  the 
guide  faoiei  and  glandi:  these 
goide  nieoea  aa  well  aa  the 
guide  eosea  axe  fixed  in  any 

aiBBBar.  B^  the  movement  dt 
tha  hdS  cnnk,  the  eonneeting 
fink  K  ia  mored  towaida  the 
riig^  hand,  and  the  xoda  s  a 
en  BMide  to  ocenpy  the  poittbn 
in&ated  hj  the  dotted linet: 
tiie  twitches  are  then  thrown 
into  gear  with  the  other  or  cross 


Fig.  4,    in    page  432,    re- 
presents in  plan  these  switches 
arranged  to  form  the  points  of 
a  doiwle  crossing,  where  n  m 
shows  the  main  fines,  and  t  t 
one  nair  of  cross  line^  and  h  h 
anotner  pair  of  cross  lines.  The 
intersections  of  the  cross  lines 
is  shown  hythe  dotted  lines; 
thns  the  bars  d  d  alternately 
make  the  connexion  with  t  t 
and   H  r:    the   switches    are 
formed   in   the   same  way  as 
those    before    described,    and 
jogglo  or  stud  pieces  i  1 1  i,  are 
provided  to  limit  the  motion  of 
the  switches  as  before  described. 
B  shows  the  drcular  case  in 
which    the    upright    shaft    of 
the  hand  crank  or  lever  works. 
Upon    the   lower  end  of  the 
upright  shaft  a  three-pronged 
crank  is  formed,  and  to  one  of 
these    cranks    or  prongs    the 
connecting    link  h    is    united 
by  a  pin  joint ;  each  of  these 
prongs  catches  into  the  latch  a, 
as  it  passes  over  it,   so  that 
when  tne  centre  prong  is  held 
in  the  latch  as  shown  in  the 
figure,  the  main  line  u  u  is 
complete  as  drawn,  but  when 
the  handle  is  moved  to  the  one 
side    or    the    other,    and    the 
switch  made  to  complete  either 
of  the  cross  lines  y  or  h,  then  the 
prong  c  T  or  c  H  is  held  in  the 
latch,  and  retains  the  switch  in 
its  position.     The  latch   e  is 
depressed  by  a  man  placing 
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his  foot  upon  the  spring  s,  which  when  released  raises  the  hitch  again  :  the 
rods  H  u  connect  the  switches  together,  and  the  switches  are  based  upon 
timber  as  before  described,  or  are  placed  in  a  cast-iron  bed-plate,  or  finished 
in  any  other  usual  and  suitable  manner.  The  centre  studs  r  p  work  in  cast-iron 
bed-plates. 

Turntables. — In  order  to  transfer  an  engine  or  carriage  laterally  to  another 
line  of  rails,  at  a  station  or  terminus,  circular  platforms  called  turntables  are 
established  upon  each  set  of  rails,  which  turn  as  upon  a  pivot  in  the  centre  of 
each  line,  each  contiguous  pair  of  tables  being  connected  by  short  branch 
rails,  standing  at  right  angles  to  the  line  of  rails.  The  engine  or  carriage 
to  be  transferred  is  brought  to  rest  wholly  upon  one  table,  which  is  then 
turned  a  quarter  round,  and  the  carriage  is  then  wheeled  on  to  the  next  turn- 
table, which  being  likewise  turned  a  quarter  round,  the  engine  or  carriage  will 
then  be  in  a  position  to  proceed  on  the  line  to  which  the  second  table  appertains. 
Turntables  are  variously  constructed ;  the  annexed  figure  (p.  433)  represents  a 
section  of  one  which!  is  in  pretty  extensive  use  on  severu  railways ;  amongst 
others  (we  believe)  the  Great  Western. 

It  is  the  invention  of  Capt  Handcock  of  Birmingham,  who  obtained  a 

Satent  for  it  in  1840.  The  base  plate  is  formed  of  cast  iron,  and  consists  of  a 
eep  socket  a  in  the  centre,  from  which  branch  several  radiating  ribs  b  b, 
which  are  braced  together  by  two  broad  flat  rings  c  c,  d  ia  a  column  or 
pedestal  firmly  key^  into  the  socket  in  a  per&ctly  vertical  position,  and 
froming  the  support  to  the  platform  of  the  table ;  e  e  are  loose  collars  of  gun- 
metal,  resting  upon  shoulders  formed  on  the  pedestal,  which  is  accurately 
turned  at  those  parts  so  as  to  fit  the  collars  without  shake  or  friction  ;  /  is  a 
cylindrical  tube  or  casing  surrounding  the  pedestal,  and  collars  with  recesses 
accurately  bored  to  fit  the  collars ;  g  is  the  turnine  platform,  having  in  the 
centre  on  the  under  side  a  steel  pivot  A,  which  rests  m  a  steel  step  k ;  m  the  top 
of  the  pedestal  m  m  are  a  series  of  struts  or  stays,  resting  upon  a  stout  flancii 
at  the  bottom  of  the  casing/,  and  supporting  the  platform  at  the  circumference. 
To  provide  for  the  efficient  lubrication  of  the  collars,  a  flat  plate  n  having 
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n  covered  with  leather  to  form  ■  tight  joint,  li  lertwed  up  lo  the 
Doaom  oi  me  fliDch  of  the  camig,  and  the  ipace  between  the  pedntel  Mtd 
(he  interior  of  the  eaiing  ii  filled  with  oil.  The  Mlowio^  cut  (pese  434)  repre- 
Bcnt*  B  tmnbtble  of  n  oifiereDt  deeeriptioQ,  which  wm  inTeoted  by  Mr.  BoMtt 
HaUet^  of  DuUin,  C.E. ;  &om  whote  able  pen  an  ample  docripticni  of  it 
ajipaaied  in  the  Mechaniea'  Magaiine ;  we  ihall,  however,  endeavour  to  explain 

Frao  the  verdeal  preMim  (^  Ibe  table  being  miffutM  en  a  fluid,  Mr.  Mallet 
nanwd  it  the  "  HydnwUtic  Tnmtahle.'' 

The  platform  a  of  thii  table  ii  modi  the  aame  aa  nmal,  conntting  of 
fimr  or  more  inteiiacing  ribi  b,  of  about  13  inehea  in  depth,  at  the  centre, 
ocMmecled  bj  a  ring  at  the  drcumference,  and  all  eaat  in  one  ^ece.  The  top* 
t^  the  riba  ranj  the  croanng  raili,  and  the  intai^Mcaa  are  plinkwii  or  opea 
catt-iron  trellii  gratingi  are  dropped  into  them  and  reet  npca  a  rebate.  The 
central  portian  of  the  riba  i«  ■eenred  by  bolti  to  the  nrmeetlng  flanchei  of  the 
large  Terticnl  pillar  or  pivot  c,  upon  and  with  which  the  whole  reTolvei. 
The  lower  portion  of  tbie  pivet,  ai  well  ai  a  broad  collar,  or  neck  d,  eloie  under 
the  platform,  are  tnmed  truly  cylindrical,  while  the  fomi  of  the  remainder  it 
generally  conical. 

Thii  central  pillar,  or  pivot,  ij  caat  hollow,  of  thickncM  loltable  for  lufficieut 
ilrength.     At  the  aame  level,  and  concentric  with  the  toned  collar  d  of  the 

Sivo^  ii  placed  a  coit-iron  bored  rine  e,  connderably  larger  in  iotetoal 
Lameter  than  the  external  diameter  of  the  pivot,  and  wbioh  b  auatsined  in  its 
pWe,  and  all  lateral  or  other  motion  thereof  prevented,  by  a  number  of 
diagonal  itnita  k,  and  by  four  vertical  bolta  i,  fitted  and  bolted  to  the  ontaide 
of  the  ring,  or  "  bearing  collar"  e,  and  alao  to  a  laree  concentric  ring  cattillg  I, 
which  i*  built  into  the  tide  walli  of  the  tumlabte  pit, 

Tbe  lov^  part  of  the  main  pivot  conit*l>  of  a  turned  cvlinder,  like  the 
plunger  or  nun  of  an  hjdnuilic  presa,  and  which,  abo,  like  the  latter,  drops 
into  a  strong  bored  cj'linder  et,  of  a  few  inches  in  length,  prepared  at  its 
npper  lip  to  receive  a  double  leather  collar  a,  upon  Bramab's  plan,  so  at  to 
remain  wateivdght  under  conriderable  preanire;  the  cylinder  hM  a  close 
bottom,  and  is  provided  with  atmall  tube  o,  opening  into  one  aide,  aud  closed  by 
a  acrew-plug  valve  of  simple  construction,  bj  which  the  interior  of  the  cylinder 
may  be  filled  with  water.  The  lower  part  of  the  turntable  pit  contisls  of  an 
inverted  arcb,  or  rather  dome,  of  brick  or  itone,  restine  npon  a  bed  of  concrete 
when  requinte,  and  this  small  hydraulic  cylinder  is  bedded  down  upon  a  caat- 
iron  ring,  forming  tbe  centre  or  crown  of  the  inverted  dome,  and  ii  secured 
and  adjoited  to  tbe  Utter  bj  means  of  bolts  passing  through  a  projecting 
Buich  cast  round  it.  To  counteract  the  lateral  pressure,  when  an  ennne  is 
pasdng  <m  to  the  table,  is  the  abject  of  the  upper  collar  d,  and  bearing  collar  t; 
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between  these,  into  the  annular  space,  left  by  reason  of  their  different  diameters, 
is  dropped  a  dreular  wronght-iron  frame^  consisting  of  two  rings  of  flat  bar 
iroDy  carrying  six  turned  cast-iron  roller^,  revolving  horizontally  between  these 
coUan^  upon  wrought-iron  pins,  which  pass  through  and  connect  both  wrought- 
iron  rings.  The  weight  oi  these  rollers  and  rings  is  sustained  by  four  small 
roUers  jT,  which  are  fixed  as  to  position,  and  revolve  verticaUy  in  pairs^  cast  in 
bracheta,  projecting  inwardly  from  the  turned  bearing  collar. 

T%e  Broad  mmd  Narrow  Oauges, — The  inconvenience  arising  from  a  diveiiity 
in  the  breadth  of  space  between  the  two  Unes  of  rails,  on  one  railway  compared 
with  thai  on  another,  became  the  subject  of  much  discussion,  and  of  ammad- 
ranMKk  upon  Mr.  Brunei's  adoption  of  the  "broad"  gauge  of  7  feet,  on  the 
Great  Western  line,  in  preference  to  the  j^evious  generally  adopted  "narrow" 
gauge  of  4  fieet  8|  incbesi  between  the  rads.  The  inconvenience  is  especially 
felt  in  the  transfer  of  many  kinds  of  goodi^  where  the  "breaks"  or  gauge 
oeenr,  as  it  necessitates  the  imloading  the  waggons  on  one  line,  and  relcMding 
other  waggons  on  iho  other  line;  and  as  they  are  of  very  different  dimensions, 
and  require  a  different  plan  of  loading,  injury  oflen  results  by  the  shifting  and 
unpacking  of  the  goods;  besides  incurring  much  labour,  expense,  loss  oftime, 
and  not  unfrequently  pilfering.  A  great  variety  of  mechanical  contrivances 
have  been,  for  years  past,  suggested  to  remedy  the  inconvenience  of  the  change 
of  gauge,  but  none  that  can  be  regarded  as  equalling  the  advantages  gained  by 
an  uninterrupted  or  uniform  gauge. 

To  determme  what  ought  to  be  done  under  these  difficulties,  a  government 
commission  has  been  appointed  to  inquire  "whether  in  future  acts  of 
parliament  for  the  construction  of  raiNrays,  provision  ought  to  be  made  for 
securing  a  uniform  gauge,  and  whether  it  would  be  expedient  and  practicable 
to  take  measures  to  bring  the  railways  already  constructed,  or  in  progress  of 
constraction,  in  Great  Britain,  into  uniformity  of  gauge,  and  to  inquiro  whether 
any  other  mode  could  be  adopted  of  obviating  or  mitigating  the  evib  apprehended 
as  likely  to  arise  from  the  break  that  wiU  occur  in  railway  communication, 
from  the  want  of  an  uniform  gauge."  The  commission  was  dated  1 1  July,  1845, 
and  consbted  of  the  following  members:  Sir  J.  M.  Frederick  Smith,  Lieu- 
tenant-Colonel Royal  Engineers,  Professor  Airy,  Astronomer  Royal,  and 
Professor  Barlow ;  names  m  which  the  public  deservedly  place  the  highest 
confidence  for  their  intellectual  capabilities  and  perfect  integnty. 

These  gentlemen  called  before  them  such  persons  as  they  deemed  most 
competent  by  their  situation,  knowledge,  or  experience,  to  afford  them  correct 
information  on  the  subject  of  their  inquiry,  and  had  produced  before  them  such 
books  and  documents  from  the  various  railway  companies  as  appeared  to  be  the 
best  calculated  to  aid  their  researches.  They  personally  examined  into  the 
usual  course  of  proceeding  on  various  railways,  botli  at  home  and  abroad, 
especially  those  which  are  incident  to  a  break  of  gauge.  Having  inspected 
several  locomotive  engines,  as  well  as  various  mechanical  contrivances,  invented 
either  for  the  general  use  of  railways,  or  for  obviating  the  special  difficulties 
presumed  to  arise  from  the  break  of  gauge,  and  having  earned  their  investi- 
gation to  the  utmost  useful  limits,  they  drew  up  a  Report,  which  we  shall  now 
proceed  to  give  the  substance  of,  in  a  condensra  form ;  as  all  the  material  facta 
oearing  upon  the  subject  seem  to  have  been  investigated  with  scientific 
intelligence,  and  correct  judgment,  and  entirely  free  from  party  bias  to  any  of 
the  great  rival  companies,  whose  interests  are  affected  by  the  decision  of  the 
question  propounded;  moreover,  because  many  of  their  deductions  from  the 
evidence  elicited,  form  useful  data  for  the  guidance  of  railway  engineers. 

The  attention  of  the  commissioners  was  first  directed  to  ascertain  whether 
the  break  of  gauge  could  be  justly  considered  so  great  an  inconvenience  as 
to  require  the  interference  of  the  legislature.  This  important  part  of  the 
inquiry  is  treated  under  the  following  heads;  viz.  firsts  as  applying  to  fast  or 
express  trains;  secondly ^  as  applying  to  ordinary  or  mixed  trains;  Odrdly,  to 
goods  traios;  and  fourthly ^  to  the  conveyance  of  troops. 
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1.  AtapplyitgloFaitarErpreuTraim;  tliecomraiMionenobten-e,  "  We 
beliere  tMt  the  iocanvenience  produced  by  a  break  of  gaa^  will,  in  some 
reapecti,  be  leas  fell  in  tlietc  tbun  in  other  trains,  because  ibe  passengers 
trsvelling  by  fast  trains  aie  usually  of  a  class  who  readily  submit  Id  niHoy 
incoiiveuiencea  fer  the  sake  of  increased  >peed  «n  the  journey;  the  inconve- 
DieDces  of  a  break  of  gauge  are  reduced,  in  this  instance,  U>  the  removal  of  the 
passengers  and  a  moderale  quantity  of  luggage." 

2.  Ai  applying  to  ordinary  or  mixed  Traint. — "  lu  these  trains  the  passengers 
considerably  exceed  in  number  those  who  travel  by  the  fast  trains,  and  tbey 
have  generally  B  much  greater  quantity  of  luggage.  To  such  Iravellena  duinge 
of  carriage  is  really  a  serious  inconvenience,  and  it  is  a  well-known  fact  that 
persons  travelling  by  railways  in  communioadon  with  each  other,  but  ouder 
different  mnnagements,  endeavour  to  make  such  Hrrangemeots  as  to  admit  ol' 
their  travelling  hy  those  trains  which  afford  them  the  Bccommodaliou  of 
occupying  the  same  carriage  from  ibe  beginning  to  the  end  of  their  journey. 

"  The  managers  and  directors  of  railwaysare  well  aware  of  (his  feeling,  and 
in  some  instances  accommodate  the  public  by  enabling  traveUera  to  avoid  a 
change  of  cnrrio^e  on  the  journey. 

"  It  is  by  the  ordinary  or  mixed  trains  that  private  carriages  and  bones  are 
conveyed,  and  the  removal  of  either  Grom  one  truck  or  horse-box  to  another, 
at  any  part  of  the  journey,  would  be  attended  with  inconvenience  and  delay; 
and  witli  regard  lo  the  horses,  it  would  involve  considerable  risk. 

"We  arrive,  therefore,  at  the  conclusion,  that  the  break  of  gauge  wouldinflicl 
considerable  inconvenience  on  travellers  by  the  trains  now  under  cooaideralion. 

"  The  change  of  carriages,  horse-boxe^  and  trucks,  and  the  transference  of 
Inggsge  of  an  entire  train  nf  much  extAt,  must,  even  in  the  day-time,  be  an 
inconvenience  of  a  very  serious  nature,  but  at  nigbl  it  would  be  an  intolerable 
evil,  and  we  think  legislative  interference  is  called  for  to  remove  or  mitigate 

3.  Ai  applying  to  Goods  Traiiu. — "  From  the  statements  made  to  us  by 
cBrrien  on  railways,  and  from  our  own  observation,  we  are  induced  to  believe, 
that  not  only  a  considerable  degree  of  care,  ji  dgment,  and  eipcrienee  is 
necessary  in  the  stowage  of  merchandise  in  railway  waggons,  but  also,  that  it 
ii  desirable  that  when  properly  packed  the  nrlicles  should,  generally  speaking, 
not  be  disturbed  until  the  journey  is  completed.  We  find  that  in  the  arrange- 
ment of  merchandise,  the  heavier  goods  are  placed  at  the  bottom,  and  the 
lighter  at  the  top  of  the  load,  and  so  secured  as  to  prevent  friction  as  far  as 
practicable  from  the  jolting  of  the  waggons ;  and  it  is  considered  very  desirahle 
with  a  view  In  prevent  loss  by  pilfering,  ihnl  the  sheeting,  which  is  placed  over 
the  load,  should  not  be  removed  till  Ihe  completion  of  the  journey.  Indeed, 
acting  upon  this  principle,  carriers  find  it  proGlable  to  send  their  waggons 
partially  filled  from  various  statians  on  the  line,  thereby  increasing  tbeir  It^  to 
the  railway  company,  ratber  than  incur  the  risk  of  loss  by  theft,  to  wbieh  ibey 
would  be  exposed  by  uncovering  the  waggons  on  the  journey,  to  fill  up  with 
intermediate  local  goods  waggons  Ihat  may  have  started  with  light  loads  from 
one  of  the  termini. 

"  In  the  conveyance  of  machinery  and  articles  of  a  similar  class,  which  are 
both  heavy  and  delicate,  it  is  of  the  utmost  consequence  that  the  load  should 
not  be  disturbed  belween  the  beginning  and  the  end  of  the  journey.  The 
traffic  upon  the  line  of  railway  between  Birmingham  and  Bristol  has  been 
greatly  restricted  by  the  intemipUon  of  gauge  at  Gloucester. 

"In  respect  (o  the  conveyance  of  minersla,  the  inconvenience  of  a  break  of 
gauge  would  he  very  serious;  the  expense  of  the  transfer  would  be  sensibly  felt ; 
moreover,  many  descciptions  of  coal  are  subject  logreatdelerioration  by  breakage. 

"  In  rei^ard  lo  various  articles  of  agricultural  produce,  the  loss  by  removal 
would  be  less  than  on  other  classes  of  goods;  much  inconvenience,  however, 
would  be  found  in  the  transfer  of  timber:  and  the  difficulty  of  sbil^ng  cattle, 
would  be  so  great  as  to  present  an  insurmountableobstacletoauchanarrongenient 
from  (he  excited  state  of  (he   animals  after  trsTelling  hy  railway,   and  the 
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Umj  in  eoDMqiieiiee  offer  wben  it  is  attempted  a  tecond  time  to  force 
theni  fate  •  milwmy  wiggon." 

4.  Am  ^flsfi»g  io  the  Ccmveffwue  of  Troop$, — <*  This  is  another  use  of  railwrnys 
mhkik  we  nnve  deemed  it  necessary  to  consider.  Although  a  break  of  gange 
oo  Ae  line  of  route  woidd  produce  both  delay  and  confusion,  yet,  as  it  is 
imally  jpnotieable  to  giro  notice  of  the  intended  movements  of  a  body  of 
tioops^  the  ineonTenience  of  the  break  of  gauge  might  be  so  reduced,  as  not  to 
bean  evil  of  great  impoitanee;  but  in  the  event  of  operations  for  defensive 
olject%  agidnet  an  enemy,  the  inconvenience  would  assume  a  serious  character. 

"  it  woold  i^pear,  Ibat,  for  the  defence  of  the  coast,  dw  proper  course  woidd 
ba  tD  retain  the  great  mase  of  troops  in  the  interior  of  the  country,  to  wait  until 
dM  BaiBi  aeieeted  by  the  enemy  for  his  attack  should  be  ascertained  with 
tmma/tff  and  than  to  move  upon  that  point  such  an  overwhelming  force  as 
ebwdd  be  adaqjuate  to  the  eaM^ncy. 

**Tbe  troops  should  be  carried  with  their  equipments  complete  in  all  their 
delaQ%  and  with  their  artillery  and  ammunition ;  and  it  therefore  appears  in- 
diyaueably  necessary,  in  order  to  insure  the  requisite  supply  of  carriages, 
where  peinape  little  or  no  notice  can  be  previously  gplven,  that  the  whole  should 
be  conveyed  in  the  same  vehicles  from  the  beginning  to  the  end  of  the 
journey." 

Afi^  oonsiderine  the  subject  in  several  other  points  of  view,  which  it  would 
be  needless  to  ipecify,  the  commissioners  came  to  the  conclusion  that  a  break 
iffgm^  woM^e  a  eery  serious  evU, 

£xpe£etU  of  Telescopic  A  les  to  apfhf  to  all  gouges, — Of  the  various 
mechanical  contrivances  submitted  to  the  investigation  of  the  commiisioneni, 
was  one  under  the  foregoing  denomination ;  wherem  the  running  wheels  of  the 
carriages  are  made  capable  of  sliding  along  the  axles  when  required,  per- 
mitting the  wheels  to  approach  nearer  to,  or  separate  farther  from  each  otner, 
and  thus  be  applicable  to  both  gauges.  By  detaching  the  wheeb  from  one 
fixed  point,  then  pushing  the  carriage  along  conveiging,  or  diverging  rails, 
until  tbe  wheeb  were  brought  to  fit  the  change  of  gauge,  and  screwing  ibe 
wheeb  to  the  axles  again  at  another  fixed  point,  the  remiired  alteration  would 
apparently  be  easily  managed,  but  it  b  nevertheless  liable  to  serious  objections. 
It  b  well  known  that  a  very  slight  degree  of  unsteadiness  of  the  wheeb  of  a 
railway  carriage  upon  the  axles,  renders  it  Ibble  to  run  off  the  rails.  The 
safety  of  an  entire  train  might  thus  be  endangered,  by  one  case  of  neglect  in 
reftstening  the  wheeb  of  a  carriage;  and  when  it  b  considered  that  the 
attendants  would  have  to  adjust  a  great  many  carriages  in  succession,  some- 
times as  many  as  a  hundred  m  one  goods  train ;  that  the  adjustments  have 
also  to  be  made  hurriedly ;  occasionally  in  the  worst  of  weather,  and  at  night; 
besides  the  attention  required  for  loading  or  unloading  of  goods ;  altogether, 
it  would  become  so  severe  and'anxious  a  duty  to  the  attendants  that  it  would  be 
scarcely  possible  to  avoid  the  occurrence  of  very  serious  accidents  from  over- 
sight, neglect,  or  forgetfulness.  But  the  danger  attending  the  plan  is  not  tlie 
only  objection.  On  the  ground  of  expense,  the  introduction  of  the  plan  is 
inadmissihle. 

Expedient  cf  mounting  Carriages  vpon  Trucks  of  a  different  gauge, — 
The  pbn  of  running  loaded  waggons  from  a  narrow  gauge  railway,  on  to  trucks 
that  work  on  the  broad  gauge  lines,  is  of  course  one  of  facility ;  but  it  is  only 
applicable  for  the  transmission  of  goods  from  the  narrow  to  the  broad  gauge. 
Ine  attempt  to  carry  loaded  broad  gauge  wa^eons  upon  trucks  on  the  narrow 
gauge  rails,  would  be  preposterous,  as  it  would  necessitate  all  the  broad  gauge 
fines  to  be  provided  not  only  with  their  large  trucks,  but  a  stock  of  narrow 
gauge  waggons,  or  they  would  be  unable  to  transfer  the  goods  on  to  the  narrow 
gauge  raOs,  except  occasionally.  But  even  with  regard  to  the  passage  from  the 
narrow  to  the  broad  gauge,  the  system  will  not  bear  examination.  *Mf  the 
trucks  are  supported  on  springs,  there  is  practically  a  difficulty  in  miming  the 
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waggons  upon  (hem ;  iiiid  if  ihcy  are  not  uppotied  on  springs,  ihe}-  nil! 
ludain  greai  inju'v  on  the  iounieys.  If  they  ore  loaded  "pgiy,  ihcre  will  be 
>  grent  delay ;  if  they  are  placud  in  a  row,  aiid  die  nurrow  gauge  cBiriagM  arc 
ran  thron^b  ilie  whole  wries,  very  great  caulion  will  be  ncceuary  tu  serure 
each  CAmege  both  in  front  and  in  ri'or."  Fat  Ihe  forpgoing  as  well  sa  ottier 
coniideraliotil,  the  commigiionen  rejecl  [he  propoial  as  entirely  inapplicable 
to  (he  Irafiic  of  railwaya. 

Etptditut  of  ihi/tiag  lAt  bodiei  of  Cairiaga  froia  OBc  aheeltd  platform  to 
OHOlAer  hamngad'iftrtntgimge. — Although  the  lygtem  has  been  partially  adapted 
in  Prnlice,af  ibifllng  the  bodiea  of  carriages  from  Ihe  mod  wheels  (o  ihoie  of  the 
railway,  the  comminioneni  regard  it  ai  inapplicable  to  our  rapid  itaieUine : 
white  it  deprive)  (be  railway  system  of  one  of  its  greatnl  convenieiieei,  naine^, 
"  ill  readlnesa  (o  receive  atmoit  any  number  of  pai»eDgei«  without  warning,  and 
to  carry  ibem  to  any  required  distance." 

Exptditnt  of  carri/ing  miiuralt  and  nterchand'at  in  loote  boxes,  capaitt  of 
being  shifttd  from  one  Tnick  to  another,  in  such  manner  tbat  one  nioy  be 
carried  an  a  narrow  gauge,  and  two  on  a  brojd  gauge  tiuck. — The  com- 
missioners stale  that  this  plan  has  been  repeatedly  tried,  and  the  experience  is, 
[hat  it  has  barely  succeeded  in  a  ten])>orary  trial  by  one  engineer  who  bad  the 
entire  control ;  but  that  it  has  in  most  inilances  failed,  awine  to  the  deleriora- 
lion  produced  by  the  shifting  of  Ihe  mineral  conveyed:  iough  no  exptiise 
was  ipared  in  the  erection  of  proper  machinery  fur  ejecting  tbe  transference 
of  tbe  loose  boxes;  and  these  failures  occurred  in  a  Iroac  wliicb  is  eom- 
paratively  regular,  namely,  that  of  coal.  In  traffic  ofa  more  varied  character, 
the  liabiuty  to  failure  would  be  much  increased. 

Eipeditnt  for  a  Conbiaalion  of  lico  gauget  on  one  line,  by  placing  one  or 
two  intermediate  rails  between  tliose  on  the  broad  gauge,  so  as  to  enable  tlie 
use  of  tbe  engines  and  carriages  of  both  gauges,  would  alio  be  productive  of  many 
difficultiei,  and  the  expense  be  enormous.  If  two  rails  were  placed  between 
those  of  the  broad  gauge,  so  oa  lo  form  a  narrow  gauge  track,  the  carriages  of 
each  gauge  might  travel  together,  without  any  allecation  of  their  buffers,  as  the 
distance  of  tlicse  from  the  centre  is  precisely  the  Bflme  in  bath.  The  cost  of 
such  an  alteration  has  been  estimated  at  even  more  (ban  etitiie  change  of 
gauge,  including  eugities,  and  carrying  stock.  Tbe  complication  wliich  il  would 
introduce  at  the  crossings  would  be  attended  with  increased  danger,  or  a  loas 
of  speed.  It  would  also  be  difficult  to  pack  and  adjust  such  rails  properly. 
In  the  case  of  a  ilngle  rail  being  inserted  at  4ft.  8iin.  diitonce  from  one  of 
those  on  the  broad  gauge,  (he  difficulties  just  mentioned  would  be  in  a  cettaiu 
degree  lessened,  hut  it  would  introduce  another,  which  seems  to  have  escaped 
the  attention  of  the  commissionerB ;  namely,  that  of  causing  the  douUe 
traffic  upon  only  one  of  the  original  broad  gauge  rails,  and  the  titigle  traffic  on 
the  other  broad  gauge  rail.  If  we  consider  the  enormous  difference  between 
the  operating  forces  on  the  rails  in  a  double  train,  the  effect  of  the  concutsiona 
of  such  an  unbalanced  force  would  be  rapidly  desljucljve  of  far  mote  stable 
substniclures  than  have  hitherto  been  found  necessary.  It  would  at  least 
render  il  necessary  to  make  the  single  rail  which  sustains  tbe  double  Uraffie 
much  stiffer,  and  the  supports  more  solid ;  otherwise  a  disniplion  would  speedily 
ensue,  and  it  would  always  be  dangerous  to  travel  upon.  Besides,  tbe  narrow 
gauge  traffic  on  the  broad  gauge  line  would  probably  continually  increase,  and 
■hereby  increase  the  disparity  of  the  resisting  powers  of  each  rail,  and  never 
Bllain  iliet  uniformity  of  vibration  and  resistance,  that  appears  to  be  essentia] 
to  (he  stability  of  the  structure. 

The  commissioners  lay  it  down  as  the  lirsl  principle,  that  intercommunication 
(if  railways  tliroughout  the  country  ought,  if  possible,  to  be  secured.  If,  to 
obtain  the  last-mentioned  object,  it  should  be  necessary  to  alter  or  make  a 
change  in  any  eiiiling  roilwaya.  Ihey  think  that  il  may  be  left  as  a  matter  of 
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olterior  eonsidcfmtion  for  the  legislature,  whether  in  these  limited  instances 
the  combination  of  gaoges  may  not  be  allowed. 

After  giving  to  aUthe  plans  snbmitted  to  them,*  the  most  mature  oonsidera- 
tiony  the  commissioners  came  to  the  conclosion,  that  none  of  them  were 
adapted  to  effect  an  adequate  remedy  for  the  inconveniences  incident  to  a 
break  of  gauge;  and  hence  they  entered  upon  the  following 

CciuideraUomM  on  iht  general  poUey  of  etUtbHtkuig  oh  wuformitg  of  mmge 
tknmghmU  the  eomUrp. — In  the  earlier  period  of  railway  history  of  Uiis 
countiy,  the  great  trunK-lines  were  so  far  separated  as  to  be  independent  of  each 
other,  and,  as  it  were,  isolated  in  their  respective  districts,  and  no  diversity  of 
gauge  was  then  likelv  to  interfere  with  the  personal  convenience,  or  the 
commerciid  objects  of  the  oommunihr ;  but  now  that  railways  are  spreading 
in  aU  directions,  and  becoming  interlaced  with  each  otlier  in  numerous  places, 
that  isolation  is  removed,  that  independence  has  ceased,  and  the  time  has 
arrived  when,  if  stepe  cannot  be  taken  to  remove  the  existing  evil  of  the 
diversity  of  gauge,  a  wider  spread  of  this  evil  should  be  prevented.  The  com- 
missioners having  arrived  at  the  decision  that  equalisation  is  desirable,  they 
proceed  to  consider  what  gauge  would  be  the  most  eligible  to  adopt,  under  tbie 
following  four  heads  : — 

1.  Comparative  Safety  of  the  different  Gauges. — Experience  has  shown  that 
railway  accidents  arise  from  collisions,  obstructions  on  the  road,  points 
wrongly  placed,  slips  in  cuttings,  subsidence  of  embankments,  a  defective  state 
of  the  permanent  way,  loss  of  gauge,  broken  or  loose  chairs,  fractures  of  wheels 
or  axles,  &c.,  and  lastly  from  engines  running  off  the  lines  from  some  other 
cause.  Of  these  several  causes  of  accidento,  all  except  the  last  are  obviously 
independent  of  the  gauge ;  and  with  reference  to  the  last,  it  does  not  appear 
that  either  of  the  gauges  possesses  more  security  than  the  other  against  such 
accidents.  Only  six  accidents  of  the  kind  occurrea  between  October  1840,  and 
May  1845 ;  whereas  there  have  been  no  less  than  seven  during  the  last  seven 
months ;  and  these  last  are  all  attributable  to  excessive  speed,  the  majority 
having  happened  to  express  trains.  Of  these  13  acidents,  10  have  occurred  on 
the  narrow  gauge,  and  only  three  on  the  broad ;  but  as  there  are  1901  miles  on 
the  narrow  gauge,  and  only  274  on  the  broad,  therefore  the  comparison  per 
mile  is  in  favour  of  the  narrow.  Nevertheless,  as  the  speed  on  the  Great  Western 
much  exceeded  that  on  the  narrow  lines,  some  allowance  is  due  on  that  score. 

The  primary  causes  of  engines  getting  off  the  rails  appear  to  be  overdriving, 
a  defective  road,  a  bad  joint,  or  a  badly  balanced  engine.  If,  in  consequence 
of  heavy  rains  or  other  unfavourable  circumstances,  any  part  of  the  road 
becomes  unsound,  the  engine  sinks  on  one  side  as  it  passes  along  such  part  of 
the  rail,  suddenly  rises  again,  and  is  thus  thrown  into  a  rocking  and  lateral 
oscillatory  motion,  with  more  or  less  of  violence  according  to  the  rate  of  speed ; 
and  a  very  similar  effect  is  produced  in  passing  at  high  speed,  from  one  curve 
to  another  of  different  curvature.  A  succession  of  strains  is  thus  thrown  upon 
the  rails,  and  if,  before  the  rocking  subsides,  the  wheel  meets  with  a  defective 
chair  or  rail,  which  yields  to  the  impulse,  the  engine  and  train  are  thrown  off 
as  a  necessary  consequence;  but  such  casualties,  as  far  as  we  can  see,  are 
equally  liable  to  happen  to  both  gauges. 

Several  differences  in  the  construction  of  the  broad  and  narrow  gauge  engines, 
with  regard  to  their  proportions  and  adjustments  of  the  weight,  have  been  sup- 
posed to  operate  as  a  cause  of  their  running  off*  the  line.  These  points  have  been 
mvestigated  by  the  commissioners ;  but  they  sum  up  their  remarks  on  the  score 
of  safety  by  stating, — "  Upon  the  whole,  Uierefore,  after  the  most  careful  con- 
sideration of  this  part  of  the  subject,  we  feel  bound  to  report,  that  as  regards 
the  safety  of  the  passenger,  no  preference  is  due' with  weltpropcrtioned  engines 
to  either  gauge,  except  perhaps  at  very  high  velocities,  where  we  think  a  pre- 
ference would  be  due  to  the  broad  gauge."    The  next  question  entertained  was, 

2.  The  relative  accommodation  and  convenience  for  Passengers  and  Goods  on 
each  Gauge. — The  first  class  carriages  of  the  broad  gauge  are  intended  to  carr 
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eight  pnuriigera  in  eitch  com  par  I  men  t,  and  tUe  tompartmcnto  arc  sonieliiiii-* 
divided  by  a  partition  and  inside  door.  On  tlie  naiTQW  Rsuge  lines,  the  tini  clius 
carnagei  are  usually  constnicled  to  cany  only  six  paiaengera  in  racli  compnrl- 
nient;  and  the  same  widtli  ia  allowed  for  each  pnuenger  in  botli  gaueeii. 
Until  recently  the  brand  gauge  carriagea  vrere  allogelher  more  commodious  than 
thoieon  the  naiTDW,  but  now  the  linl  class  carriage!  nn  the  nanti*  gange« 
poBiess  equal  comroodiouiness;  thfy  are  both  liighty  lo. 

In  the  aecond  class  cairiagci  on  the  broad  gnuge,  six  persons  tit  side  hy  side, 
each  carrii^e  being  capable  of  holding  72  passenger*.     On  the  narrow  gouge. 

enerally,  only  four  persons  ait  side  by  side,  ihe  total  number  la  each  cnrringe 
ine  32.     Theie  lost  are  the  most  comfortable  of  the  two. 

With  respect  to  the  eaie  of  the  carriage,  or  the  smoothness  of  motion,  Ibc 
evidence  taken  is  conflicting,  but  the  experience  of  the  commissionera  led  them 
to  consider,  that  at  the  higher  velocities,  the  motion  is  usually  smoother  on  the 
fa  rood  gauge. 

With  respect  to  Ibe  conveyiince  of  merchandise,  such  at  manufacluted  goods 
and  their  raw  materials;  mineral  products,  siicli  as  coal,  lime,  iron  and  other 
ores;  agricultural  produce,  such  as  com,  bnp5,  wool,  cattle  and  dniher;  the 
evidence  of  intelligent  persons  engaged  in  the  currying  business  has  been  taken, 
who  expressed  a  strong  opinion  that  the  smaller  is  far  the  most  convenient  and 
economical.  Another  advantage  of  the  Bmaller  waggons  ii  its  economy  in 
leaseuing  the  dead  weight,  where  full  loads  cannot  fae  obtained  at  the  stations. 
Here  the  dead  weight  would  be  greatly  increased  on  the  broad  gauge,  unless 
the  greater  commercial  evil  were  sustaiued  of  waiting  until  full  loads  were 
accumiJated.  For  the  foregoing  reasons,  the  commisaionen  decide  that  the 
narrow  gauge  is  the  most  convenient  for  the  merchandise  of  the  country. 

3.  On  Ok  gauge  bntadapttd  for  Speed.— To  ascertain  this,  the  lime  Iflbles  of 
the  several  companies  having  fast  or  express  trains  were  examined,  und  the 
Teturns  furnislied  by  those  companies  of  the  actual  speeds  attained  by  the 
express  trains,  during  30  successive  days  from  the  ISili  June  to  the  lilh  July 
1845.  The  commissioners  also  travelled  in  the  express  trains,  and  noted  (he 
speed,  mile  by  mile;  the  results  of  which  showed  that  the  average  speed  of 
the  Great  Western,  both  by  express  and  ordinary  trains,  exceeded  the  highest 
■peed  of  similar  trains  on  any  of  the  narrow  gauge  lines.  But  some  of  the 
latter  have  trains  which  exceed  the  speed  of  those  on  Ihe  recently  constructed 
lines  on  the  broad  gauge;  owing  to  Ihe  comparatively  unfavourable  gradients 
•nd  curves.  Theseremarks  apply  to  the  Bristol  and  Gloucester,  and  the  Swindon 
■nd  Gloucester.  The  inclination  and  curves  on  the  Great  Western  betwcrii 
London  and  Bristol  are  particularly  favourable  for  high  velocities.  And  it  a 
worthy  of  remark  thai  in  some  portions  of  the  narrow  gat;ge  lines,  where  tlie 
gradients  and  curves  are  very  easy,  that  the  speed  attained  was  for  a  time  shove 
that  on  the  Great  Western.  The  difference  of  effect,  according  to  the  nature 
of  the  gradients,  is  shown  in  a  very  strong  light  by  a  comjiarison  of  the  time 
occupied  in  passing  over  different  portions  of  the  Great  Western  linf.  Tlie 
speed. from  Faddington  to  Didcot  by  Ihe  express  train  is  471  miles  per  hovr; 
from  Didcot  (a  Swindon  it  ia  41.1 ;  from  Swindon  to  Gloucester  only  31.  7; 
from  Swindon  to  Bath  48.  2;  but  returning  only  37.  2;  from  Bristol  to  Taunton, 
the  s^eed  is  46.  3 ;  and  from  Tatuiton  to  Eieter  only  39.  2. 

tt  ts  staled  that  the  locomutive  engines  on  the  Great  Western  line  have  nut 
been  altered  from  Ihe  opening  of  the  railway,  (which  was  designed  on  the 
broad  gauge  in  order  to  obtain  higher  velocities  with  equal  safety,)  while  tlie 
recently  increased  speed  on  Ihe  narrow  gauge  lines  has  been  acquired  by  the 
introducdon  of  new  engines  of  greater  power;  and  the  commissioners  seem  to 
think  that  they  are  now  as  powerful  as  they  can  probably  he  made  on  ihenurrow 
gauge ;  but  that  the  broad  gauge  lines  have  still  the  means  of  augmenting  the 
power,  and  hence  the  velocity  of  their  engines,  within  the  limits  of  the  slabllity 
of  roads,  to  bear  such  incR^ased  neigfat  and  motion.  Since  the  introduction  of 
express  trams,  the  accidents  arising  from  nmoine  off  the  line  have  been  indeed 
more  numerous  within  the  last  seven  monihs,  than  within  the  five  preceding 
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jeut;  and  il  is  quesdunable  wheihet  Uiia  coolest  for  ipeed  ouglit  to  be  carried 
to  any  greater  leng  lb- 
It  i>  the  opiDiDO  of  several  engineers,  that  it  a  the  tlabiliiy  of  the  road,  and 
not  the  power  of  ibe  engine,  that  will  prescribe  the  Ibniu  of  lafe  ipecd. 

"  On  ibe  firat  introJuction  of  puseiiger  railway*,  ipecda  of  about  12  milei 
per  hour  only  were  anticipated ;"  (which  ia  difficult  of  comprehenaion,  aeebe 
that  ateam  locomotives  on  the  coninionroaii  went  biter,)  the  rail*  then  emplajed 
weighed  only  35lb>  per  yard,  and  tbe  enginei  6  or  7  toiu.  As  loon  aa  the 
speeds  of  20  and  24  miles  were  attained,  ibey  found  it  expedient  to  increaie 
the  rails  to  SOIbs  per  yard,  and  llie  enginei  to  10  and  13  tons.  Since  that  time 
the  weight!  of  the  rails  have  been  progressively  increaied  from  G5  to  SSIbi  per 
yard,  and  the  ordinary  engines  on  tbe  bruad  gauge  to  22  tons  :  while  those  oD 
tbe  narrow  are  only  2  or  3  tons  leas,  and  aame  few  more ;  one  even  of  30  tons, 
on  six  wheels.  Tbia  increased  weight  has  been  chiefly  obtained  by  lengthen- 
ing the  boiler  (augmenting  thereby  tbe  evaporating  auibce),  and  fixing  the 
engine  cyllndcn  on  the  outajdc.  In  such  engines  as  have  by  this  elongation 
been  made  to  overhang  the  fare  and  hind  axles  conaidentbly,  the  position  of 
the  outside  cylinders  bavG  had,  it  ts  said,  a  tendency  to  produce  an  irregular 
or  rocking  motion ;  causing  them  to  be  leas  aafe  at  high  velocities.  Mr.  Stephen- 
son admits  tbe  exiatence  of  this  defect  in  some  recent  engines,  but  attributes 
it  to  merely  tbe  weight  of  the  piston,  which  he  proposed  to  counteract  by  an 
eqnipoise- 

Tbe  commissioners  are,  however,  of  opinion,  that  this  great  length  of  engbe 
ia  not  easentiol  to  the  attainment  of  high  velocities  on  the  narrow  gauge  lines. 
They  timed  the  express  trains  on  four  diSerent  journeys  on  the  South  Western 
line,  in  both  directions ;  that  the  whole  distance  was  pcifonned  very  satisfactorily 
in  about  1  hour  and  92  minutes,  including  the  time  of  atoppagn,  being  at  an 
average  of  41  miles  per  hoar,  on  a  line  which,  in  one  direction,  rises  for  uletigth 
of  more  than  40  miles  on  a  very  prevailing  gradient  of  1  in  330;  and  in  the 
oilier  rises  for  several  miles  on  a  gradient  of  1  in  250.  On  each  occasion  a 
distance  of  £ve  miles,  on  a  level  part  of  the  road,  was  passed  at  the  rate  of  53 
miles  per  hour.  The  lengtli  of  the  engine  boiler  was  only  tift.  7  inches,  tbe 
driving  wheels  6 11.  6  inches  in  diameter;  the  leading  wheels  had  both  iusida 
and  outside  bearings.  The  diameter  of  the  cylinder  iu  one  cose  was  15  inches, 
in  tbe  others  14^  inches,  both  out.side,  and  attached  to  the  smolce  box. 

Id  proceeding  to  compare  the  locomotive  engiuM,  the  eomminionen  remark 
that  the  boiler*  of  the  narrow  gauge  have  •  imaller  power  of  evaporttioa  than 
thoae  on  the  broad  gauge ;  and  that  whoterer  may  M  the  attempte  to  aDniieBt 
that  power,  it  is  clear  that  thej  may,  b  tbii  mpee^  be  snqnntnl  on  thebraad 


neaily  obtained  that  speed  and  power  which  it  would  ba  jiutifiaUe  to  employ, 
in  refarence  lo  the  prcKDt  itrength  of  the  rails  and  the  firmnesa  of  the 
earthwork*. 

The  diameter  of  the  driving  wheel*  of  the  brood  gauge  engine*  exceeds  that 
of  the  drivinB  wheels  of  the  narrow  gauge  anginea,  which  circnmstaoce  is 
nn questionably  favoiinble  to  high  ipe«d;  because  tbe  tteani  is  used  to  greater 
advantage,  andbeeause  the  altematiDgshocktapon  the  machinery  are  leesrapid. 
The  eommissionen  think,  however,  that  at  the  speed  of  40  miles  an  hour,  the 
difference  between  the  two  engines  may  be  trifling,  but  that  at  speeds  of  50 


0  miles  an  hour.  It  may  ha  worthy  of  notice.  It  become*  important  then  to 
iquire  what  may  be  the  greatest  desirable  speed  to  be  maintained  on  railwavs 
for  ordinary  putpoae*.     Xne  wiihea  of  the  public  will  he  limited  only  by  ci 


sideratioot  of  economy  and  aofe^.  The  greater  the  •P«<<1  the  greater  will  be 
the  co«t;  and  it  ia  generally  believed  that  it  will  be  difficiUt  to  maintain  the 
present  express  speed  on  the  great  tnink  railway*.    The  chief  tmpedimanle 

lit.  The  diffienlly  of  enlirclj  protecting  the  fut  train*  from  interfering  witk 
or  coming  into  colliuon  with  the  tlow  train*. 

2d.  The  diSculty  of  eeeing  ngnals,  especially  in  toggy  weather,  in  time  to 
•aaUa  the  engun  driven  to  slop  tbe  bit  trains. 
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4ih.  Thertlnlivt  Economy  of  the  iifftrrntgavgfi. — Ititheftnica 
railway,  the  narrower  the  gauge,  the  smaller  will  be  the  coat  of  the  worbl, 
Tbia  appliet  to  tunneli,  bridges,  vinducli,  embank  men  la,  cultingi,  aheds,  work- 
shops,  lurnlablea,  Iraoaierae  sleepers,  aod  ballast,  and  the  purchase  of  luid; 
but  it  does  not  ofTect  the  raila,  feiicea,  draioa,  and  ttaliun-houiea.  The  exact 
difivrence,  howeTer,  must  depend  in  a  great  degree  upon  local  cjrctunstjincri. 

Aa  to  the  coat  of  the  maintenance  of  nay,  tliat  of  iba  broad  gauge  mtist  be 
rather  the  greater  of  the  (wo. 

The  coal  of  the  enginea  aiud  corrjing  alock  is  generally  more  expensive  on 
the  broad  than  on  the  narrow  gauge.  But  it  is  asserted  by  the  advocates  of  Ihc 
broad  gauge,  that  as  the  engines  will  draw  greater  louds,  the  work  can  be  done 
at  a  less  charge  per  ton;  and  tbat  a  compensation  is  thus  obtained  for  the 
increased  outlay.  How  far  this  is  practically  the  coae  is  the  next  subject  for 
inquiry. 

The  average  weight  of  a  passenger  trun  on  the  Great  Weatem  railnay 
(independent  of  the  engine  and  tender,  which  weigh  33  tona)  appears  to  be  S7 
tons;  and  the  average  number  of  paiaengera  per  train  for  the  baif-ycar  ending 
the  30th  of  June,  IS45,  ia  only  47.2,  whose  weight,  including  their  luggage, 
may  be  estimated  at  about  5  tons. 

Mr.  Gooch,  the  locomotive  superintendent  on  the  Great  Western,  estimatet 
each  carriage  and  its  paasengen  on  the  broad  gauge  to  weigh  at)Oiit  9}  Ions, 
and  therefore  tliere  would  be  seven  carriages  to  make  up  the  67  tuna  above 
ipecified.  The  most  commodious  carriages  on  the  narrow  gauge  linea,  such  as 
ttioie  on  ibe  Southwestern,  weigh  Icm  than  5  tona;  aeveu  such  carriages 
would  therefore  weigh  about  34  toni,  and  being  capable  of  containing  126  fint- 
clais  paaaengers,  weighing,  with  their  luggage,  12J  tona,  the  total  load  would  be 
only  40}  tons.  Now  ne  find,  that  even  with  a  traffic  na  large  as  that  of  the 
London  and  Birmingham  railway,  the  average  per  train  would  only  be  84.9 
paaaengers,  weighing  about  8  tona;  ao  that,  under  the  supposition  of  a  traffic 
of  this  extent,  the  load  of  the  aevcn  narrow  gauge  carriagci  ao  occupied  would 
odIt  be  42  tons. 

but  Mr.  Gooch  ealimates,  from  hia  own  experiments,  the  relative  powers  of 
traction  of  the  broad  gauge  enginea,  and  of  the  narrow  gauge  enjrines,  nf  iha 
South  Western  railway,  when  working  at  the  same  speed,  aa  2,067  to  l,3!t8. 
or  as  67  percent.,  and  the  load  of  the  broad  gauge  in  tons,  to  45  tuui,  which  wuold 
be  the  cotresponding  load  for  the  narrow  gauBe;ao  that  the  narrow  gauge 
engine  has  more  power  over  the  42  tons  it  would  have  to  draw,  than  llie  broad 
gauge  baa  over  its  average  toad  of  67  tons,  both  exduaive  of  the  weight  oftha 
engine  and  tender;  the  narrow  gauge  carriages  in  thia  supposition  bnng 
supposed  to  contain  84.9  paaaengers,  and  the  broad  gauge  only  47.2. 

It  is  obvious,  from  the  foregoing  statement,  that  the  narrow  gauge  engine 
of  the  class  we  have  been  considering,  has  more  power  over  the  seven  narrow 
gauge  carriagea,  and  a  toad  of  126  paaaengera,  tlian  the  broad  gauge  engine 
has  over  the  seven  broad  gauge  camsgei,  and  the  load  of  the  same  r"™'—  "' 
passengers;   and  that,  therefore,  if  the  Great  Weatem  bad   been 


.  itead  of  a  broad  gauge  line,  the  Sooth  Weatern  engines  would  liave  bad  the 
asuie  command  over  the  existing  passenger  traffic  of  the  Great  Weatem,  m  its 
own  engines  now  have  with  the  present  conatruction  of  that  railway. 

The  commiasiouers  conclude  their  investigation  of  this  question,  by  d«- 
termining  that  the  work  would  be  performed  at  about  the  tame  expense  for 
locomotive  power. 

Mr.  Gooch  has  asserted  tliat  the  Great  Western  company  work  Iheir 
pataenger  trains  at  half  the  expense  per  ton,  at  which  the  London  and 
Birmingham  company  work  tlieir  passenger  trains.  The  fact  is,  however,  that 
Mr.  Gooch's  calculations  refer  to  the  groti,  and  not  to  the  net  loads ;  and, 
therefore,  the  comparison  is  not  applicable,  ao  far  as  regards  the  pnifils  of 
these  companies,  and  afTorda  no  proof  of  economy  in  working  the  povenger 
traffic  on  the  Great  Weatern  at' stem. 

In  the  case  of  "  goods  traffic,"  the  circumstances  are  not  the  same ;  railway 
conveyance  for  merchandise  seems  only  lo  be  required  a  lei     ' 
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i»y,  Biid  till.-  Iraitii  ire  genersUy  large.  Tlie  "  through  "  naggoni  have  fur 
tlie  nioit  pan  a  full  lokd,  and  the  diaproportian  hclween  the  groi^  and  nett 
weight  is  consequently  much  leu  than  in  the  poHenget  traim  ;  sllll,  however, 
it  frequently  happens  on  the  Londaa  aod  Bu-mingbam  railway,  thnt  waggoas 
are  fomrded  to  a  coniiderable  diilauce  to  "  road  side  stations  "  cuntaiuing 
not  more  than  a  ton  of  goods;  which  miut  happen  un  any  long  line  of  railway. 
The  same  occurs  also  m  waggons  coming  in  from  broncbea  along  the  tnuk 
line,  and  in  all  such  cases,  the  heavy  large  waggon  of  the  broad  gauge  must  be 
diiadTantageous  ;  but  although  the  evil  is  nut  so  gnat  with  goods  waggons  of 
the  broad  gauge  ai  with  their  passenger  carriages  ;  still  the  loas  by  dead  weijjht 
ti  greater  with  these  than  by  the  smaller  wagons,  and  we  do  not  perceiieany 
advantage  in  the  broad  gauge  to  countBrbalance  it ;  for  where  speed  is  not  in 
object,  we  believe  that  coginea  of  nearly  the  same  tractive  power  ara  to  be 
found  on  many  narrow  gauge  lines,  as  those  in  use  on  the  broad  gauge. 

Thus  for  the  question  has  been  considered  with  reference  to  the  railvays  as 
tbey  now  exist,  and  composed  in  a  great  tniiasure  of  trunk  lines  of  coniiderable 
traffic;  but  the  railways  to  he  made  in  future  will  in  some  degree  be  branches, 
or  lines,  in  district*  having  leu  iratlic  than  is  to  be  provided  for  in  the  existing 
railways;  and  hence,  if  for  the  greater  trunk  lines  a  superiority  were  due  to  the 
broad  gauge  system,  that  raperiority  would  be  leas  for  lines  yetto be  constructed, 
of  a  smaller  amount  of  traffic;  and  necesaaril)-,  if  the  preference  were  given  to 
the  narrow  gauge  for  the  existing  lines,  that  system  would  be  still  more  enlilled 
to  the  preference  foe  the  railways  of  smaller  traffic  to  which  we  look  forward. 

Towards  the  close  of  this  inquiry  Mr.  Brunei  requested,  on  the  part  of  the 
broad  gauge  companies,  to  institute  a  set  of  enierimenta  to  teat  the  power  of 
tbeir  engines ;  and  Mr.  Bidder,  on  the  part  of  the  asiratr  gauge  companies, 
undertook,  in  consequence  of  such  applicatioo,  to  make  corresponding 
experiments  on  the  narrow  gauge.  After  sanctioning  these  triali,  nnd  being 
present  at  the  perjbrmonce  of  them,  we  may  ubserve,  without  entering  into  a 
minute  detail  of  the  results,  that  they  proved  the  broad  gauge  ei^gines  to  possess 
greater  capabtlitin  for  speed,  with  equal  loads,  and  generally  speakmg,  of 
propelling  greater  loads  with  equal  speed:  and  moreover  that  tbe  working  of 
such  engines  is  economical  where  very  high  speeds  are  required ;  or  wlicra  Ibe 
loads  to  be  conveyed  are  such  as  (o  require  the  full  power  of  the  engine.  ■  "  " 

"  After  a  full  coneideralion  of  all  the  circumsUncea  that  have  come  before  us, 
Kid  «f  tbe  dedtMtions  we  have  made  from  tha  erideucc,  we  ara  lad  to  conctuda— 

"lit.  That  a>  ranrds  the  sq/'dgr,  aecanunodatioB,  and  convenience  of  the 
pMsengen,  no  ddodtd  prtfermee  it  due  to  eilktrgauft,  but  that  on  tbe  broad 
gauge  the  motion  is  genetmlly  mora  ea^  at  bigh  Teiodde*. 

*'2d.  That  in  rtfpeelof  Mwd^  we  consider  tU  othmHlaja  art  wM  tii  broad 
gmige,  but  we  tblak  tbe  pnblic  niety  would  ba  endannrad  in  employing  the 
grcMsr  ctpabililieB  of  the  broad  gauge  much  beyond  tour  present  nae,  azeept 
on  roads  more  coaaolidated  and  mora  substantially  and  perftetlf  tiirmed  than 
thoae  of  the  existing  lines. 

"Sd.  That  in  the  commercial  caM  of  the  tramporl  qf  oa»Ji,  tPt  btlirei  At 
Kommgmgt  to  poBNSi  the  greater  eonvMiienM^  and  to  6s  wort  mittd  to  lAt 
ftaeral  trvffle  of  the  country 

"  1th.  TAat  the  broad gauyt  meohti  the  grtaltr  ouliag,  and  tbal  we  have  not 
htea  able  toditcover  eithn*  in  tbe  maintenaiiee  of  wtiy,  in  tbe  oott  of  locomotive 

rer,  or  in  tbe  other  annual  expeoes^  any  adequate  reduction  to  compensate 
the  additioml  fitit  coat." 
Tlweammiisioners,  esteeming  the  importance  nf  the  Ugfaeet  speed  for  ezpresi 
tiaint  ai  being  of  far  leas  moment  than  affording  increased  convenimee  to  the 

Eneral  traffic  of  the  country,  eoniider  that  tbe  narrow  gauge  should  be  prt- 
Ted  for  general  convenience;   and  if  uniformity  ibould  be  required  tbey 
imend  that  unifbnnity  to  be  produced  by  an  alteration  of  tbe  broad  to  the 


narrow  gauge  ;  especially  as  the  extent  of  the  former  ia  at  present  only  274 
miln,  while  that  of  the  latter  is  1901  milea ;  and  ai  the  alleratiDn  of  tbe  fimner 

even  if  of 

operation. 


to  the  latter,  even  if  of  eqnal  length,  would  be  the  leai  costly  aa  well  a* 
hM  ffiffletdl  operation. 
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TheywUli,'"'""".''''''"  be  understood  loB»prHM»D  opinion  that  the^iig« 
of  4ft  S^b.  u  in  all  ratppcti  ihe  beat  suited  for  the  general  purpose*  of  tlie 
eountrr.  Some  enKineen  have  recommended  5  feel  ai  the  beat  dimeniion; 
othenhave  niggeitedSft.Sin.,  5ft.  6in.,  and  even  6H.,  but  none  so  much  as  7  fnt, 
eiecpt  tfaoae  whoarc  intemted  in  the  bruad  gauge  Unci.  Aeain,some  eminent 
engineer)  contend  that  a  4ft.  8)  gauge  gives  ample  apace  &r  alJ  the  railway 
requirements,  and  recommend  no  change  to  be  made  in  the  gauge.  The  Elastern 
Countiea  railway  vas  originally  conalructed  on  a  gauge  of  5  feet,  and  haaiince 
been  converted  into  a  gauge  of  4fL  6|in.  to  avoid  a  break  of  gauge;  and  il  has 
been  stated  Ihnt  aome  Tinea  in  Scotland,  originally  on  the  gauge  of  Uli.  Sin.  are 
about  to  be  altered  to  4rL  SJin.  for  the  same  reaaon.  *  ■  ■ 

Under  the  preaent  alate  of  tbingi,  we  see  no  aufficient  reason  to  recommend 
tlie  adoption  of  any  gauge  intermediate  between  the  narrow  g^ixge  of  4fl.  8} 
and  the  broad  gauge  of  7  feet :  and  we  are  particularly  ilnick  by  the  circum- 
atince,  Ihat  almost  all  [he  continental  railways  have  been  formed  upon  the  4fL 
81  gauge,  the  greater  number  having  been  undertaken  al^er  a  long  experience 
of  both  the  broad  and  the  narrow  in  thta  country ;  nor  must  tbe  fact  be  lost 
■ight  of.  that  some  of  these  railways  have  been  planned  and  construcluil  by 
English  engineers,  and  amongst  that  number  we  find  Mr.  Brunei,  the  original 
projector  of  the  broad  gauge.  Mr.  Brunei  was  also  the  engineer  of  the  Melthyr 
Fydoil  and  Cardiff  line,  which  ia  on  the  4/1.  8}  gauge;  and  we  think  that  the 
motives  which  led  to  hia  adoption  of  the  narrow  gauge  in  that  instance  would 
equally  apply  to  many  Knglish  lines. 

We  ate  aenaible  of  the  importance,  in  ordinary  dreumalancw,  of  leaving 
commercial  enterprise,  ai  well  as  the  genius  of  scientific  men,  unfettered;  we 
therefore  feel  that  the  resttjction  of  the  gauge  ia  a  measure  that  should  not  be 
lightly  enterbuned  ;  and  we  are  willing  to  admit,  were  it  not  for  the  great  evil 
that  must  inevitably  be  experienced  when  lines  of  unequal  gauges  come  into 
contact,  that  varying  gradients,  curve*,  and  traffic,  might  justify  some  difference 
in  the  breadth  of  gauge.  This  appears  to  be  the  view  which  Mr.  Brunei 
originally  took  of  the  subject;  for  the  Great  Western  proper  it  a  line  of 
UDuaually  good  gradients,  on  which  a  larger  paaaenger  tmmc  was  anticipated  ; 
and  aa  it  touched  but  slightly  on  any  mineral  district,  it  embraced  all  tbe  con- 
veniences and  advantages  of  the  broad  gauge  system,  and  was  comporatirely 
free  from  the  Influence  of  those  detects  on  which  we  have  eommenled ;  btit 
such  a  breadth  of  gauge,  however  applicable  it  may  have  been  considered  to  ita 
piu'llcular  district,  appears  ill  suited  to  the  requirements  of  many  of  our 
northern  and  midland  Jines. 

In  reference  to  the  branches  already  in  connexion  with  the  Great  Western 
railway,  we  may  obaerve,  that  tile  greateat  average  train  on  the  Oxford  branch 
fortwo  weeks  in  July  and  Ocluher  «aa  only  48  tons;  on  the  Cheileuham  branch 
it  did  not  exceed  46;  between  Briatoland  Exeter  53;  and  between  Swindon  and 
Bristol  il  was  under  60  Ions.  With  auch  a  limited  traffic  the  power  of  the 
broad  gauge  engine  seems  beyond  the  requirements  of  those  districts. 

From  an  estimate  furnished  to  us,  and  the  general  grounds  of  which  we  sec 
no  reason  to  dispate,  we  find  that  the  expense  of  altering  the  existing  broad 
gauge  to  narrow  gauge  lines,  including  the  alteration  or  substitution  of  loco- 
motives, and  canying  stock,  would  not  much  exceed  £1,000,000  j  yet  weuelther 
(ttl  Ihnt  we  can  recommend  tbe  legislature  to  sanction  such  an  expense  from 
the  public  monies,  nor  do  we  tbiuk  that  the  companies  to  which  tlie  broad  gauge 
railways  belong  can  be  called  upon  to  incur  such  an  expense  themselves  (liaviag 
mode  all  their  worka  with  the  authority  nf  Parliament),  nor  even  tbe  more 
limited  expense  of  laying  down  iiilermediate  rails  for  narrow  gauge  traffic 
Still  less  can  we  propose,  for  any  advantage  that  haa  been  suggested,  the 
■Iteration  of  the  whole  of  the  railways  of  Great  Britain,  with  their  carrying 
stock  and  engines,  to  aome  intermediate  gauge.  Tbe  outlay  in  this  case  would 
be  vastly  more  considerable  than  the  sum  above  mentioned;  and  the  evil, 
inconvenience,  and  danger  to  the  traveller,  and  the  interruption  to  the  whole 
traffic  of  the  country  for  a  considerable  period,  and  almost  at  one  and  the  same 
(line,  would  be  such,  that  this  change  cannot  be  seriously  entertained.     Guided 
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fcy  llie  foregoing  considerations,  the  coramiMioner*  tubmit  the  following 
recommendalioiii  tu  the  tegiitnture; — 

IsL  That  the  gauge  of  ifi.  S^in.  be  /Uclared  by  lAr  Legittature  to  bt  the 
gauge  to  be  uttd  ia  aUputlic  raUiayt  now  under  eomlmetion,  or  hereafter  to  be 
coiutructed,  in  Great  Brilain. 

2d.  That  unleit  by  the  eoruent  of  the  Leg'ulature,  it  ihould  not  be  pemilltd 
to  the  direelon  of  any  raiimay  company  to  alter  the  gauge  of  lach  raibray. 

3d.  Thai  in  order  to  romplele  the  general  chain  of  narrow  gauge  canmuni- 
eatioH  from  the  north  of  England  lo  the  louthem  coatt,  any  luilabU  meaiare 
ihould  be  promoted  to  fom  a  nairom  gauge  link  from  Oxford  to  Reading  and 
thence  to  Batingitoke,  or  by  any  ihorttr  route  connecting  the  propoied  Rugby 
and  Oxford  line  with  the  South  iVtilern  raUteay. 

i\h.  Thai  at  any  junction  to  bt  formed  with  a  broad  gauge  line  would  inBoloe 
a  break  of  gauge,  provided  our  firtt  reeommendalioa  be  adopted,  great  commer- 
cial  eoBBcaienee  would  be  obtained  by  reducing  the  gauge  of  the  prrient  broad 
gauge  linet,  to  the  narrow  gauge  of  ift.  S)in.  and  we  therefore  think  it 
detirable  that  tome  equitable  meant  ihould  be  found  of  producing  nick  entire 
uniformity  of  gauge,  or  of  adopting  luch  other  coarie  at  would  admit  nf  the 
narroBjgaagt  carriages  patting,  without  iiUirruption  or  danger,  atony  the  broad 


ig  Bolt. — To  aroid  the  inpediinent  that  b  likely  ta  

■Bj  from  iDow  or  ie«  upon  nilwayi,  Mr.  Grime,  of  Bury,  hai  propowd,  tindm  a 
patent  lisht,  dated  the  21it  February,  1S31,  to  diHolve  the  lame  by.makii^ 
11m  nuU  Dollow,  and  caiuiug  hot  water,  iteam,  or  hot  air,  to  pan  throngh  theto, 
•OBI  to  keep  tben  at  a  temperataraabon  the  fraenng  point.  For  thii  pnipoM 
boilm  an  to  b«  erected  by  the  aide  of  the  railroad,  at  aiitaoeeaof  twoor  tnree 
milea  from  eath  other.  One  of  theee  boilne  beiiig  eo^lied  with  water,  and 
keat  applied,  die  water  Ii  liweed,  br  the  praMura  of  ileam  on  ilerar&c^  through 
■^pe  eommunieatiiig  with  the  hiJlow  rut,  and  reaching  neatly  to  the  botton 
of  IM  boiler,  and  along  the  railway,  till  it  ecaeaalo  giro  cat  ■  dttSdeiit  qnan- 
ti^  of  beat  lo  melt  the  anow  or  ice  which  may  lodge  on  the  rail*,  when  the 
water  ia  receired  into  another  boiler  by  meani  of  a  feeding  veaael  placed  over 
it.  Thia  feeding  Teseel  ii  connected  with  the  boiler  bj  two  inpei, — the  one 
descending  from  ita  bottom  to  veij  nearly  the  bottom  of  the  boiler,  to  form  a 
water  conunonicatioD,  and  the  other  from  it*  top  to  the  top  of  the  boiler,  to 
form  a  sleam  communication.  Each  of  theee  oomaumiaationi  ii  prorided  with 
a  atop-cock  and  le«en,  boih  of  which,  aa  well  at  one  from  a  cock  on  the 
ipe  which  lupplie*  the  feeding  venel,  are  eoonected  with  a  float  in  the  hauler. 


C'P  ..  .  . 

y  means  of  a  wire  paaung  through  a  itulBng-bax,  in  a  manner  tiniilar  to  that 
in  Bng.  Ency.  Vol.  I.  p.  21G,  where  the  float  deecende  by  the  eecape  of  wi 
through  the  exit  pipe  into  the  rail* :  the  iteam  and  water  communication  G 
the  fading  Teaaef  to  the  hoiler  aie  thereby  opened,  while  ^le  lujmly  pipe  to 
feeding  veaMl  ii  cloied,  wlieo  the  water  contained  therein  ii  forced,  by 


preMure  of  aleam  on  iu  lurface,  into  the  boiler,  till  the  float  ii  elevated  ao  aa 
to  cloie  the  eommnnicatioa  between  the  feeding  veaael  and  the  boiler,  and  to 
open  that  between  it  and  the  boUow  rail*,  for  Ue  admtuion  of  a  fresh  supply 
of  cooled  water. 

It  i*  elated  in  the  specification,  that  instead  of  the  hoUow  rails,  hot  water 
pipea  tnay  be  laid  along  the  line  of  road,  in  contact  with  rails  of  the  usual  con- 
■tmclion.  The  lengths  of  hollow  rail  are  connected  together  by  pieces  of 
copper  pipes  fitting  accurately  into  the  ends  of  the  piece*  of  hollon  ratli,  whieh 
they  OQite,  leaving  a  space  between  them  sufficient  to  allow  of  their  etpansion 
by  the  increased  tempetature. ' 

For  the  purpose  of  cleansing  the  rails  from  snoi^  grease,  or  sand,  while  the 
engine  is  travelling  thereon,  Mr.  Melltng  applies  small  jet  pipes,  whieh  hang 
immediately  over  the  centre  of  each  tail,  and  through  tbese  pipes,  hy  mean*  tt 
a  swivel  cock,  connected  with  the  boiler,  either  steam,  or  hot  water  and  steam, 
may  be  at  any  time  blown,  so  aa  to  make  the  rails  perfectly  dear  and  dry,  which 
(in  snowy  or  frosty  weather,  or  at  the  station  ends  of  the  rails,  where  they  are 
always  peasy)  will  be  found  lo  prevent  the  slipping  eBect  of  the  wheelsj 
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ttpedMy  when  Med  in  combinatiaD  widi  tbt  pitentec'i  improved  mode  of 
coupling,  described  at  pnge  452. 

Water  Cramt. — The  mechuiiam  for  raj^ljiDg  the  tender*  of  locomotire 
engine*  witb  water,  neccnarily  difien  according  to  ili  lituatioD,  the  poeilion  of 
the  Murce  whence  the  water  ia  derived,  and  other  circumstancei ;  but  the 
arrangenient  luoallj  coniiati  of  a  ciitem  elevated  about  10  or  12  feet  above  the 
railvaj,  troin  which  the  water  flowi  into  what  ii  termed  a  water  crane,  the  head 
m  neck  of  which  turn*  on  a  pivot,  and  penniti  ibe  water  to  be  directly 
dinhargrd  b^  tha  opening  of  a  valve  or  cock,  into  the  reserroir  of  the  lender. 
In  the  fdlowiag  cut,  Fig.  1,  ii  given  an  elevation  of  a  water  crane,  with  on  iiO' 
proved  valve  applied  thereto  hj  Hr.  Underhay,  and  for  which  he  hai  taken  out 
a  palenL  The  azternal  form  of  tbi>  portion  of  the  water  crane  ii  ibown  at  i; 
but  in  order  that  it  maj  be  bettor  explained  and  understood  we  have  ahown 
thia  new  "  Cam-valve  coek  "  (a>  the  inventor  tsmu  it)  in  leetiDn,  on  a  larger 
aetltbj  Fig.2,     At  a  ia  the  valve-hox;  6  the  inlet  pipe;  etbe  outlet  pipe; 


/toe  valtc,  ff  the  tpindle  which  woHu  Ihrouch  tha :  „ 

''    ~  "    'o  itt  cam,  which  ia  cut  away  on  both  lidea  and  through  to  the 


...  „  „  box  ihovn ;  h  i« 

ahowD,  and  an  arched  piece  *  ii  left  atandiog  out  fixim  the  cen^  (when  viewed 

lie),  with  an  open  apace  between  it  and  the  bodj  of  the  cam.     The  valve 

— J —  0^^  upper  end  of  it,  the  two  che^  of  which  cany 


a  cleft  n 
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a  crosa  pin  I.  The  arched  piece  i  of  Ihe  cam  ia  iaserted  in  this  ded  behind 
the  cross  pin  (,  ao  ihal  when  the  cam  handle  a  brought  down  into  the  position 
■hown,  the  cam  acti  upon  the  BpindJe  and  cJoiei  the  vaire  irith  an  inteDtily  of 
force,  insuring  Ihc  contact  of  the  opposite  surfaces  bj  merely  the  oeightoi  Ihe 


lerer  handle.     To 


open  It 


-r       -  -    — , ieonly  reqjiisite  tolift  the  handl«. 

The  timplicity  of  construction  of  this  valve  apparatus,  and  the  esse  andcerUinty 
ofiu  operation,  render  it  avery  desireble  sppeodage  to  railway  water  cranea. 

Curt'u'i  Traveriing  Jack. — The  accompanying  figures  represent  Curtii's 
"  Tnieninf;  (crsw  jack  "  for  replacing  an  engine  or  carriagea  upon  the  rail. 

The  screw  jack  a  19  bolted  to  the  plank  ej  at  the  Dlher  end  of  the  plank  is 
fixed  the  rack  ^,  in  which  the  toe  of  ibeslratadvanceiai  [heurewb  iselevil«d; 
the  stmt  works  in  a  joint  in  the  follower  i ;  the  position  of  the  strut  when  the 
■ciew  is  depressed  ii  shown  by  the  dolled  lines.    The  object  of  this  ttrot  ii  to 


lelieve  the  ■crew  of  the  Tiolant  eron  strain,  to  vhich  the  apparatn*  u  snlge^A 
when  the  engine  or  Mniajge  ts  polled  over  bj  the  lever,  which  strun  ia  cntMf 
transferred  to  the  stmt,  and  the  screw  has  mereW  to  canr  the  load. 

T^  operatiofi  of  Iranning  the  jack  is  as  follow* : — oy  booking  the  link  t 
tipon  A«Dookof  the  lenre,  the  toetf  the  lever  being  iuMrtedintaaratcb  of  the 
nek  R  (rf'  the  lower  jdutk,  a  man,  bearing  down  the  end  of  Ihe  lever,  itm  t\a 
•pparatni  and  engine  or  CMTtsge  towardi  him  with  grtmlfbcilitj:  the  stme  lerer 
is  naed  to  turn  the  screw  uid  to  prodoeo  the  traverM  notion.  By  this  app^ 
rattu  an  engine  of  16  tons  weight  bu  been  replaeed  upon  the  nili  in  five  minutes 
try  the  engineer  and  stoker  alone;  that  those  delays  which  are  the  Milqect  of 
somnch  annoyance  and.  loei  to  riulwaj  proprietor*  and  tfaepnbUc  need  not 
happen  in  fntnre.  The  apparatol  ii  -cxcMdinglj  portable  and  cheap,  and  no 
tiant  oi^itit  to  be  allowed  to  go  out  without  iti  b«ng  sent  along  with  it :  it  may 
be  carried  either  upon  the  lender,  or  upon  some  other  place  which  may  be 
•elected  for  it. 

COST  OF  RAII.WATB  PBR  MUX. 
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LOCOMOTIVE  ENGINES 


CARItlAGEa. 


HAVina  explained  ihe  varioua  Bmngenienti  of  the  railway  and  iu  tcccs- 
■orips,  we  tioir  proceed  to  describe  llie  conatructioD  of  the  aevernl  kitidl  of 
vehicles  which  tun  Ihereon. 

Since  (he  fint  introduction  of  raHwnyi  for  nnaieneef  traffic  by  locomotive 
engines,  tbal  is  to  say,  since  the  opening  of  (he  LivGqHwl  and  Maacheiter 
line,  the  efficiency  of  the  eneines  baa  been  greatly  ougmented ;  those  of  the 
present  day  tranaporting  much  heavier  toadi  at  a  greater  speed,  and  at  a  leM 
cost,  than  the  engines  of  15  veitTi  back.  This  is  owing  partly  lo  increased 
dimenaioiis  of  the  boilers,  and  the  steani  cylinders,  and  (omewhat  lo  that 
splendid  accuracy  of  workmanship  and  solidity  of  construction  which  tlie  keen 
rivalry  of  the  maauracturing  engineers  has  induced  them  to  put  forth  :  to  which 
may  be  added  many  improvements  in  the  details  of  the  m!ichinery ;  some 
tending  to  simplify  and  reduce  friction,  others  to  create  new  eRectj  and  ao 
increase  efficiency.  Nevertheless,  in  the  principal  combinatiana,  and  the  general 
features  of  the  whole  structure,  there  u  a  certain  similsnty,  which  while  it 
stteati  their  reistiunahip,  distinctly  shows  the  inlellectual  training  to  which 
they  have  been  aubmitted  by  the  mechanists  of  the  present  day. 

The  boiler  is  almost  universally  composed  of  a  vertical  comnartment  (aqitate 
or  cylindrical  in  its  horizontal  section),  containing  within  it  the  furnace,  (now 
designated  the  "fire-box,")  surrounded  by  water;  this  vertical  compartment 
opens  into  a  horixontal  cylindrical  chamber,  containing  the  greater  portion  of 
the  water,  which  is  heated  by  the  gasea  and  Barnes  proceeding  from  the  fire, 
through  an  extensive  series  of  small  tubes  of  thin  metal,  lying  horizontally  in 
parallel  straight  lines  throughout;  one  end  of  every  tube  being  open  to  the 
tire,  to  receive  the  heated  current,  and  the  other  end  opening  into  a  vertical 
"  smoke  box,"  at  the  other  extremity  of  the  horizontal  cylindrical  chamber. 
Into  this  smoke  box  i>  discharged  all  the  smoke  and  gaseous  products  of  the 
combustion,  which  escape  in  a  rapid  current,  excited  by  a  blast  produced  by  the 
escape  of  the  eduction  ateam  into  a  small  chimney,  erected  immediately  ovet 
iL  The  requisite  supply  of  fuel  for  the  journey,  and  of  woler  for  evaporation, 
is  carried  by  a  judiciously  contrived  machine  called  a  lender,  which  u  linked 
close  to  the  engine. 

The  princip^  diversities  in  the  conslmclipn  are  to  be  found  in  the  number 
and  position  of  the  wheels;  in  the  description  of  the  framing,  which  sometimes 
extends  outside  the  wheels,  and  sometimes  lies  within  them ;  and  in  the  poei- 
tlon  of  the  alcam  cylinders,  and  the  mode  of  connecting  them  with  the  shaft 
of  the  driving  wheels.  In  some  engines  the  steam  cylinders  are  placed  in  the 
smoke  box,  and  the  connecting  rods  traoamit  the  force  to  two  cranks,  forged 
at  right  angles  to  each  other,  near  the  middle  of  the  axle  of  the  driving  wheel* ; 
whilst  in  other  engines  the  steam  cylinder*  are  placed  outside  the  frame,  the 
driving  thaf^B  are  straight,  and  the  connecting  rods  are  attached  to  cranks  fixed 
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OD  each  end  or  ihe  thaft,  or  to  pins  in  the  boiHi  of  the  wheFls.  In  ilie  early 
pari  of  the  working  of  (he  Mam-hester  snd  Licerpoiil  Tailway,  ihe  lucumuiive 
engiaes  were  generally  conatruiTtpd  aith  ■  double  cranked  oxia  upon  the  too 
mair^wbeels  ^  the  cairiage;  which  wheeli  were  protided  with  flnugei  on  their 
peripheriei  to  keep  Ihe  engines  on  the  rails.  But  this  mode  of  oonBtructton 
vai  cooaidered  by  Mr.  Stephenaon  to  be  defective,  owing  to  the  liability  of  the 
crank  axii  becoming  (trained  or  broken  by  the  eiceniTe  friction  uf  the  flnngei 
■gainit  ihe  rails,  eapeciallj  in  making  deviation*  from  the  atraight  course.  Any 
lateral  bending  of  the  cranked  axle,  although  short  of  a  fracture,  will,  it  is 
endent,  by  puttinji  the  wbeeti  out  of  square,  produce  a  violent  surging  uiotiou 
of  the  engine,  and  render  a  fracture  of  the  axle,  or  the  running  of  the  engine 
off  the  rails,  extremely  probable.  Tu  provide  a  remedy  fur  such  ierioiii 
liabtlities,  Mr.  R.  Stephenson,  under  hia  patent  of  1833,  diveited  the  tires  of 
the  main  impelled  wheeU  of  their  Singet,  and  in  lieu  thereof,  employed  two 
■mall  additional  wheels  with  Ranges  behind  the  former.  These  addition^  wheeli 
were  appli^  beneath  the  fire-place  end  of  the  boiler,  for  keeping  the  engine 
sttmight  on  the  rails  in  its  progress  forward ;  and  the  axles  of  these  wheels  being 
straight,  and  consequently  strunger  than  the  cranked,  are  not  liable  to  be  broken 
or  ben^  ■■  ezpeiienee  baa  proved  with  napect  to  the  azsa  of  the  fore  wheels, 
which  remuned  unaltered. 

The  enginet  made  bj  Mr.  Slcphenaou  to  cany  out  tbeee  improvemmts  we 
shall  now  tin>ceed  to  deacribe  wiu  reference  to  tbo  annexed  cuts,  designed  tu 
OlnatrBte  the  same.  At  K  K  are  main  impelled  wheeb  od  the  ciuiked  axles, 
without  aiiT  projecting  Banget  m  the  tii^  which  run  on  the  edge  rail*  L.. 
M  H  are  the  addittonal  tmall  whtda  with  flangea,  arolied  beneath  the  Airaace 
end  of  dte  boiler;  and  O  are  the  ordinary  nnall  WMeb  wi '    ~ 


a  the  ordinary  nnall  WMeb  with  fianget  beneath 
'  I  woitiDg  ateam  cylindcn  are  '' 
I,  keep  the  engine  atTaigfat  i 
Bve  onlj  to  advance  the  engin<  . 
bear  a  d>s  proportioB  of  tbo  weight.    By  thb  wraagvineo^  therefore,  the 


the  dumoey  end  of  Ae  boiler,  where  the  wastiog  ateam  cylindcn  are  aitaated. 
He  smalt  wheeli  O  and  H  with  flaagea,  keep  the  engine  atraigfat  upon  the 
rail^  and  the  large  impelled  wheeb  K  have  onlj  to  advance  the  engine,  and  to 


tranked  axle  ia  liberated  irom  all  lateral  ttrun,  which  is  wholly  transferred 
to  the  aniaU  wheeU  with  flangea,  whidi,  having  atraight  axlei,  are  capable  of 
sustaining  it. 

It  H  often  of  esaential  importance  to  be  able  to  arrest  the  pngitm  at  m 
carriage  on  a  railway  with  grott  promptitude ;  and  Ihe  brcaka  i: 


I  prwRMdf  a 
B  or£ti«ry  uM 
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for  tl)i»  purpose  have  not  nlwByg  been  found  lufficicntly  poWnl.  A>  a  remedy 
forthii  inconfeniE'ncF,  Mr.  Robert  St«pbenBDn,  under  tlic  wme  patenl,  propous 
to  employ  ibe  force  of  tleani  actinp  upon  piiloni  or  plunfters  in  aniil]  cylinders; 
Ki  Ihat  vhen  it  ii  tequiied  to  itop  the  train  it  !■  only  necesurv  to  turn  ■  itnall 
cock,  whicb  atloiTB  tbe  steam  lo  flow  inslontaiieausly  thiough  a  pipe  into  tbe 
cylinder,  and  by  iU  pressure  on  the  piiton  i^ve  motion  to  a  syitem  oC  leiere. 
which  cauie  two  breaks  or  dog<  (□  be  forced  against  the  periplirriei  with  ^e«t 


nerey,  and  to  nrtesi  the  motion  of  the  vehicles  »ery  quickly.  These  ctogs  t 
breaki,  and  their  mode  of  action,  are  shown  in  the  side  ele<-atioa  on  the  prt 
ceding  page-  a  is  the  hollow  cylinder  into  which  a  plunder  is  litted,  to  art  bjr 


y,  «nd  an  upright  rod  /,  upon  the  two  brakes  d  d,  which  are  suspended 
EmI  EUtatku. 
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by  pendulous  links  ■  from  a  centre  pin  or  bolt  t,  fixed  to  the  frame.  Tlie  hreafci 
are  caused  lo  apply  lo  the  circumference  of  the  tires  of  the  wheels  K  and  M, 
by  meaiiB  of  linki,  which  are  interposed  between  the  two  break),  end  which 
links,  when  put  down  into  an  angle,  as  shown  in  the  figure,  lenre  the  breaks 
free  of  tlie  wlieels  K  and  M ;  but  when,  by  opening  the  cock  r,  the  sleatn  from 
the  boiler  is  admitted  through  tbe  pipe  b  b,  into  the  hollow  cylinder  a,  it  ratsvs 
up  the  plunger  therein  ;  and  the  latter,  by  its  lever  ji,  and  rod  f,  draws  up  the 
links  towariu  a  straight  line,  and  then  they  force  the  two  breaks  apart  from 
each  other,  againit  the  wheel*  K  and  M,  with  an  iacrcased  force  beyond  that 
which  the  plunger  exerts ;  thai  increase  of  force  being  in  consequenee  of  the 
leverage  al  y,  and  the  oblicjue  direction  of  the  links.  When  the  handle  of  the 
cock  c  is  turned  the  other  way,  it  allows  the  tteain  to  issue  through  an  upright 
spout,  and  escape  from  tlie  cylinders  into  the  open  air. 

The  following  letters  have  reference  to  the  other  ports  of  the  engine.  ,  At 
A  is  the  fire-box  1  ■  the  ush-grate;  j  is  the  boiler,  cylindrical  in  shape  through 
the  lower  part  of  the  trnnivcrae  sectional  area  of  which  are  passed  long;itudi- 
naltf  a  great  number  of  iraall  brass  tubes,  proceeding  Irom  the  furnace 
chamber,  which  serve  as  the  hoi-air  Hues,  and  conduct  tbe  same  into  the 
■mokt-boi  I.  at  tbe  other  end,  whence  the  gases  resulting  from  tbe  combu*- 
IJon  cf  the  fuel  ascend  llie  chimiiey  a  ;  ^  is  the  steam-head  ;  q  a  safety-valve  ; 
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hich  a  held  down  bj  the  eisatic 
lie ,  u  the  norkuig  geer;  v  <i  v 


CTU_^ 


r  anolliei  valve,  thf  exlremily  of  the  lever 
force  of  a  apmig  ateel-jacd  st  t .  t  is  h  ma 
the  sptingx ,  v  ur  the  iron  brackets  that  connect 
the  machmery  lo  the  itooden  Iranie  ;  <  the  fire' 
door ;    y   the   throttle-^ock,   provided    with     a 
lever  and  graduated  scale.     In  tbe  end  elevation 
it  vill  be  observed  that  the  aiea  of  the  ninning 
wheel*  M,    like    those    at    O,    are    atiaighl; 
the    form    of   the    ailea    to    the    wbeels    K, 
U    re)iresenleil     in     the      annexed    cut,     and 
they  are    forced    Wllb    great    care    from    the 
toughest  (jualily  of  iron,  and  arc   turned   and       , 
centered,  as  well  as  the  running  wheeb,  in  the    \~ 
lathe.  — 

Loconioti*«  niginet,  coiMtnicted  accordiog  to  the  dcKiiption  of  th«  fore- 

Cg,  Mr.  StephemoD  layi,  have  the  efiect  of  pTereoting  the  boilen  being 
it  ont  BO  soon  aa  nnia],  by  aUowbg  them  to  be  made  of  greater  munllnde 
and  itrenglb ;  the  additional  wheels  supporting  the  extra  weighL  The  bearing 
aptinei  are  used  for  the  extra  small  wheels,  the  same  ai  la  now  done  for  other 
wheeu  in  ordinary  engines;  tbe  eix  eprings  used  causing  all  the  ni  wheels  to 
apply  and  bear  fairly  on  the  lyils,  and  ease  all  Jolta  and  concuuiona;  the 
rdative  weights,  or  portions  of  tin  whola  weight  of^tha  engine,  which  ii  to  be 
home  by  each  of  the  aiz  wheels,  being  regulated  by  tbe  strength  and  setting  of 
their  reapectire  bearing  springs.  The  mam  wheeli,  which  are  impelled  by  the 
power  of  the  eodne,  are,  in  all  eaiei,  left  loaded  with  as  much  of  the  weight  of 
the  engine  as  wOl  cause  iu2icient  adbeaJOD  of  tboae  wheels  to  the  rails,  to  avoid 
alipping  thereon.  The  larger  the  entire  capacity  of  a  boiler  is,  the  more 
metallic  heating  surface  it  will  contain ;  and,  consequently,  render  unneceMuy 
that  intensity  of  beat  which  is  so  prejudicial  to  the  metal.  And  the  jet  of  eduction 
■team  wlJch  it  thrown  into  the  cnimney  to  produce  a  r»pid  draught  therein, 
may  be  greatly  diminished  in  its  velocity,  which  will  permit  the  eduction  ilaani 
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lo  ricipe  frum  the  working  cylinder!  vilh  greater  freedom  than  coald  be  prr- 
mitteJ  with  imaller  boilen,  wherein  a  greater  beat  and  a  more  rapid  generation 
of  (team  are  indispmiahle  to  fumiih  Uie  requisite  power. 

The  annexed  cut  exhibit!  snolher  fomi  of  Mr.  Stephenson'i  locomotive  engine, 
but  with  the  roregoing  improvement  added  thereto.  Theforen)ostwhetl«,etti]e 
chimaej  end  of  the  boiler,  are,  in  this,  however,  impelled  by  means  of  outside 
cranks  and  connecting  rods,  ai  well  as  the  two  middle  wheel*  K,  which  are  on 
the  cranked  axle ;  in  other  reipecU,  the  improvement  it  the  uime  a)  in  the 
other  engine.  The  breaks,  or  cli^  are,  of  coune,  applicable  to  this  or  any 
other  engine,  hut  they  are  left  out  in  this  Justaoce,  u  Ming  unnecessary  to  our 
illiutration. 


MrllMji'i  PaUnt  Coupungs  and  Break: — To  obviate  the  inconTenienre  and 
waste  ul  power  by  ihe  slipping  of  the  wheels  of  locomotives  on  railways, 
when  they  ate  in  a  wet  or  greasy  ilale,  Mr.  John  Melling,  of  Liverpool  (llie 
muiagei  of  the  locomotive  department  of  the  Manchester  and  Liverpool  rail* 
way,)  has  devoted  much  of  bis  attention.  In  the  apeciflcBtion  of  his  patent 
grunted  in  July,  1S37,  and  reported  in  Newton's  Jonmal  for  January,  1811, 
^whence  we  derive  the  following  accouol,)  heobserves: — 

"  My  improved  method  of  coupling  the  engine  wheels  is  effected  by  the  nppUca- 
tion  of  a  pair  of  friction  wheels  or  rollers,  of  any  suitable  diameter,  placed 
between  the  peripheriea  of  the  driving  wheels,  and  Ibc  running  wheels  of  Ihe 
locomotive  carriage.  ThiBas>islanceis,however,oi)lyrequired  in  those  instaneeg 
wht^re  llie  wti^'bl  upon  all  the  wbeels  is  not  uniform,  or  suflicienl  to  prevent 
some  of  them  clipping  upon  the  rails;  the  quantity  or  degree  of  friction  being 
readily  accommodated  to  circumstances,  and  Uie  connexion  or  coupline 
between  any  two  wheels,  whatever  their  respective  diamelan  may  be,  produced 
or  removed  at  pleasure.  This  contrivance  is  very  BdvBnla«eoUB  in  camparison 
with  the  ordinary  previous  mode  of  coupling,  because,  if  the  rails  be  di;  or 
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Uie  aiHipaiun  be  Ruflicient,  Lhc  anii-fKction  wbeel  couplmgi  may  be  liHed  off 
and  remain  unused,  while  the  ordinsiy  syitem  of  ouUideeranki  and  connecting 
Todi  must  alwayi  continue  warking,  and  thus,  at  certain  time),  anlj  act  as  an 
incumbrHnce.  Aun^er  important  feature  in  this  imprnved  mode  of  coupling 
the  wheels,  ii  (he  imootbneia  with  which  the  engine  works  when  the  cranki  ve 
pauiog  their  centres,  instead  of  being  subjected  to  the  sudden  blows  and  jeika 
which  occur  to  engines  coupled  in  lhc  ordinary  manner.  This  improTement  is 
effected  by  Iranimit^ag  a  cuniiderable  portion  of  the  weight  from  the  cranked  or 
driving  axle  to  the  Blraight  or  independent  axle,  which  entirely  prevents  the  tre- 
mulous lateral motionDiordinalylocomoliTe engines;  passing  over  inequalitiei in 
theBuifaceof  iheroad;  andlending  greatly  loprevent  the  dettruation  of  the  engine 
springs,  and  the  beating  of  the  raila,  usually  uttendant  upon  auch  occurrences. 

In  llic  subjoined  eagravingj  Fig.  1  represents  ■  side  elevation  of  a  locomotive 
engine,  in  which  the  before- me nlioned  improvemen!s  are  introduced,  and  aonie 
others  which  we  shall  describe  afterwards.  To  avoid  eonfusion,  many  bf  the 
ordinary  details  of  »  locomotive  engine  are  left  out  u  uuuecetury  to  our 
present  object 


At  a  ii  Ilia  fanpnxred  coupling  wheel,  in  itipropm  |Mdtiaii  for  caoneetitig  die 
driTine  wheeli  npon  the  crank  shaft,  with  the  running  wliMlt  upon  the  fon 
aicts  of  tlw  engine.  One  of  these  coupling  wheel*  or  t«llen  ii  placed  on  each 
tide  ot  the  engine,  and  bearing  upon  tiie  peiipbery  of  the  driving  and  running 
wfaeeli ;  ihey  are  impended  in  wrotwht  mn  leren  h,  the  fulcra  of  whieh  are 
«t  the  end  c,  and  the  other  endi  of  the**  leveta  uw  attached  to  piiton  rods  J, 
which  work  m  small  iteam  cylinder*  e  e,  which  have  a  itaain  eock  in  commoD, 
toadmit  the  steam  from  the  lioiler.  NowitwillbeMeli  that  when  it  n  neceasan 
to  couple  the  engine  wheels,  in  order  to  obtain  tnore  adhesion  upon  the  laiu 
and  prevent  the  slipping  of  the  eneine,  the  cock  ii  to  be  opened,  which  by 
lettmg  steam  into  the  tops  of  tbe  cylinders  causes  their  pistons  to  descend  end 
depress  the  levers,  which  forces  the  coupling  wheel  a  into  contact  with  the 
peripheries  of  the  driving  and  running  wheels  of  the  engine,  a 


Heam  ii  allowed  tc 


in  the  cylinder.  When  the  ci 


turning  the  iteam  ii 

piston*  and  leven,  and  consequenllir  lini  the  cc 

peripheries  of  tbe  driving  and  running  wheels. 

formed  with  a  groovB  in  their  peripheries,  wherein  the  fiange*  upon  the  tire  of 

the  carriage  wheels  run,  and  serves  to  keep  them  effectually  in  gear,  and  at  the 

same  time  prevent  the  distance  between  tbe  wheels  ever  becoming  too  namw 
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for  the  vridlh  of  the  rails,  in  the  event  of  the  vheeli  looaening  npon  their  axlei:, 
vhich  occurrence  hat  frequetitlif  thrann  thi!  engine  ofl*  the  line  of  railway. 
Thui  il  will  he  »een,lliat  the  wheeUoF  the  engine  may  be  coupled  and  uncoupled 
nt  an;  rate  of  speed  they  maybe  running,  and  without  difficulty  or  intemiption, 
vithout  any  restriction  oa  to  dimensionB  in  the  driving,  running,  or  coupling 
wheeU.  (It  IB  alio  deierving  ofremark  that  this  coupling  wheel  ii  not  confiofd 
in  its  application  to  locomotire  engines,  but  may  he  applied  aa  a  medium  for 
driving  all  kinda  of  machinery,  in  order  to  dispense  with  any  jerking  or  nneren- 
nrsi  of  motion  oeeaaioned  by  toothed  gearinF,  or  in  order  to  obriaie  tlie 
difficulty  freijuenlly  arising  from  the  teeth  of  wheels  breaking). 

In  conoex ion  with  the  before-mentioned  apparatut and  illustrated  bytheiame 
figure  is  on  improved  drag  or  break.  At  //are  two  small  anli-friction  rotlrrs. 
suspended  from  the  leven  6,  their  own  peripheries  being  in  contact,  but  hanging 
in  guidea  A  h.  entirely  free  from  the  peripherics  of  the  engine  carriage  wheels  ; 
and  when  it  is  neceaaary  to  stop  the  engine,  it  may  be  done  with  great  rapidity 
and  ease  by  letting  the  alesm  into  the  bottom  of  the  cylinder  e,  thus  ruiing  the 
lever  b  (at  the  some  time  releasing  the  coupling  wheel  a),  and  bringing  the 
perijiheriea  of  the  two  rollers//  into  close  contact  with  the  tires  of  the  engine 
carnage  wheels,  and  thus  efiectualiy  to  lock  them  or  impede  their  progress,  by 
inimeaiatety  reversing  the  direction  of  the  revolution. 

The  same  system  of  apparatus  is  applied  to  the  tender,  but  *ilh  a  different 
mode  of  putting  the  same  into  operation,  as  the  rollers  are  there  drawn  into 
contact  by  a  vertical  screwed  rod  and  suspended  links ;  which  construction  will 
be  found  most  suitable  for  tenders  and  carriages  used  for  the  transit  of  passengers 
and  merchandize. 

The  annexed  diagram  is  explanatory  of  another  modilicalion  of  Mr.  Melling's 
friction  couplings,  which  he  considers  to  be  also  on  improved  BTrangcmeut  for 
such  engines  as  are  employed  to  convey  heavy  trains  aod  merchandiM. 


At  a  is  the  main  cranked  or  driving  axle,  in  the  centre  of  the  engine ;  upon 
tlie  ends  of  this  aiia,  two  large  driving  wbeeli  b  are  fixed,  so  as  to  run  just  cleur 
of  the  railaj  but  so  aa  to  bear  forcibly  upon  the  Tore  and  hiud  wheels  c  c,  and 
thus  transmit  the  power  of  tbe  engine  through  them,  and  obtain  a  perfect 
udhesiou  upon  the  rails  at  all  points. 

vfi.i,  .  „: —  ..e  jimwiug  in  a  strong  light  the  great  pioctical  advantages 


With  a 


attending  the  patent  coiipiing  wheels,  Mr.  Melling  eihibils  two  diagrams  jn  his 
.  ..;i^__.;_ . ■ 1.    ---IP  „pj,„  [jjg  ([^  pf  ^  wheel   by  the  use  of  his 


ipecificatioii  repteienling  the  wear  upon  t 
coupling,  and  wilbaul  i',  which  we  shall  h 


J 
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Fig.  3  rci'retenU  the  amount  of  itenr  upontlie  true  cone  of  the  lire  of  wheelj 
of  engiors  that  hnve  run  without  being  coupled,  and  (hcrcfore  erlirelj  iha  eHett 
of  slipping  ngninit  the  rails-  Fig.  4  shows  a  wheel  which  has  performed  the 
tame  number  of  journeys  u  the  other,  but  which  has  been  coupled  according  lo 
the  patentee's  method.  In  the  lalter,  owiag  to  the  entire  prevenlioo  of  slipping, 
there  i»  no  perceptible  wear. 

Another  improvement  effected  by  Mr.  Melling,  and  described  m  the  London 
Journal  for  January  1811,  consiila  in  a  combinsliDn  of  apparatus  tor  working 
the  ilide-valvei  of  locomotive  steam  engines,  whicb  he  stales^  "  entirely 
dispense*  with. the  imperfect  mode  of  working  them  by  exeenlrics,"  as  hitberlo 
practised.  The  great  reduction  of  friction  effected  by  it  is  e<juivB!ent  to  a 
corresponding  incrrnae  of  power.  "  A  farther  improTement,  aruing  from  this 
mode  of  working  the  slide-valvea,  is,  that  they  are  driven  from  the  ordinary  con- 
necting rod  instead  of  being  worked  by  eicentrica  raoimledonthe  crank  (ban,  ai 
heretofore;  in  which  case,  ifbyanyaccidenl  the  crank  shaft  happened  to  have  be- 
come bent  or  broken,  it  could  not  effect  the  opening  and  closing  of  the  side  valves. 

Having  now  given  aeveral  external  views  of  the  more  modem  form  of  six- 
wheeled  locomotive  engines,  and  their  principal  accessories,  we  shall  proceed 
10  exhibit  the  internal  eonilruction  of  the  parla,  by  an  enlarged  section  of  an 
engine  conatiucted  hy  Mesan.  Tayleure  and  Compimy,iuid  shown  on  the  follow- 
ing page. 

At  da  d  is  the  boiler,  consisting  of  a  horizootal  cylindrical  chamber  connected 
lo  a  vertical  chamber,  containing  within  it  tlie  fire  box  b,  which  ia  •urrounded 
by  water,  c  e  c  are  a  aeries  of  horizontal  tubes  of  small  diameter,  serving  as  flues 
through  which  the  heal  is  imparted  lo  the  horizontal  portion  of  the  boiler,  and 
opening  into  the  smoke  box  ir,  which  il  surmounted  by  the  funnel  or  chimney  r, 
shown  ai  broken  off  for  want  of  space.  At/ii  a  bel!-niouthed  pipe  (rising 
up  within  a  dome  to  prevent  the  water  powing  over  with  the  ateam),  which  com- 
municate* with  the  Ihtotlle  valve  g,  whence  the  steam  is  conducted  by  branch 
pipes  h  to  the  two  cvlinders  i.  Atj  ia  the  slide  valve,  k  the  eduction  aperture 
communicating  with  the  blast  pipe  /:  m  ia  the  piston  rod,  n  the  coimccting  rod, 
0  one  of  the  driving  cranks  formed  upon  the  axle,  p  one  of  the  exceutrica 
which  govern  the  motion  of  the  slide-valves. 

At  ij  is  one  of  the  driving  wheels,  r  the  feed  pipe,  ttie  supply  of  woter  being 
ngnlsted  by  th«  cock  «  through  the  medium  of  the  key  I ;  v  is  the  connecting 
jinl,  w  ^e  hand  or  itartiiig  gear,  >  x  the  (t«el-yaid  lafety  val^e,  y  the  man  hole, 
and  X  the  buffer. 

tt  may  be  obaerred  that  the  boiler  i«  enckied  with  wood  to  prevent  the  lou  of 
heat  ftom  ladialioii ;  and  for  the  ume  putpOM  the  ateam  cheats,  or  dome*  and 
nuto boles,  are  provided  with  atbio  metallic  caung  (generally  of  bran}  leavJDgk 
narrow  space  of  air  between  them.  The  top  (^  the  chimney  ia  coverei]  by  a 
cage  of  coarse  wiie-work  to  prevent  the  tacxpe  of  red-hot  cinders,  for  the  want 
of  which  ptecaution  many  accidenta  hare  occurred. 

Ftmr-tekttled  and  ta-vkttled  Itaihiag  Loemnothe  Enmet. — A  difference 
of  opinion  baa  of  late  yean  existed  amongst  Railway  engineer*  as  to  the  rela- 
tive merit!  of  four  and  siz-wbeeled  enginei.  Amongst  the  advocates  of  each 
there  are  men  of  talent  and  experience;  and  amongst  the  locomotives  made 
on  each  plan  there  are  many  of  a  highly  efficient  character;  and  all  seem 
lo  be  conitnicled  with  so  much  solid  beauty  of  workmanship,  as  to  render 
them  very  imposing  examples  of  mechanical  skilL  The  fr^ricatioa  of  these 
splendid  machines  can  only  be  conducted  with  due  economy  in  large  work*, 
where  the  aelf-actiog  machinery  is  elaborate,  powerfiil,  and  of  the  highest 
quality.  Hence  the  manufacture  of  railway  locomotive  engines  is  confined  to 
comparatively  few  establishments,  amongil  whom  there  ia  a  rivalry  for  pro- 
ducing the  best  engines.  Ajid  when  any  accident  occurs  to  an  engine,  it  is  too 
often  attributed  by  a  rival  to  a  defect  in  its  construction,  wliich  may  not  have 
eonlrihuted  to  it  in  the  slightest  d^ree.  To  arrive  at  a  correct  knowledge  of 
the  comparative  economy  and  mechanical  advantages  between  the  eoginei  of 
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.  ..  ^  ^       _      ■rwonld  lucetwilh  insuperalile difBeultua; 

WcauM,  tlie  advocaim  and  ^rtiei  lie  must  consult  ou  either  side  are  generallj 
interested  m  ihc  result.  The  only  means  of  stt&ining  certain  infcanuttoii, 
vould  be  by  tbe  appointment  of  a  parliamentary  commisiion  of  able  and 
independent  men,  similai  lo  that  which  recently  ao  admirably  invutigatod, 
and  decided  the  question  of  the  rival  gauges ;  which  commiasion  would  Iun« 
the  power  of  calliue  for  ail  the  evidence  that  could  he  obtained,  ud  of 
proving  experimentally  the  facts  elicited.  If  ne  are  to  believe  the  (tatementa 
of  ths  rival  parlies  who  have  Reured  in  this  paper  caniroversj,  it  i:i  not  merctj 
a  question  of  icieace,  or  of  puUic  convenience  that  bai  to  he  detertnioad,  btit 
cMH  wherein  life  ii  placed  in  serious  jeopardy ;  one  parly  going  so  Gur  ai  la 
darge  the  albcr  with  tbe  tacrifice  o(  "  more  than  a  humlTtd  lirti,"  by  fti^Mdag 
in  dieir  nippowd  erroneoua  system  of  conitnittion  1 

The  chief  manufacturers  as  well  as  champions  of  the  four-wheeled  locainoti*a 
cn^ne,  are  Meaan.  Bury,  Curtis,  and  Kennedy,  of  the  Clarence  Fonndrj, 
IJverpool,  who  make  them  fur  the  London  and  Birniingham  raitwaj,  whan 
they  have  been  continually  and  exclusively  used,  we  believe  ever  since  it*  fint 
opening.  "  To  show  the  process  of  reasoning  by  which,  aid^d  by  experienca 
and  ihu  cluaest  oliscr^ntkin.  ihcv  have  arriveil  nl  the  conclusion  of  pnferriiig 
the  (bor-wheeled  to  tbe  nz-wheelcd  engines,"  tber  aent  forth  a  Ctrcular  in  no- 
dkation,  accompanied  wilh  engravinn  of  the  "Albert"  To  thii  meaaure  they 
were  indnced,  they  state,  became  "there  h»Te  not  been  waating  thoM  whose 
airdet;  to  feed  the  pnUic  prqodiee,  and  to  profit  by  the  effect  of  i^  haa  led 
~'  'a  wOegt  many  thing*  agaiutt  four-wnnlad  enginea,  which  are  both 
■  ■  ^  '-■  — '— ■ — '- '"c^"  andbecan«e"in«lltliedi»cu«oiM 
1^  none^  or  tcareelj  any  Kren,  haa  beoD 

&  Hibetantially  tlMmain  featmc  of  Aa  whole  can;  namdy, 

the  difihrent  efikcta  of  inads  and  onteide  bearing!."  Thla  Qrcular  ha*  been 
aniwered  in  tbe  pagea  of  the  Uecbaoici'  Magaaine  by  ■  rival  patty,  under  the 
anomynoM  dgnatnre  of  "  A  Praetieal  Engineer,"  who,  we  are  aimed  by  the 
EditOT  of  that  excellent  Periodical,  la  a  gentleman  of  a*  lugh  ancfaoii^  on 
railway  tnatten,  aa  Hem*.  Bory,  Ciuti*,  and  Keniltdy. 

We  shall  now  proceed  to  give  the  Circular  of  Meaan.  Bury  &  Co.,  and  place 
in  juxta-poailioa  the  answer  to  it  by  a  "  Practical  Engineer,"  to  save  needle« 
lenetilion  and  ipace,  and  for  the  eoDTenienee  of  our  readen. 

To  render  the  anumenti  of  Meena.  Bury,  Curtia,  and  Kennedy  in  &vour  ot 
their  four-wbeeled  locumotiTes  more  readily  intelligible,  we  shall  Gnt  lay  before 
the  iMder  the  drawings  and  deacription  of  toe  "  Albert "  four-wheeled 
locomotive,  eombiuiiig  ueir  recent  imptorameoti. 


Inem  U  au^e  many  uungi  agamn  rour-a 
untenahlc  in  prindfle,  and  nntrne  in  fac^"  a 
which  have  taken  plaee  on  tte  iulgeclv  now 
laid  on  that  which  &  nbetantiaUy  the  main  fi 


Matn.  Bury,  CitrtU,  tad  Ktmu^'t  CtraJa: 
\.  The  Uaneheater  and  Liverpool  railway  wai  the  Grat  that  ventured  upon 
the  use  of  steam  locomotive  power,  for  the  conveyance  of  passengenat  a  rapid 
rate,  and  the  first  engine  made  for  that  great  and  spirited  undertaking,  in  1828, 
had  ail  wheels.  This  engine,  however,  failed  to  give  satiafaction,  and  a  premium 
of  jC500  was,  in  the  aame  year,  offered  by  tbe  Directors  for  the  best  engine. 
Alter  many  trials  tbe  premium  was  awarded  to  a  four-wheeled  engine. 

On  iha  EUcflotDg  pvunpb  1.  tbe  "Pnetto]  Eoflnrf r  "  «ta1«t.  tlut  tlie  eoflnc  tuppoHd  to 
be  slludHl  to  iThe  Twin  Hblcn)  wu  not  iccvpted  br  tba  Comyajtj,  ^'becuiK  it  would  not 
fnenle  itum  enautib  to  Ibe  ipml  reqidnd.  ud  lui  boouug  li  bad  lU  whecli,  oi  «Wd< 
ftsofiif ,  u  tbe  rnn^n^  wh  ml  of  tbst  UDd." 

2.  The  four-wheeled  engines  of  that  day  had  all  of  them  outside  framea, 
and  were  used  on  the  Liverpool  and  Mancbester  railroad  for  four  or  five  yeart, 
without  other  Directions  than  the  loss  from  the  breakage  of  ailea,  ariang  from 
tbe  defective  plan  of  the  frame,  viz.,  in  its  being  placed  outside  the  wheela. 

In  nrlrta  puignph  1,  tbe  "  Pnctical  Enclnsir"  uri.  "  Tbe  roUowinn  engliin  wtn  tbe 

bad  tiHiJf  ftamlngt;  crank  plna  in  the  l«din|r  wTihU;  wttbrour  wbnla  c^h^  njntalv, 
the  Kaktt.  Mclm,  Aimw,  Coinct,  Dnn,  Knitb  SIu,  Hoithumbrlu,  ud  H^Btlc" 
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3.  Experiments  wer«  fulnequenUy  made,  intended  to  show  that  economy  of 
fuel  resulted  from  the  use  of  a  large  fire-box ;  but  the  consequence  was,  that 
this  part  of  the  engine  became  so  heavy  as  to  reouire  support  behind  it,  and 
hence  arose  the  re-introduction  of  a  third  pair  of  wheels,  wiuch  had  been  pre- 
viously abandoned  as  highly  objectionable. 

**  Owing  to  tlie  tnaueat  oeconenoe  of  accidents  with,  and  the  pitching  and  liaiioai  motion 
of  the  four-wheeled  eoginea,  it  was  reeolved  to  try  the  effect  of  six  wheels,  by  pnttini;  an 
additions!  pair  under  two  of  the  Company's  old  engines,  namely,  the  Atlas,  and  the  Mars." 
**  The  result  of  the  experiment  gare  so  much  satisfsction,  that  I  belicTe  all  the  Company's 
engines  whi^  were  thought  to  be  worth  the  expense,  were  made  into  six  whcelcn ;  and 
the  engines  wliieh  are  now  (1843)  making  for  that  Une,  are  six  wheelers.  It  is  altogether 
erroneous,  therefore,  to  saj  that  the  third  pair  of  wheels  was  introdueed  on  account  of  the 
use  of  large  fire  boxes.  * 

4.  The  engine  makers,  generally,  of  the  country  had  no  choice  of  the  form 
of  engine,  but  had  to  conform  to  the  plans  of  the  directors  or  engineer  of  the 
Company,  and  did  not  examine  minutely  the  merits  of  the  new  plan  of  con- 
struction, and  engines  continued,  for  some  years,  to  be  made  orolnarily  with 
outside  frame,  large  fire-box,  and  six  wheels. 

5.  It  was  the  good  fortune  of  the  conductors  of  this  foundry  to  originate  the 
construction  of  rour-wheeled  en^ne%  with  inside  framing,  crank  axles,  and 
cylinders,  placed  in  the  smoke-box,  all  the  practical  and  mechanical  objec- 
tions to  the  six-wheeled  engines,  and  particularly  with  outside  firamlng,  having 
been  foreseen  at  the  earliest  period.  The  first  engine  made  upon  this  principle 
was  manufactured  in  this  foundry,  in  1829,  prior  to  the  opening  of  the 
Liverpool  and  Manchester  railway.  As  the  principle  of  the  four-wheeled 
engine  thus  made  gained  publicity,  great  alterations  have  been  introduced, 
from  time  to  time,  m  ordinary  six-wheeled  engines,  and  at  last  we  find,  which 
we  may  be  pardoned  for  adverting  to  with  some  satisfi^tion,  that  in  the  latest 
invention  of  an  eminent  eiu;ineer,  the  outside  framing  b  now  being  abandoned, 
or  at  least,  that  the  inside  Naming  has  been  adopted  in  that  instance,  and  tlie 
large  fire-box  dispensed  with. 

In  reply  to  paragraph  5,  the  "Practical  Engineer"  sajrs,  *'  I  am  not  prepared  to  say  that 
Messrs.  Bury  and  Co.  were  not  the  first  who  constructed  engines  of  '  four  wheels,  with 
indda  taming,  crank  axle,  and  cylinders  placed  in  the  smoke-box,'  considered  as  a  com- 
bination of  parts;  but  taking  this  statement  in  connexion  with  other  parts  of  the  circular, 
it  is  calculated  to  prednoe  a  very  false  impression,  and  I  have  met  with  several  persons 
who  have  been  misled  by  it."  "  Every  person  at  idl  acquainted  with  railways,  must  know 
that  outside  framing  is  of  comparatively  recent  date,  long  subsequent  to  Messrs.  Bury 
and  Ca  becoming  engine  makers.  The  reference  made  in  the  latter  part  of  this  paragraph 
to  the  use  of  inside  framing,  by  an  '  eminent  engineer,'  is  one  of  the  boldest  things  I 
ever  saw.  It  can  hardly  be  possible  that  persons  engaged  in  the  construction  of  locomotive 
engines  so  long  and  so  extensively  as  Messrs.  Bur^  and  Co.  have,  can  be  ignorant  of  the 
ttct,  that  Mr.  G.  Stevenson  made  engines  with  inside  framing  more  than  30  yean  ago. 
Even  if  they  did  not  know  that  fact,  can  any  body  conceive  it  possible  that  they  should  so 
soon  forget  that  the  Rocket,  and  many  other  engines  subsequently  made  by  Mr.  R.Stephenson 
for  the  Liverpool  and  Manchester  Riallway  Company,  had  inside,  and  not  outdde  framing  t 
You  will  observe  that  it  is  not  stated  that  that  'eminent  engineer'  is  nov  adopting  the 
inside  framing  for  the  first  time,  but  that  the  outside  framing  is  now  being  abandoned. 
The  object  of  the  authors  of  this  paragraph  is  obvious  enough." 

6.  The  frequent  variations  in  the  construction  of  locomotives  serve  to  prove 
that  the  designers  of  six-wheeled  engines,  with  outside  framing,  are  convinced 
that  their  plan  was  not  a  perfect  one :  whilst,  in  this  foundry,  the  same  plan 
has  been  continued  with  which  we  began,  and  to  which  others  are  now  coming 
round. 

7.  This  being,  in  brief,  the  history  of  passenger  locomotives  up  to  the  present 
time,  we  think  it  due  to  ourselves  to  give  the  reasons  why  we  have  so  perse- 
veringly  adhered  to  our  plan  of  engine  with  four  wheels  only,  and  niside 
frames,  and  we  cannot  do  oetter  than  give  the  following  compiled  extract  from 
a  paper  published  in  the  transactions  of  the  Society  of  Civil  Engineers,  and 
read  before  the  society,  March  17,  1840.  It  contains  the  statement  of  our 
opinions,  of  the  soundness  of  which  we  had  then  had  ample  eicperience,  and 
which  still  remain  not  only  unchanged,  but  strengthened. 

8.  Next  to  a  eood  boiler,  which  governs  the  economy  of  fud,  the  most 
important  point  m  the  construction  of  a  locomotive  engine  (inasmuch  as  it 
most  materially  influences  the  cost  of  repairs)  is  to  connect  all  the  parts 
firmly  together  by  a  strong  and  well   arranged  framing,  so  that  they  shall 
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retain  their  relstire  poiiliciti  whi^n  the  engine  is  in  motioo,  and  that  it  ■hail 
rrceite  and  bear  llie  strain,  and  the  concussiona  to  which  every  part  ii  snbject. 
The  tmidc  Irviiing  pouesiea  a  great  lugieriority  in  thii  respect  over  the  outaido 
framing,  as  it  forms  a  ttranger  and  more  direct  coDnenion  between  the  cylinder, 
the  crank  axle,  and  all  the  movin?  parts;  and  It  beora  all  the  (train  of  tlie 
engine,  without  throwing  any  portion  of  it  on  the  boiler,  as  it  the  case  wilti 
lite  outnde  framing. 

9.  Theie  advuitagei  are  beat  docrtbed  by  comparing  it  icilh  the  ordinary 
outside  framing  ■ubmilled  to  the  principal  strains  which  it  has  lu  resist. 

10.  The  most  importaai  ii  that  caused  by  the  whole  power  of  the  engiae 
acting  aa  a  direct  strain  upon  the  crank  as  it  passes  over  eitlier  centre. 

11.  With  the  iniide  framing  the  centre  line  of  the  connecting  rod  is  only 
10  inches  diitanl  from  the  centre  line  of  the  frame,  and  the  total  distance 
between  tlic  bearirgs  is  43^  inches;  but  where  the  framing  is  outside  the 
wheels,  these  dimensions  are  nceesiarily  20  inches,  and  72  inches  resjiertiTely; 
and  the  eflecls  of  the  strain  on  the  crank,  in  this  case,  would  be.  to  its  etfcct 
with  the  inside  framing,  as  14  is  to  8. 

"Wihmth**>T'Wi-'*>W'<iMamT  ■lawiiiiiil.  (sirs  tbi  f  MiMststrw.)  Hisl  IW 
■HH  tbi  aolBti  si  ionirt  an  to  sHfe  dUwt,  lbs  nisillsr  Ik*  sinanitattant  m* 
Mmct^Biht  nd  i:Q.pnAr  t^—tatii^  JmA^taam  <it  ft  tarfwii  t    Tteit^MMI  of 

MIs*^  pnrMsA  wkh  iBsida  ftulac  u  ntist  tha  (tola  it  thi  (tUb«bs.- 
IZ.  For  thk  mmou,  when  the  prinapal  frama  la  placed  outaila  tte  irlwnh. 
k  beeoacf  necsMiry  to  have  an  additwinBl  iiiBd*  fanung,  to  pMrent  tiw 
fnctnnof  dwaslc.  Thna  additional  intide  framM  not  only  eanae  an  inctMao 
of  IHotian  on  Iho  bearing*  of  the  ennkcdazk^  fa«t  aba  tmv  a  oouidai^ilo 
atrain  on  the  boiler,  which  then  bceomee  theinediiim  of  eeaaerienbetwaa  the 
huide  and  outnde  framae,  Ae  indda  ftamca  being  fixed  at  one  cod  to  the 
bottom  of  the  nnoke-box,  and  at  the  other  end  to  dw  tan^vx,  whila  the 
prindpal  frame  ii  attached,  by  long  braekett,  to  Ae  body  of  the  boUer. 

"TklsHTMiBhllDlssMitlTlBkHp^wiatkwkle  sfthe  Aielu.  Th*  Su^aa, 
bgUi«UsUaaD>lla«U*iirtli*whHb,latlMamaD>lliiwlMrt*d«Dcliis,k«Kb>«  u 
th*Diak»lBiBltbsfln4u,  adslHfoaiillTtstbgboUn.  Hiii^.  Iny  ud  Ca.>s 
ftanUwIhlB  BT  sbUbii.  t«t  ddCedra  In  notait  td  darstDtiTi  sad  W  >  Wwtimlwl 

iiiii«iiiiiiii.imi«lnc>oswrthifaii<ftsktailiB»dshTib«n '-" ■  -* 

IJu^liUa^aa "  — 

...      he  fact,  th 

bearingt  on  the  aile,  (that  axle  being  only  S  feet  long,)  renden  the  syitam  of 
principal  onbade  Inaiingi  to  objectionahle,  that  that  circunutance  alone  should 
■office  to  canaa  their  rejectioQ,  for  it  i*  well  known  to  praetieal  men,  that  it  m 
impoeeible  to  key  to  many  bearings  perfectly  tnie,  and  to  maintun  them  ao 
when  the  engine  is  working ;  and  ctcd  if  this  proridon  were  attuned,  the 
'■e  friction  on  the  four  inside,  and  the  two  outside  bearings,  would  he 


mnch  greater  than  when  it  is  all  thrown  npon  two  bearing;  beconae,  i 
first  puiee,  all  the  friction  dui  to  the  weight  of  the  boiler  u  borne  bv  the  two 
(mlHda  bearings  alone,  and  that  which  results  from  the  presmre  of  the  steam, 
through  the  medium  of  the  connecting  rod,  is  thrown  upon  the  four  indde 
bearings ;  the  pressure  on  the  outu^  bearing*  is  vertieal,  and  the  mean 
preseure  on  the  mside  bearings  is  nearly  horiiontaL  So  that,  if,  instead  of  acting 
■eparatelj,  these  two  amounts  of  preasure  were  thrown  on  the  same  bearings, 
the  friction  would  only  he  due  to  the  resultant  of  the  jiressurea,  and  would,  con- 
sequently be  much  reduced. 

T1iUlM)tBdenmncTd  SI  a  Terr  "  aneudld  puigTaph.  tf  not  somsthlnc  wdtsb."  "Hsun. 
Bdit  ud  Co.  muBt  be  mnn  thai  tiot  non  IhsB  ddb  or  tvo  ttuoitt  St  tb«  mo«t  bsre  bwn 
pal  Into  flnflnvi  mule  wLtlllD  thir  iHt  itx  jcuv.  Ida  ncri  undentuid  what  can  b*  mesdl 
by  'Et  It  w«u  kacpwn  to  pr^ttesi  Dun.  Itist  H  J*  LmpoMtble  to  Ify  tonsjijbvadii^  ac' 
Itliital  nnulu  ktT  bnibigs.  Wluunr  ma)' hire  been  IsWiidnl.  Ilui  psisgnph  la  bo* 
likilj  to  denln  inr  on*  In  Uie  nnsllHt  d^pn  K^oalDtad  wilfa  tbc  idIiJbcI." 

14.  Another  important  feature  i)  the  strain  to  which  locomotive  engine*  are 
liable,  from  the  pressing  or  striking  of  the  flanges  of  the  wheels  againat  the 
rails,  when  traTeHing  on  a  curve. 

15.  In  engines  with  the  bearings  inside  the  wheels,  the  weight  of  the  boiler 
ha*  a  tendency  to  bend  the  axle  down  in  the  centre,  while  the  prcnare  of  the 
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flange  against  the  raO  acts  open  it  in  a  cwitiafj  diieetiony  and  tboi  one  itrain 

eoimtencts  the  effect  of  tlie  oilier.     If  the  bearing  it  oatiide  the  wheeU  the 

weight  of  the  bofler  tends  to  bend  the  axle  upwards,  and  a  strain  oo  the  flange 

of  the  wheel  acting  in  the  same  direction  and  in  addition  to  it,  when  the 

breakage  of  an  axle  takes  place,  these  joint  actions  tend  to  force  the  wheels 

under  the  engine,  and  there  bring  no  flange  on  the  onfende  of  the  wheel   to 

prevent  it,  the  engine  is  thrown  off*  the  rails,  which,  it  is  evident,  cannot  happen 

with  an  engine  having  inside  firaming,  because  the  weight  of  the  bearings 

presses  the  flange  of  the  whed  against  the  rail,  and  aansu  the  length  of  the 

journal  in  keeping  it  from  £dling  or  being  thrown  off  the  rails.* 

■*TfcttiBtiodartaf7 part orOfapangnph (15) boot  dispotrd:  b«t Mesas.  BaijkCCrin 
«*'T**f  ioaidfe  btming^  did  no  man  than  eapj  Ui.  Ilhii¥iiiiim>  Mr.  Stepbenson,  and 
nuuij  ochen.  As  to  the  mnrhnfing  past,  Mctan.  Boxr  *  Co.  nuj  consalt  the  Pnustan 
Jonraadt  of  Maj  last"  (1M2)  *«  and  the  evidence  gircn  at  a  late  Inqacst  vn  the  Loodoo  and 
Btnungfaam  Bailwxf ." 

16.  Several  instances  haveoecarred  on  the  London  and  Birmingham  railway, 

when  an  axle  has  broken,  that  not  only  have  the  wheels  remained  on  the  rails, 

but  the  driver  has  been  iid>le  to  proceed  with  the  train  to  the  nearest  station. 

M  TUs  admhainn  is  man  thaa  ai^ht  hare  heea  expected,  seeing  that  Messrs.  Bury  and 
Co.'s  engines  axe  peifteL" 

17.  The  stifiness  of  the  single  inside  Iraming  is  not  only  a  remedy  against 
the  excessive  wear  and  tear  which  are  consequent  on  a  less  perfect  union 
between  the  parts  of  the  engine,  but  its  simplicity  allows  the  whole  machinery 
to  be  arranged  in  a  mtre  compact  form,  and  constructed  with  greater  solidity, 
with  this  widitional  advantage,  that  the  engine  driver,  while  standing  on  the 
foot-plate,  can  inspect  the  wlK>le  of  the  machine,  and  detect  any  derangement 
requiring  his  attention. 

18.  It  is  evident  that  the  round  form  of  fire-box  possesses  great  advantages 
over  the  square  fire-box :  first,  it  is  much  safer  than  the  square  fire-box,  being 
made  nearly  in  that  shape  which  an  excess  of  pressure  beyond  its  stifiness 
would  tend  to  bring  it  to,  if  made  in  any  other  form ;  moreover,  the  safety  of 
the  boiler  with  a  square  fire-box  is  neariy  dependent  on  the  strength,  individually, 
of  each  of  the  stays  which  is  fixed  in  it,  (of  which  there  are  a  great  number,) 
whereas  the  pressure  in  the  round  fire-box  is  borne  equally  by  the  whole  area 
of  the  plates  of  which  it  is  composed :  again,  the  comers  in  the  square  fire-box, 
in  which  the  combustion  is  always  languid,  and  consequently  mjurious,  are 
avoided  in  the  round  fire-box. 

19.  A  lead  plug  is  placed  at  the  culminant  point  of  the  round  fire-box,  and 
will  therefore  m»t  oefore  any  other  part  is  left  dry,  and,  as  the  top  row) 
tubes  is  placed  two  or  three  inches  below  the  culminant  point,  it  is  almost 
certain  that  the  extinction  of  the  fire  will  prevent  the  tubes  being  burnt ;  but, 
in  a  fire-box  with  a  flat  top,  the  melting  of  the  lead  would  only  occur  when  the 
whole  surface  was  dry,  and  probably  injured. 

20.  It  is  admitted  that  a  locomotive  engine  should  be  as  light  as  is  consistent 

with  great  strength,  simple  in  its  construction,  composed  of  as  few  parts  as 

iMMsible,  and  that  the  greatest  regard  should  be  had  to  the  diminution  of  friction ; 

it  is  thence  obrious  that  four  wheels  must  be  preferable  to  six,  provided  they 

carry  the  engine  with  the  same  steadiness. 

"  The  proriso  at  the  end  of  this  psnigraph  is  a  veir  important  one,  but  it  is  net  leciued 
in  the  four- wheeled  engine;  for  if  that  has  lessniction  than  the  six-wheeled  engine*, 
why  do  the  engines  on  the  London  and  Birmingham  railway  coniume  more  coke  per 
carriage  per  mUe  than  those  on  the  Liverpool  and  Manchester  railway  f  Eighteen  months 
or  two  yean  ago,  the  difference  was  rather  more  than  two  to  one,  and  is  still  very 
considerable.'' 

21.  The  use  of  six  wheels  originated,  (as  we  have  before  shown,)  in  the 
necessity  of  supporting  the  large  and  heavy  fire-box,  which  was  not  sufficiently 
balanced  by  the  smoke-box  end ;  but  no  such  necessity  can  exist  in  the  loco- 
motives made  •according  to  the  accompanying  plan,  as  the  weight  is  nearly 
equally  distributed  on  the  front  and  hind  wheels,  and  not  only  would  two 
additional  wheels  be  useless,  but  they  would  be  prejudicial  and  dangerous  when 
the  engines  are  travelling  upon  curves. 

■  N.  B.  Thcto  eflecif  are  subsequently  explained  by  the  aid  of  diagrams.— En. 
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jmagmflh  (11)  eommeiioet  with  a  mJHfrtwnent,  whkh  hu  batn  already  nodeed. 
Tha  umdton  and  Bili^hlaB  Railway  Company  can  apeak  to  the  latter  part,  as  a  man  ftom 
Xmbs.  Bmy  •(  Gow'i  bM  been  two  or  three  nunths  pnttiasathird  pair  rf  wheelt  (whkh 
iranaBntlraBiLlTCfpool,)to  each  of  the  fireoreiz  enginea  made  bythe  flzmforthat 
TSmi  oaaof  which  aagiiMa,  pre^ona  to  the  additional  pur  of  wheala  being  put  under  ft, 
flMM  a  gieai  kia  of  lito  not  long  ago." 


tSL  A  fimr-irlMekd  engine  traTellin^  udod  a  curve  is  driyen,  by  the  direct 
mpliiTitifin  ci  the  moTing  power,  towaras  toe  outside  of  the  curve ;  but,  as  die 
vbeds  are  rather  conical,  the  large  diameter  of  the  cone  will  ride  on  the  outside 
nSL  while  die  smaller  diameter  of  the  opposite  wheel  win  bear  on  the  inside  rail, 
SM  tbii  dBffMeno^  (as  die  ontside  rail  is  longer  than  the  inside  one^)  will  allow 
^bm  wlieels  to  levom  widMut  slipping  or  grinding. 

"  iMiniai  intiblt flIennTaiT in  mechanicel    Hitherto  it  baa  been  alwayc  undentood,  that 
'  the  aoaloal  tem  of  tfaa  wlieeU  to  prodttoe  the  eflbot  here  deecribed  the  axlee  must  be 


SS«  With  an  engine  imoii  six  wheels,  if  the  two  leadine  wheels  assumed  this 
■iMJIiiHi,  lbs  odssrs  would  necessarily  be  dragged  after  them ;  but  a  still  more 
msMttmit  point  is^  thai  the  angle  which  the  centre  line  of  the  locomotive  forms 
widi  the  tangent  of  the  curve  in  which  it  is  caused  to  move,  is  much  greater 
widi  six  wh^ls  than  with  four,  so  that  the  flange  of  the  wheel  presses  more 
against  the  rail  with  the  former  than  with  the  latter  engine. 

24.  The  pressure  against  the  outside  rail,  arising  fh>m  this  cause,  will  be  in 
direct  proportion  to  the  distance  between  the  front  and  hind  axle  of  either 
engine^  so  that  it  will  be  as  10  to  6. 

*' *Mediaalcos' in  the  RaOway  Times,  bM  shown  the  rerene  to  be  the  ease.  That  the  lateral 
moden  of  tiie  four-wheeled  engine  will  bend  the  rails,  was  shown  bythe  accidents  oo  the 
Eastern  Countiea,  and  the  Fans  and  YeraaiUea  Left  Bank  railw^i^  wh«re  the  raila  were 
bentinaatndghtpartoftheline.  IbeUerenoinstaiieehaabeanknowBoraaiz-wheeled 
engine  bending  rula." 

25.  This  pressure  and  conseouent  friction  is  still  further  increased  by  the 
action  of  the  middle  wheel,  whicn  tends  to  ride  on  the  same  curve  as  the  front 
and  hind  wheels,  but  is  prevented  flmn  doing  so  bv  being  in  a  straight  line 
between  the  two,  and  is  thus  forced  to  move  laterally  between  the  chord  and 
the  circumference  of  the  curve. 

26.  The  friction  aiisingfrom  this  lateral  motion  furtiier  presses  the  engine 
against  the  outside  rail.  Thus  the  four-wheeled  locomotive  has,  in  proportioo, 
a  greater  weight  on  the  front  wheels,  it  presses  less  against  the  outside  rail,  and 
orors  much  less  friction  when  traveUing  on  curves ;  hence,  it  has  less  tendency 
to  be  thrown  off  the  rails,  it  is  more  simple  in  its  construction,  less  expensive 
in  repairs,  on  account  of  this  simplicity,  and  the  smaller  cost  of  it  fully  justifies 
the  directors  of  the  several  railways  who  have  given  the  preference  to  this 
description  of  engine. 

"Itia  notoriously  untrue  that  the  four-wheeled  engine  has  less  tendency  to  be  thrown  off 
the  rafla  than  the  8ix-wbe«led  engine,  as  the  Liverpool  and  Manchester,  the  Iiondoo  and 
Brighton,  the  PariT  and  Versailles  Left  Bank,  and  especially  the  Eastern  Counties  Bail  way 
Companies  can  well  attest.  Messrs.  Bury  and  Ca's  engines  are  by  no  means  as  simple  as 
the  modem  six-wheeled  engines,  and  cannot  be  kept  in  order  at  so  small  a  cost.  With 
reference  to  the  original  cost,  if  the  statement  of  an  Eastern  Counties'  director,  in  a  letter 

Sublidied  in  the  Railway  Times  about  eighteen  months  back,  may  be  depended  upon, 
fessrs.  Buxy  aad  Co.'s  charge  for  a  four-wheeled  engine  with  an  iron  fire-box  (for  I 
understand  they  will  make  no  other)  was  50/.  more  than  Messrs.  Bharpe,  Roberts,  &  Co. 
then  charged  for  a  six- wheeled  engine. of  the  same  siae  with  a  copper  fire-box.  The  North 
Midland  Ra&wsy  Company  can  give  softie  information  concerning  iron  fire-boxes,  as  they 
have  had  to  put  copper  onra  in  Ueu  of  the  iron  ones  made  by  Messrs.  Bury  A;  Co." 

27.  At  the  time  the  above  paper  was  read  before  the  Society,  the  four-wheeled 
engine  had  hut  few  supporters,  arising,  no  doubt,  from  the  erroneous  supposition, 
that  the  safety  of  the  engine  was  in  proportion  to  the  number  of  wheels  used. 

28.  It  has,  however,  been  steadily  gaining  ground  in  public  estimation,  and 
from  the  alterations  going  on  in  the  construction  of  the  six-wheeled  engine,  the 
advocates  of  them  are  evidenUy  less  confident  in  Uieir  superiority ;  and  it  is 
most  gratifying  to  us  that  the  advantages  to  be  gained  by  the  use  of  inside 
iraming,  which  we  then  pointed  out,  are  now  tacitiy  admitted  y  our  opponents 
of  the  greatest  practical  experience,  who  are  gradually  abandoning  the  outside 
frame*  «k 
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"  Mwn.  BiOy  inJ  Co.  attnswlHlca  U 


thfl  faiiT-vh«eled  vn^lnc 


re  i^d,  Utlmggmuui.    Tbo  pnblk,  Indbding  Qt 
■n  jbiDi.    The  -w^  to  -"hit 


iiitbjot 


™;  *u3«t 


more  general,  Ihe  third  pair  of 
leas,  but  really  tending  very  niuterially  to 
nronuL-e  IhnsB  accidents  which  they  are  >u])poHed  to  guard  agsjiiat. 

30.  Indisputable  proof  hoi  been  furnished,  that  an  engine  with  iandt  framing 
<«nnot  coDie  down  by  the  breakage  of  on  axle ;  an  engine,  therefore,  li  equally 
«afe  oa  that  plan  of  coastmction  whether  no  four,  six.  or  eight  wheels. 


■uUMIItel;,  ll1>  l)e)lFved 


SI.  The  advontagei  of  four- wheeled  engineg,  on  our  plan  of  conatruction,  we 

uiaiiiUiin  to  be  the  following:  Isl.  The  engine  on  four  wheeU  la  lew  costly 

than  the  one  on  six  wheels;  therefore  to  have  the  lame  number  of  eagitiM,  or 

the  same  power,  on  a  line  uf  railway,  much  leu  outlay  of  capital  I*  required. 

"  Tb«fbnr-frhHJedengtD0«iffht  lobvltHMallytbAa  thv  lEx-wbseled  vngliw,  but  ht[lwr1a, 

1  btUen,  thu  h»  mH  Ihbd  Ibasut.    Ad  addilloul  BtuDlier  of  InftrinitiiglBU,  at  «|ibI 

Domlnil  pmrcT,  will  be  wtnlnd  Is  tvetatalt  6»  the  imiUtt  pone  oT  euh  (ililnf  fnm 

thut  lnb(liir(t)r,  u  may  bi  Kea  so  Iba  Lndw  end  Binnlngliiim  ud  Gniul  Jimgtln 

mawiyi.    Tb<  Londw  ud  Blnninghun  RiDwir  Campur  emplojr  Iws  englDn  te  dnir 

■usbtnlniu  aiadnvn  al  rull  u  Ufh  >ip«d  ItfenB  angina  on  Uie  Onnd  JunciiBn 

Bflwij.  BlUiaagb.  on  tbe  Ultn  line,  the  englnei  ue  vliu  an  now  called  lOuU." 

32.  2d.  It  allows  the  cn^ina  to  be  got  into  less  space,  consequently  it  b 
more  compact,  firmer,  less  likely  to  derangement,  and  much  lighter. 

loD^rlliaji  Lhfl  ■li-wheeLed  eajtoe." 

33.  3d.  Though  the  engine  is  lighter,  the  adhesion  is  more  perfect,  from  the 
weight  on  the  dniing  wheels  remaining  nearly  uniform,  however  unequal  or  out 
of  level  the  rails  may  be;  but  in  the  engine  with  six  wheels  the  odhcaion  Isonen 
imperfect  (arising  from  the  impouibitity  of  mathematical  ptecliuon  ju  mnintatn- 
inp  null  on  the  level.)  although  there  may  be  fully  as  much  weight  otr  the 
driving  wheels  generally ;  that  ii,  the  fore  and  hind  wheels  lometimea  carry  the 
greatest  part  of  the  engine.  When  the  driving  wheels  get  into  an  uneven  port 
of  the  road,  and  the  constant  action  of  the  power  of  the  engine  is  not  resisted 
b)  the  adhesion  at  these  pointa,  the  driving  wheels  revolve  without  properly 
advancing  the  trun,  as  every  observant  traveller  knows ;  and  all  weight  carried 
beyond  wliat  is  necessary  for  adhesion  on  the  rails,  is  an  unproGtable  toad, 
There  is  much  loss  of  Ibis  in  the  four-wheeled  than  the  six-wheeled  engine, 
■eeing  that  there  is  only  one  pair  of  wheels  used  for  adhesion  both  in  the  four 
and  sis-wheeled  engine,  when  used  for  passenger  traffic ;  hut,  as  the  four- 
wheeled  engine  is  lighter  than  the  six-wheeled  engine,  there  is  less  power 
required  to  take  it  up  the  inclines,  and  therefore  more  available  power  left 
applicable  to  the  traction  of  the  train. 

"  The  ueumed  (upoilorlty  of  four-vheeted  englnef  would  be  more  rtBdO;  Iwlievid  bj 
IlilKIl  pnprlelDn.  If  Meiln.  BDry  ipd  Cu.  would  mntruEE  Ihcm  llxl  >  greater  emauilt 


wheeled  eniilnedo  run  off  Ihe  llneio  (lnl|hl  juni.lia  Inci  IncoDtroTcnlbtr  rttablhhed 
by  the  eiMrieim  of  ihe  BwluTi  Cminlkt,  Ibe  London  ud  Srlibton,  anil  the  Pult  ud 
VeMillM  rdlwsyfc" 

3i    5lh.  It  is  more  economical  in  the  working,  requiring  less  fuel,  there  being 
also  a  less  amount  of  depreciation,  as  there  are  fewer  parts  in  motion,  coiise- 

Sienily,  less  frictiou,  or  wear  and  tear,  and  fewer  parts  to  maintain ;  and  even 
oae   B.-e   mote  easily  got   al,    therefore  much  less  eipcnae  is   incurred  in 
those  repairs  which  are  common  to  both  plau. 

"l!vei]rpoiDlUithliparicri;ibleJmIUienvi-iieu[Ibe  liulb. ' 


BUBY,  CURTIS  AND  KENNEDY'S  CIRCl'LAR.  465 

3d.  6tlL  The  bufldingi,  tarn-tablet,  lathei,  driUi,  imithiei,  and  other  cottly 
ouoTeoieneet  npcewry  for  the  maintenance  and  repair  of  the  engines,  are  not 
required  on  lo  large  and  extensive  scale,  as  the  engme  on  four  wheels  is  less  in 
sise  than  the  one  on  six  wheeb. 


«< 


TIm  wholt  of  thii  la  st  TsrUBce  with  fketo,  esraepC  to  much  m  refen  to  the  tiao  of  the 


37.  7th.  As  the  engine  is  more  simple  in  its  form  and  parts,  there  are  fewer 
chances  of  delajrs,  stoppages,  and  disappointments  during  the  joumeyi^  or  the 
timM  of  taking  the  trams. 

*■  WhstOTtr  tfao  ' chaneoir  may  be,  what  are  the  taeUf  Hot  only  have  the  greateet  niun- 
bor  of  aoeldenta  happened  with  four-wheeled  enfinee,  but  thoM  aoeidenta  hare  been 
■OMBff  the  moot  diiuiRNis  that  have  occurred." 

38.  Whilst^  therefdnre,  those  individuals  who  have  advocated  the  use  of  the 
fiz-wheeled  engines  are  constantly  changing  their  ideas,  at  one  time  adopting 
a  laree  fire-box  with  the  outside  frame,  and  the  addition  of  a  third  pair  of 
wheds  behind  the  heavy  box  to  carry  it,  then  changing  to  the  small  fire-box, 
with  the  third  pair  of  wheels  placed  before  it,  and,  subsequently,  by  the  tardy 
adoption  of  the  mside  frame ;  we  have  been  steadily  persevering  with  our 
original  plan,  of  engines  on  four  wheels,  which  is  now  Drought  to  a  state  of 
perfection  for  power  and  economy  far  beyond  anjrthine  we  could  have  expected. 
In  proof  of  this,  we  can  confidently  refer  to  the  London  and  Birmingham,  the 
Eastern  Counties,  the  Midland  Counties,  the  North  Union,  the  Lancaster  and 
Preston,  and  the  Manchester,  Bolton  and  Bury  railways,  which  are  worked 
exdusivelv  with  the  form  of  engine  we  have  adhered  to ;  and  also  to  the  Edin- 
burgh and  Glasgow,  Glasgow  and  Ayr,  and  Runcorn  Gap  and  St  Helen's,  and 
several  other  lines  which  nave  in  part  adopted  it. 

39.  In  justice  to  ourselves  we  have  thought  it  right  to  lay  these  remarks 
before  the  public,  at  the  same  time  that  we  are  quite  ready  to  construct  engines 
upon  six,  or  any  other  .number  of  wheels,  freeing  ourselves  from  the  responsi- 
bdity  of  the  consequence  of  any  otlier  plan  than  our  own ;  and  only  requesting 
that  such  of  our  firiends  and  the  public  as  may  entrust  their  orders  t9  us  wifi 
permit  us  at  least,  for  the  safety  m  travellers,  and  our  own  credit,  to  aihere  to 
inside  firaming. 

Burt,  Curtis,  and  Kxrnedt. 

'*  It  appears  firom  this,  that  the  four-wheeled  en^ne  '  has  been  steadHy  gaintog  ground, 
until  Messrs.  Burr  and  Co.  hare  discoTered  that  it  would  be  more  profltable  to  make  six- 
wheeled  engines  than — to  close  their  works.'*  February  S,  IMS. 

We  were  unwilling  to  interrupt  the  continuity  of  the  foregoing  controversy 
by  any  remarks  of  our  own,  as  tney  would  perhaps  have  cau^  some  confusion 
as  to  their  authorship ;  but  we  will  now  briefly  observe,  that  some  parts  of  the 
replies  of  the  ''  Practical  Engineer"  are  somewhat  irrelevant  to  the  subject,  and 
or  no  public  interest;  which  would  have  been  avoided,  bad  Messrs.  Bury  and 
Co.  expressed  themselves  with  more  discrimination  as  to  the  origin  of  the  par- 
ticular arrangements  of  construction  they  alluded  to.  For  our  own  parts,  we 
never  for  a  moment  supposed  that  those  gentlemen  meant  to  lay  a  claim  of 
invention  to  four-ioheeUa  engines,  or  to  innde  framing ; — ^because  it  must  have 
been  notorious  to  the  most  superficial  observers,  that  those  modes  of  construc- 
tion were  more  extensively  adopted  than  any  other,  in  the  early  locomotive 
engines.  But  We  regarded  the  ooservations  in  their  circular,  which  gave  rise  to 
the  animadversions  of  the  **  Practical  Engineer,"  merely  as  a  defence  of  those 
arrangements  which  long  practical  experience  in  manu&cturing  for  the  most 
successful  line  of  railway  in  the  kingdom  (where  they  have  been  undeviatingly 
used,)  had  led  them  to  consider  the  best :  and  which  circumstance,  we  may 
add,  has  earned  for  them  a  high  reputation  as  practical  engineers. 

We  shall  here  annex  Messrs.  Bury  and  Co.*s  diagrams,  explanatory  of 
ihe  effects  of  inside  and  outside  framings  in  the  case  of  a  broken  axle,  alluded 
to  in  the  preceding  circular  at  page  462. 
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%.  1. 


'a 


7 


Bg.Z. 


Fig.  2. 


Fig.^ 


Explanation  atFlfi$.  1  and  S.  In  this  Engine 
the  bearings  are  tnaide  the  wheels,  and 
the  weight  of  the  engine  and  boiler  is 
eartled  at  A  A.  The  tendency  of  the  axle 
therefore  is  to  bend  downwards  In  the 
centre,  whflst  the  preasore  of  the  flange 
against  the  rails  in  going  round  curres 
hjMacontrarirtendenqr.  Thus,  one  strain 
eounteracts  the  eflkcts  of  the  other;  and, 
if  the  aide  breaks,  the  wheels  can  spread 
oat  no  fiufber  below  than  the  amoontof 
aUowanoe  for  play  between  the  flange  of 
the  wheel  and  uer^  The  wheels  there- 
fon  being  oonflned  between  the  rails  l^ 
the  flange  pressing  against  the  inside  of 
the  rails,  may  proceed  with  safety  to  the 
nextstadon. 


Explanation  of  F^,  S  and  4.  The  grarity  or 
insistent  weight  of  this  Engine  with  out- 
side fhune,  is  carried  at  B  B  outside  the 
wheels.  The  grarity  of  the  entire  engine 
and  bofler  in  this  case,  tends  to  bend  the 
axle  upwards  in  the  middle,  and  the 
pressure  of  Uie  flange  of  the  wheels  against 
the  rails  in  going  round  enrres,  acts  bi  the 
same  direction,  and  in  addition  to  it. 
This  continued  bending  of*  the  axle 
destroys  the  flbre  of  the  iron,  and  ulti- 
mi^ly  it  breaks ;  and  when  it  is  broken, 
thA  tendency  of  the  axle  upwards,  as 
before  shown,  forces  the  wheels  between 
the  rails,  there  being  no  ontside  flange  to 
'  proTent  it,  asis shownin  Fig,  S. 


Had  we  •pace  to  go  into  the  eubject  at  large,  we  eoold  sbow  by  reference  to 
authentic  official  documents  that  '*  A  Practical  Engineer  *'  has  committed 
himself  on  seyeral  points,  but  we  have  only  room  t6  admit  a  short  letter, 
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addwad  to  the  Editor  of  the  Mecluuiics'  Maganne,  n^ed  J.  G.  S.  (voL 
zzxvn.  page  246,)  which  completely  disproret  the  aisertiont  of  the  before 
mentioiied  gentleman  on  some  very  important  pmnts.  The  letter  ttatesy 
**  Tour  correspondent,  the  '  Practical  Engineer,'  aaserti,  that  the  engines  of 
Memn.  Burr  and  Co.  on  the  London  and  Birmingham  railway,  consume  more 
coke  per  mile  per  carriage,  than  those  on  the  Liverpool  and  Manchester. 
He  alio  says,  tnat,  on  the  Grand  Junction  railway,  one  engine  u  employed  to 
draw  a  train  of  e^nal  weight,  and  at  an  equal*  speed,  to  one  which  on  the 
London  and  Birmmgham  requires  two  engines.  Mow,  the  annexed  taUes  will 
show  the  oppoik§  to  be  the  case  on  the  Grand  Junction ;  and  from  Time-tables 
in  Pambours  Treatise  on  the  Locomotive  Engine  (pp.  312, 313)  I  find  the 
aTorage  quantity  of  coke  consumed  on  the  Liverpool  and  BCanchester  to  be 
about  the  same  as  on  the  Birmingham,  though  in  no  case  does  it  average  so 
low  as  29lbB.  per  ton  per  mile,  as  in  the  annexed  tables.  The  '  Praddcal 
Engineer  '  tajn  also^  that  in  his  opinion,  Messrs.  Bury  and  Co's.  inside  frame 
is  veijr  defective  in  point  of  durability.  Perhaps  he  will  five  his  reoioru  for 
Chinking  so,  and  show  the  advantage  of  the  heavy  outside  nramlng  of  wood. 

"  J.  G.  S." 

XXFSRIllBlfTS  Oa  THB  ORAND  JUMCTION  LIHX. 

NnuB  of  EagiiM.  Date.         OrouLoad    Mean  Speed      Coke  pec        Coke  per 

iaTona.         inMUea.       Mileinlba.    ton  per  mile. 

PHALARI8 ^  Waiiel I  ......59.1......  23.05 ....S7.0S —..."^l ^ 


/Hay  S0..».\ 

I  May  31 1 

•••  l*uDS  !•  ....I  ......09. Z......  .....23.05 ......    ..•.•97.09... ...   a......* 

VJune  5 / 

tJune  5.  ..»\ 
juji^  J        I  ......So.  7....M  ..... 22.53. M...  ••••••54.3......  m.....'vO....... 
Jnne  8 J 

(Jane  11....) 
Jane  12....}  ......52.8 22.80 41.9.« '79....... 
#ane  13....J 
{June  14....^ 
June  ld....V  ......62.6 ....22.08......  ......S8.5 -61 
June  16....) 


BXPSRIICENT8  ON  THE  LONDON  AMD  BiaMIVOMAM  LIHB* 

Description*  of  En-   GroM  Load    MeMi  Rates.     Coke  per 
gines.  in  Tons.  ton  per  mile. 


Twelre    inch  Cylin-)  50.15 30.51. ..m.  ...-..'47 . 

derf   and     5    fcetj  70.95 .28.53 '43 

Wheels *  81.61 21.85.» '35 

Twelve  inch    Cylin-\  50.77 31.29 „.*55 

den    and    5    feetj  69.76 29.82......  SI 

wneei*  ..a...... ....../  .....o.i.ds......  .....iv.fz......  .......'29.U.... 

Aicending  of  Inclined  Planes, — ^One  of  the  chief  difficulties  in  the  application 
of  locomotive  carriages  to  railways  has  been  to  obtain  sufficient  mction  or 
adhesion  between  the  driving  wheek  and  the  rails  to  cause  them  to  ascend 
planes  of  considerable  inclination,  as  the  wheels  are  in  such  cases  apt  to  be 
turned  round  without  advancing  the  carriage.  To  prevent  this,  Messrs.  V  ignoles 
and  Ericsson,  by  their  patent  of  1830,  proposed  to  introduce  a  third  or  friction 
rail  between  the  two  bearing  rails.  Tms  friction  rail  consists  of  a  flat  piece  of 
iron  extending  along  the  middle  of  the  road,  and  securely  fixed  in  a  vertical 
position,  as  represented  in  section  in  the  annexed  figure.  On  each  side  of  this 
friction  rail,  wnich  is  made  of  considerable  depth,  is  placed  a  horizontal  friction 
roller,  as  shown  at  c,  d;  the  roller  c  beine  made  considerably  larger  than  d^ 
and  fixed  upon  its  vertical  shaft  e,  while  a  is  permitted  to  turn  freely  on  its 
vertical  shau  /.  On  the  driving  axis  g  is  fixed  a  bevel  wheel  A,  which  turns 
another  bevel  wheel  s,  fixed  upon  the  vertical  shall  e  of  the  driving  roller  e. 
The  bearings  of  this  driving  roller  and  its  shaft  are  firmly  fixed  to  the  under 
side  of  the  locomotive  carriage  by  the  block  shown  at  k,  and  the  bearings  of 
the  friction  roller  d  are  nmged  to  the  block  at  /,  that  it  may  at  pleasure  be 
pressed  a^inst  the  friction  rail  a,  by  the  lever  m.  This  lever  is  wrought  by 
oringing  it  within  reach  of  the  engineer  or  his  assistant,  who,  acting  upon  the 


tua 
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long  nno  of  a  powerful  levsr,  ceutes  any  degree  of  presiure  upon  tlie  fiktion 
rnil  by  nipping  il  betvucn  Ihe  rollen  c,  d;  at  the  tame  lime  Che  driving  wlieeli 
n  and  o  of  the  carriage  are  rcileased,  and  perinilted  to  turn  independently  of 
the  driving  axis?,  by  shifting  the  binding  Tntgip.ij.  Whpn  (lie  flietion  driving 
appBratiu  ii  Ja  action,  the  wheeli  ■  and  o  b«oome  *irn[>ly  lupporling  wheeli 


and  run  on 

driving  n]ii>  i.     •      .■  .■  ■  .,     ■   ■ , 

put  in  moliuii  lliiough  ilie  mpcliimi  of  llie  Jriving  axis,  by  tlie  Eieam  tiigiiiy 

employed  to  actuate  tho  driving  wheels  of  the  lunal  eonitruction,  or  a  lepatate 

oyliuder  may  be  employed  to  give  motion  to  Ihe  palent  driving  apparatus. 

The  depth  of  the  friction  rail  a  must  necesiarily  be  varied  to  correspoud  with 

the  inclinalion  oF  ihe  Heepeat  plane  on  which  it  ji  lo  be  applied. 

There  is  evidently  coiiuderable  ingenuity  displayed  in  these  arrangements: 
but  we  doiibl  whether  Ihe  patentees  have  hit  upon  the  readiest  way  of  obtaining 
an  increase  of  adhesion  by  an  increase  of  the  surface,  and  pressure  of  ihe 
moveable  and  BtatJoiiary  parts  in  contact. 

KoUraiBi't  Locotaolive  Gaiilei, — To  prevent  locomotives  running  ofT  their 
lines  of  rails,  Mr.  G.  A.  Kollmun  pronosed  (by  his  patent  of  1836)  to  attach  a 
veitical  aim  or  bracket  underneath  the  carriage,  furnished  with  anti-friction 
rollers,  that  bear  laterally  against  a  central  rail,  to  be  placed  midway  between 
the  ordinary  rails.  He  propmed  two  modes  ofeiFecting  Ihia,  vthicb  dilTer  but 
slightly  from  a  variety  of  suggestions  of  the  same  kind,  tmd  for  the  same  object, 
but  as  there  were  ilrenuous  elTorts  mndeashort  time  since  to  get  Mr.  Koltman's 
plans  adopted  on  certain  tines,  we  feel  it  incumbent  upon  us  to  give  a  brief 
description  of  them.  The  lirst  mode  was  to  form  a  trench  with  a  metallic  case 
to  il  below  the  surface  of  the  road,  and  to  cnuie  the  anli-Ftiction  rollers  lo  act 
•gainst  the  sides  of  the  case ;  the  second  was  to  fix  a  middle  guide  roil  above 
the  .ground  and  cause  friction  rollers  to  operate  on  each  side  of  it. 

In  the  annexed  cul  Fig.  1,  is  represented  at  a  ihe  vertical  arm,  eilendii 
from  tha  under  part  of  a  rail-road  carriage;  to  which  arm,  u  an  i 


;%     I 
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ftMaamlUrtii  attaGlMd;  cu  (b«  metmllie  eua  to  tbe.tmich;  agwiU  tin 
mJm  olwbUk  dM  roOar  ii  ialeDded  to  Mt,  m  the  earruga  tnTcli  alonr,  the 
whwh  tlwiaA  tn  iiwhiiuad  &aii)niniiiiig<ffthBnili,  by  theflangM  ddnat 


Ai.  SaadSKenplmtofyof  theollieriiiode 
OmU.    Al  «  k  «M  TBtiMl  •!!»;  b,  b  the  «iiij- 
fllullw  nOvB  aativ  igalnM  ths  adM  of  tha  middle 
nDcM  the  emte*  procMdi,  tlw  brawl  top  if  of  the 
Mid  rail  kaqing  I&     "  "    '"  '"^  '" 

Tnttng  Ai  euii^  _-— q-    -  — 

giddanee  rfttw  «uiiiae  in  ita  titiB  come 

to  bttwo  pair  ef  tolhnt,  i,  placed  at  a  riwrt  diitinee  one  betbre  the  otlier, 

and  nwoBtad  ia  a  frame  of  the  kind  ddineated  in  the  annned  Hff.  3. 

tee  appear*  to  be  aware  <^  the  paucitj  ol  originally  in  bii  Mhemtf, 
hii  claim  to  in*enlioii  in  the  ap^cation  of  the  "  top  flangei,  lo 
t  eairiege  rinng." — Leitdm  JornwO,  far  JtJjf,  1841. 

(  Gmfa  WittU  md  tu»d  m  rattMy^In  1844  ■^  r.  W.  ProMcr 
patent  fiw  "  Imporementa  in  the  conttructton  of  railwaji  and  in 
B  ran  thenon :"  the  latter  inprorement  coouMing  in  the  removal 

_  .1. i_v —  y  jjij  bearing  wheeli,  and  lubtti- 

„nide  wbeeh  attached  to  the  fnone 
crfdweani^*.  ittoe  goide  wheel*  «ere  dcoiaed  chiefly  with  reference  to  Mr. 
riuemi'*  improTemeut*  in  the  conitnictiMi  of  reilwaj^  in  which  he  propoicd 
to  Mibftitnte  fer  Uie  iron  taili,aintiouoiu  beaiinea  ofgolid  KyanUed  timber. 
Bi^ai  thtaeguidewheeli  are  applicable  on  railwByBoftheonliDarj  ei 


of  dia  pdiing  flange*  from  the  periphe^  ot  tlie  h 
Uiag  HT  them  apecnliar  arrangement  i^  guide  wl 
erf  di*  eaniM*.  Tneoe  guide  wheel*  were  dcviaed  cl 


rratiKemeDt  appean  to  exhibit  conaiderable  innnuity,  and  lo 
potteaa  mneti  practical  merit,  we  lubjoin  a  ibort  deicription  of  it  We  may 
ebacrre  that  the  idea  of  employing  guide  wbeeli  inatead  of  flange*  on  the  bearing 
"     ■        •  '  -  -  -'-  "     -■  -  "  deed  we  have  in  the 


idrantage, 
upport  the  canitge  and 


arhaela  lo  keep  the  carriagea  on  the  raila  ia  not  new;  indeed  we  have  ii 
eottne  of  Ulil  treatue  noticed  aeveral  plana  for  thia  purpoae,  but  we  believe  toal 
Vy  all  pnnau*  amiuemenla  a  third  or  additional  rail  waa  required  for  ibe 
giiid«a  to  act  upon  i  whereuin  Mr.Proaaer'a  plan  no  additional  nil  i« 
M  the  guide*  act  upon  the  bearing  raila,  and  poea 
dial  in  the  erent  of  Breaking  of  an  axle  they  would 
enable  it  to  continue  it*  courae. 

An  end  view  of  a  locomotive  with  Iheae  guide  wheel*  attached  i*  given  in 
dM  lollowing  en^nng. 

«  a  u  the  engine  frame,  b,  b  the  bearing  wheel*,  c,  e  the  wooden  longitudinal 
hi  aim  a  before  mentioned ;  but  for  which  may  be  tnbttituted  the  ordinatr  iron 
nib:  i^  J  are  the  guide  wheel*  tumiiw  upon  pivot*  in  a  ftamt  e  attached  to 
the  end  of  the  frame  of  the  engine.  Theee  wheel*  are  placed  at  an  angle  of 
4A*  with  the  horiion,  and  have  an  angular  groove  in  their  periphery,  one  face 
tS  the  groove  being  horizontal,  or  pnallel  to  the  Mir&ce  of  the  rail,  and  the 
odierfteebmnK  vertical  or  parallel  lotbe  ride  of  the  rail.  The  diatance  between 
dia  giude  wheel*  ii  a  little  le«*  than  the  di*tance.hetween  the  rail*,  lo  that  when 
die  ewriage  i*  proceeding  in  a  etraight  direction  the  guide  wheel*  do  not  come 
in  contact  with  the  raila;  but  when  the  carriage  deviate*  to  one  aide,  the  guide 
wbeda  on  that  ride  are  brought  immediately  into  action,  and  prevent  further 
detiatinn. 
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Mr.  Proiacr'i  rails  and  vhe«U  have,  we  believe,  been  adopted  on  the  Guildford 
and  lome  uther  linea  of  nilnray. 


Sttp/ienion'i  Compound  Attu. — fa  the  BpecificAEjciD  of  a  patent  granted  to 
Mi.  KoIjI.  Slephengon  in  BS31,  be  iDfornu  u«  that  in  the  csTriagea  previoualjr 
U(ed  on  the  Mancbeitct  and  Liverpool  railway,  each  pair  of  wheeli  wu  fixed 
faat  on  Che  two  ojjpoiite  endi  of  a  long  aolid  axis,  which  revolved  with  the 
wheels,  and  the  two  extremitiea  of  the  solid  axis,  which  projected  ihmughtbe 
;■  of  the  wheeli,  were  formed  into  pivot«  or  gudgeoni  and  were  received 
into  Builnblc  aocketi,  whereon  ihe  weight  of  the  carriage  waa  borne  b;  the 
coDcavitiee  of  ifaose  aocketi  presaing  downward!  upon  the  pivoti.  In  traiellinr 
with  great  rapidity,  the  aoid  pivota  required  a  copious  aupply  of  oil,  nnd  much 
of  it  waa  waited,  becauae  the  concavities  of  the  sockets  being  inacrted,  the 
oil  had  a  tendency  to  run  down  and  escape  from  the  placea  of  bearing  where 
it  waa  wanted.  According  to  the  improvement  of  1S31,  Mr.  Slepbenaon'a  plan 
coniiita  in  fixing  the  pair  of  carriage  wheels  faat  upon  the  extreme  ends  of  * 
long  hallow,  or  tubular  axli.  wttbui  which  a  solid  central  axis  is  inserted, 
extending  through  all  the  length  of  the  hollow,  and  projecting  out  sufficiently 
beyond  each  of  the  hollow  axes  to  enable  (he  weight  of  the  carriaee  lo  be 
anpportcd  upon  the  projecting  ends  of  the  aolid  central  axia,  arDund  which  the 
hollow  axis  tuma,  logeUier  with  the  two  wheels,  which  ore  both  faatened  upon 
the  ends  of  the  hollow  axia,  to  prevent  one  wheel  from  advancing  either  faster 
or  alower  along  one  rail  than  the  otiiei  wheel  advances  along  the  other  rail. 

In  the  subjoined  figuree — Fig.  1  represents  a  vertical  sei;tion  through  the 
centre  of  the  wheel  lo  show  the  novel  arrangemenu  of  [he  parts,  and  Fig.  2  a 
side  vtevalion  of  Ihe  same. 

At  a  a  a  ii  the  aolid  axia,  enlarged  at  a ,  b  is  the  tubular  axis,  paaiing  throogfl 
the  central  bon  c  of  the  wheel  d  d,  and  liolted  to  the  aame  as  abown  at  e  «  «  • 
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braagh  ■  dndw  pkta/froaL  The  wtight  gf  ilu  cstfiagakM^portadstay 
ntiwpnriceliMT«rt(rtlwsziia;  which  ii  rconrri  into  >  nlid  neUI  (odiat 
i.vmd»  io  twolMlM^  and  tetevad  ti^lhcr  bj  Ibur  boUi  ■  i,  ud  two  rt«pla 
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B  ipriaei  it  dowB  aBtMi  ths  nppcT  flat  ddei  of  the 
■Ivcf  of  the  ncket  wn  bound  mmlr  together  by  the 
■uDionnaroandlheefidf  oftbetolid  axi*,  and  Mean*  thnutocether.  The 
oMv  end  «f  the  eocket  A  it  fitted  inla  a  veriieal  groove  fimned  la  the  ipaM 
between  the  pfonge  of  the  guide  plate  J^  which  la  ivewed  to  the  bonionlal  tide 
rul  ■  of  the  carnage,  ai  uown  in  Hg.  1,  and  pwjeeta  dmniwaid  therefroni. 
lie  on  if  (applied  at  an  apertnre  o,  prorided  with  a  aerew  ping,  and  find*  iti 
vaj  between  toe  rabUsi  nirftcci  of  the  axis,  and  the  portion  that  eieapee  part 
the  bearing!  ii  receired  mta  an  tnl  boi  n  ot  cart  iron,  made  in  two  halTe*  (br 
fitting  it  on  to  ita  place. 


Lotk'i  PaietU  Raibemf  WhetU. — Some  improvementa  in 
wheeb  for  railway  cairiagei  were  patented  <m  the  31it  of  Anguit,  1 830,  by 
Mr.  Wm.  Loch,  of  Beotom  Home,  in  Northumberland,  a,  genUeman  whote 
e^ierienee  and  knowledge  in  matteri  of  thii  kind  entitle*  hi*  miggeatioa*  to  the 
nof  the  public. 


Fig.l. 


Fig.2. 


F^.Z. 


The  nature  of  thii 


win  be  at  once  nnderatood  fi'oin  inipectioa  of 


■e  to  be  made  doTe-tailed  at  one  end,  and 
CMt  ii^  the  nare  »,  a*  thown  in  sectinD  at  c  ^  Fig.  2,    The  other  end  of  the 
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■poke  has  a  riffht  angular  crank  bend,  at  shown  at  f  f  f.  Fig,  1 ;  bebg  carried 
round  the  drde  to  the  next  spoke ;  and  thus  each  spoke  and  its  adjoining 
felloe  are  made  of  one  piece  of  iron.  Bf  means  of  the  crank  bend  at  Uie  end 
of  the  spokes,  one  felloe  is  permitted  to  pass  over  the  end  of  another,  and  at 
this  double  part  they  are  securely  fixed  together  by  strong  screws,  as  shown  by 
dotted  lines.  The  tire  is  formed  (in  passing  finally  through  the  rollers  at  the 
iron  works,)  with  a  recess  for  the  fello^  and  a  flange  to  keep  the  carriage 
on  the  railroad,  as  represented  at  a  a ;  and  it  is  to  be  heated  and  fitted  on  the 
wheel  in  the  usual  manner,  that  it  may  contract  and  firmly  grasp  the  wheel 
when  it  contracts  in  cooling.  The  ends  of  the  spokes,  too,  must  be  made  hot 
before  the  nave  u  cast  upon  them,  that  the  junction  of  the  two  metals  may  be 
the  more  perfect  It  is  stated  that  it  may  be  sometimes  found  more  convenient 
to  weld  several  pieces  of  iron  together  than  to  bend  one  piece  twice  at  right 
angles.  It  is  likewise  stated  that  the  spoke  may  betsometunes  with  advantage 
welded  on  the  middle  of  a  piece  extending  along  a  ring  constituting  the  felloes 
in  both  directions. 

Lessening  the  vibration  and  noise  of  Railway  Wheels, — It  is  now  generally 
understood  that  the  rapid  deterioration  as  regards  the  strength  of  railway 
wheels  and  axles,  is  chiefly  caused  by  the  intense  vibration  to  which  they  are 
subjected.  This  can  readily  be  made  evident : — if  the  journal  of  an  old  railway 
axle  is  struck  with  a  smith's  hammer,  it  will  in  many  cases  break  off  with  a 
single  blow;  presenting  at  the  fractured  part  a  weak  brittle  appearance ;  wliereas 
the  journal  of  a  new  axle  will  take  several  hundred  blows  before  breaking, 
a  tough  fibrous  appearance  being  presented  at  the  fractured  part. 

Mr.  Lipscomb  s  apparatus  for  preventing  the  vibration  of  wheels  is  very 
■imnle,  and  we  believe  efficacious.  It  has  been  applied,  we  understand,  to  one 
of  tne  Royal  carriages  on  the  Birmingham  and  London  railway.  It  consists 
of  a  plate  of  zinc  placed  on  each  side  of  a  wheel,  for  the  purpose  of  retaining 
saw-Gust  in  contact  with  part  of  the  rim  and  spokes ;  each  plate  has  two  wooden 
rings  of  unequal  size  permanently  fixed  to  it ;  the  external  diameter  of  the 


smaller  ring,  and  the  internal  diameter  of  the  larger  ring  are  shown  by  dotted 
circles  in  the  annexed  figure,  and  are  likewise  flush  with  the  edges  of  the  zinc 
plates.  The  combined  depth  of  the  corresponding  rings  is  equal  in  width  to 
the  tyre;  these  rings  meet  and  are  screwed  together,  certain  parts  of  the  rings 
being  cut  away  to  let  in  the  spokes.    By  a  reference  to  the  figure  it  will   be 
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■a  Hw  HIV  vavm  va  toe  ^vkbvi  hjoidjd^  tuv  ubtv  una  tyt^  «iv  int  VApvavu 

V  te  panoM  of  natidM  any  dafect  which  maj  lake  pUee  in  ttiMa  patt> 
TIm  iMMtaa  mtif  b«  Stttehad  Irom  ths  wbaal,  by  ^itaptj  taking  out  Aa 
*•«■  mA  hoU  Oa  mnmndiiig  linp  tag<rtltar,  and  it  appliaU^  with 


J  linn  togalher,  and  it  applicaU^  « 

iflcht  maJifcaawMi  to  all  oiitiDg  matal  wbadt.     The  coat  of  die  tppn* 
ii  IJ.  par  lAaa^  and  it  will  laat  for  many  yean. 

Wbada  ftiBHd  of  a  eanUnadon  of  wood  and  inn  an  fat  partial  uie  iqian 
waa»  nDwm  fer  fta  pntpoae  of  dtcraawng  noin  and  vibratioB.  which  tSi 
t^gt,  mitmbtlmtng,  to  a  veiy  canaidMaUe  aztent. 

DbOt'B  natb. — At  dw  meeting  of  the  Britiih  AModation  at  Gla^w  in 
1*40^  Hr.  B.  Nieka  aidilUtad  a  whed  of  a  nord  eotutinetion,  invantad  by 
Iba,  iMA  had  been  nraning  foe  aereral  week*  on  the  SL  Helen'*  nilway 
«ift  my  urtifartay  nanlta.  Tha  conatnietiaD  of  the  wheel  will  be  imda- 
'  d  by  imagining  an  ordinary  ipoked  wheel,  but  with  a  da^  ehamiellad  tyre, 
Man  hi  f!f.  S.  In  dii*  channel  are  ineerted  block*  of  AfHean  oak, 
■bant  4  in.  by  3i  in.,  prepared  l»  fiOing  the  poree  with  nndiioa* 
1^  to  eonntaraet  the  ^eet*  of  e^iLDaiy  attraction  in  regard  to  any 
wai  wr  oampne**,  by  wbidi  it  becomea  imperriaii*  to  dlher.  There  are  about 
n  of  theaa  block*  rmmd  each  wheel,  cut  ao  a*  to  fit  reiy  exactly,  and  with 
tha  grain  placed  vertically  throoghout,  fbrning  a  kind  of  wooden  tyre,  each 
blott  badng  tcbuned  in  it*  place  by  one  oe  two  boitt  ligt.  3  and  1,  the  two 
ride*  vt  cbund  haTlng  correipanduig  hole*  drilled  throogfa  them  te  Ihb 
porpoae.  lie  bolli  ere  altn^ird*  all  well  riveted.  After  bung  ao  fitted, 
the  wheel  m  tamed  in  a  lathe  after  the  otdinaiy  numieT  of  tnminK  iron  tyi«% 
when  it  ecqniTee  all  the  appearaDce  of  a  common  railway  wheel,  but  with  an 
oiiter  wooden  rim,  and  the  flange  only  of  iroo.  Mr.  Dircki  propoeed  tuing 
t  woodi,  and  Tirion*  chemical  preparationi  to  prevent  the 
'  '» the  pore*  of  the  wood;  he  alao  eonteuplatea  die  nnug 


The  annexed  ^nrei  repre*ent  one  of  thete  wheels.  Fig.  1   being  a 
oleratioii,  (putly  m  Kction,)  and  Fig.  2,  a  Tcrtical  aeclion  thnmgh  tM  li 
VOL.  ti.  3  o 
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n  tlirougli  B  circnlu 


a  U  Iha  boas ;  ft  4  the  arms ;  and  e  e  tbe  rim  or  felly  of  tliB  wUeel,  having' 
deep  ilsnclies  ddon  eacb  aide,  running  a  circular  groove  or  Irough  round  tbe 
periphery  of  ibe  wbec).  In  this  groove  or  troui-b  are  inserted  ibc  blocki  of 
wood  e  e  (before  mentioned),  which  aru  retained  in  Ibeir  places  by  bolU// 
paiaiug  thiougb  them,  and  riveted  ouCaide  the  flstichci.  Tbe  leteral  adTauUKC* 
wbieb  tbis  wheel  poneHea,  are  TCpreiented  by  htm  to  br, — that  the  voodcQ 
tyre  will  wear  a  conBiderable  time  without  requiring  any  repair ;  that  tbe  tyre 
can  be  retoced  by  turning  it  up  agajii  in  the  lathe,  va  practiied  wicb  worn  iron 
tyreaj  tlial  il  can  be  re-tyred  with  wood  at  Utile  eipenie,  and  at  a  far  les*  loai 
of  time  than  uiual ;  and  that  bolh  la  tbe  operaliona  of  refacing  old  lyrea,  or 
putting  on  new  wood,  the  work  can  be  performed  without  the  lutul  labour  kod 
coal  of  unkeying,  aa  the  wbole  can  be  done  while  the  wheels  remain  on  the  axlei. 
One  very  important  advantage  yet  remabls,  and  that  a,  that  the  taiLi  tliemielvei 
will  suffer  leH  wear  by  uiing  these  wheels,  and  the  (iutcningi,  ileepeca,  and 
blocks,  not  be  nearly  so  much  Injured. 

Mode  of  Jixiiig  lubei  in  locomoliiv  boilen. — These  luhea  are  niade  of  the  best 
rolled  brass,  one  thirteenth  of  an  iiicli  thick,  t1iL-  edges  of  the  bran  are 
properly  chaniferred,  and  lapped  over  each  olber,  and  soldered  (ogetliei 
Milaet  being  applied  inside:  the  tubes  are  l'  ' 
iteel  die,  to  make  Ihem  truly 
cylindrical.  The  boles  to  receive 
them  ill  tbe  tube  plates  e  and  n, 
•re  bored  quite  cylindrical,  so  as 
to    fit  the   lubes   enactly,   which 


fixed  by  driving  in  a  Meel 
hoop  or  ferrule  made  slightly 
conical,  ai  shown  in  Fig.  I, 
which  is  a  leclion  full  siEe  of 
the  lube  a  a,  tbe  plate  in  which 
it  is  inserted,  ana  the  ferrules 
e  c;  the  ferrule  is  a  little  larger 
than  the  tube,  so  that  when 
driven  in,  it  compresses  the  tube 
very  forcibly  a^nit  the  sides 
of  the  hole,  and  makes  the  joint 
completely  walertigliL  The  fer- 
rules are  sometimes  made  of 
wrougbl-iroD,  but  ihey  generally 
do  not  last  out  the  tube  in  that 
CBije,  and  require  replacing  by 
ntw  ones  before  the  tubes  are 
worn  out.  The  steel  ferrules  are 
better,  as  they  last  nearly  twice  as 
long.  When  a  tube  or  ferrule  re- 
quires taking  out,  tbe  ferrule  is  to 
be  cut  quite  through  with  a  chisel 
and  then  turned  inwards,  so  as  to 
detach  it  from  the  tube,  which  can 
then  be  driven  out, 

IVater  Gouje.— In  order  to  show  tbe  height  of  the  water  in  the  boiler,  two 
Dielhods  are  employed ;  the  first  consisting  of  a  number  of  gauge  cocks  6xed 
at  2  or  3  inches  apart,  one  over  the  other,  by  luratng  which  in  suceesiion, 
the  engineer  ascertains  whether  they  are  open  to  water  or  steam :  the  other  is 
by  an  mitrument  called  the  water  gauge,  which  consists  of  a  strong  glass  tube 
a,  about  three  quartera  of  an  inch  diameter  outside,  fitted  into  a  brass  socket 
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6  6  at  top  and  bottomi  the  joints  being  made  steam  tight  by  hemp  packing 
pat  round  the  glass,  and  compressed  against  it  by  the  glands  e  e,  which  are 
screwed  in  round  the  glass.  From  each  of  the  socket 
pieces  b  a  tube  d  proceeds  with  a  cock  in  it,  and  a 
screw  on  the  end,  for  fixing  it  into  the  fire-box,  and  the 
piecetf  containinganother  cock  isscrewed  into  the  lower 
piece,  and  the  plug  /  into  the  upper  piece,  affording 
the  means  of  putting  the  glass  tube  down  into  its  place. 
When  the  two  cocks  in  dd  are  opened,  the  water  of 
the  boiler  rises  in  the  glass  tube  to  the  same  height  that 
it  is  in  the  boiler,  the  upper  part  of  the  glass  being 
filled  with  steam,  and  so  remains,  sheming  always 
the  level  of  the  water  in  the  boiler ;  the  cocks  are 
for  the  purpose  of  stopping  the  communication  when 
requireo,  from  the  gauge  being  out  of  order  or  other- 
wise. The  cock  in  the  piece  e  is  for  the  purpose  of 
clearing  out  the  gauge,  by  allowing  a  stream  of  water 
to  run  through  it,  and  it  is  often  necessary  to  open  it 
when  examining  the  gauge,  in  order  to  get  rid  of 
the  bubbles  of  steam  formed  by  the  rapid  ebullition  . 
of  the  water,  which  sometimes  render  it  difficult  to 
ascertain  the  precise  height  of  the  water.  The  difficulty 
is  also  increased  by  the  footion  of  the  engine,  pro- 
ducing oscillation  m  the  water,  but  the  disturbing 
effect  is  much  diminished  by  choking  the  tube  or 
making  the  communication  with  the  boiler  through 
the  tube  d  very  small,  so  as  to  impede  the  motion  of 
the  water  in  the  tubes.  A  small  plug  g  is  screwed  in 
opposite  each  tube  d,  to  afford  the  means  of  clearing 
out  the  tubes  d,  by  passing  a  wire  through  them 
when  the  plugs  g  are  taken  out. 

MelUng*s  water  athrhox, — Instead  of  the  ordinary 
thin  plate,  which  is  usually  suspended  below  the  furnace, 
for  the  purpose  of  receiving  the  falling  cinders, 
Mr.  Mellinff  employs  a  shallow  tank  containing  three  or  four  inches  depth  of 
water,  supplied  nrom  the  tender  by  means  of  a  pipe  and  stop-cock.  The  falling 
cinders,  and  the  radiating  heat  from  the  furnace,  consequently  heat  the  water 
in  the  tank,  which,  being  returned  into  the  tender,  raises  the  temperature  of  the 
water  therein,  and  effects  an  important  savin?  of  fuel.  To  render  this  operation 
self-acting,  the  boiler  is  furnished  with  a  btUl  valve,  loaded  with  dOlbs.  on  the 
square  inch,  so  that  at  such  pressure  the  steam  will  escape  and  pass  into  the 
water  tank,  and  become  condensed.  By  this  arrangement,  the  boiler  may  be 
always  supplied  with  water  at  or  near  the  boiling  point. 

Buffert  are  strong  elastic  cushions,  placed  at  each  end  of  the  carriage,  con- 
nected with  a  system  of  springs,  to  deaden  the  effects  of  concussion.  They 
are  variously  constructed. 

The  following  Fig.  1  represents  a  side  elevation  of  one  of  the  Dublin  and 
Kingstown  railway  carriages,  with  Mr.  Bergin's  invention  applied  to  the  same. 
Fig.  2  is  a  plan  of  the  under  part  of  the  same,  the  body  being  removed,  a  a 
represents  a  slight  frame,  made  of  two  similar  plates  of  iron,  screwed  to  each 
other  about  three  inches  apart,  and  resting  upon  turned  bearings  in  the  centres 
of  the  axles.  A  wrought-iron  tube  6  6,  about  three  inches  in  diameter,  the 
entire  length  of  the  carriage,  and  extending  about  two  feet  beyond  each  end, 
is  supported  on  this  frame  by  rollers,  which  allows  the  tube  to  be  moved  thereon 
lengthways  ¥rith  facility.  On  this  tube  is  placed,  at  either  end,  within  the  frame 
of  the  carriage,  about  four  feet  of  helical  springs  c  c,  of  graduated  strengths ; 
me  end  of  each  of  these  sets  of  springs  abuts  against  a  strong  collar  (/,  fixe  1  to 
:be  tube  6,  and  the  other  end  against  a  small  box  of  iron  attached  to  the  frame, 
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I  one  of  the  bearing  rollers  before  mentioDed,  tlio  will)  twa 
I'liction-rollert  retting  against  tbe  inner  side  of  tbe  carriage-franie  end.  To  each 
exlrpmity  of  the  tube  b!i  is  attached  a  buffer-head//,  by  mean*  of  a  rod  of  iron 
paisiiii;  Ibrough  the  tube,  and  connected  to  tlie  buiter-beadi  by  screwed  nuti 
sunken  below  their  lurTaces.     At  tlie  back  of  each  bufTer-head  it  a  cioai-bsr  t/. 

Fig.  1. 


Fig.  2. 
to  which,  by  chains  and  hooki,  tlie  carriages  are  attached  together.     This  appa- 
ratus lies  loosely  on  the  axles,  and  is  perfectly  independent  of  the  &anie-work 
of  the  carriage,  which  is  sualuned  by  springs  in  tlie  miul  manner ;   and  ibero 
are  long  vertical  alots  made  in  the  (rauiing,  tlirough  which  the  bufflng-lubc 

fiuues,  which  permits  the  frame  to  rise  or  fall,  according  to  the  pressure  of  the 
Dad  thereon,  without  aflecting  the  height  of  tbe  buffing  apparatus  above  th«  road. 
The  action  is  a*  follows : — The  train  being  moved  in  the  direction  of  the 
arrow,  the  locomotive  power  is  applied  to  the  cro9»-bar^,  and  draws  forward 
tbe  centrat  tube  6,  thereby  compressing  the  springs  c  c  between  the  collar  dd  ani 
the  friction  roller  box,  which  reals  against  the  end  of  the  carriage  frame,  with- 
out moving  the  latter,  until  tbe  clastic  force  of  the  compressed  springs  becomes 
sufficient  la  overcome  the  resistance  presented  by  the  friction  of  Ihecarriage  ai 
load.  The  carriage  then  begins  to  movefornard,  so  slowly  as  almost  to  be  ' 
ceptible  to  persons  seated  within  ;  the  second  and  each  succeeding  c 
in  the  train  is  by  similar  means  brought  from  a  state  of  rest  into  motia 
case  of  one  carriage  running  against  another,  the  resistance  is  offered  by  tlie 
furthest  end;  the  effect  being  to  drive  the  tuhe  fi  forward,  coinpreBting  the 
tprines  at  the  opposite  end  from  which  ihc  concussion  is  given,  and  the  carriage 
will  be  but  tittle  affected  by  the  blow,  until  the  elasticity  communicated  to 
the  iprings  by  compression  overpowers  the  resistance  of  the  carri^e,  which 
then  beeins  to  move,  actuated  by  a  force  just  sufhcient  to  start  it.  'Hie  coiled 
iprings  have  a  range  of  action  of  about  Iwo  feet,  beginning  to  be  compre>«ed 
by  a  force  equal  to  about  twenty  pounds,  and  presenting  a  total  resistance  tu 
entire  compression  of  upwards  of  two  tons.  A  tpring  of  this  strcnotb, 
the  patentee  states,  has  been  found  suitable  for  carriages  weiglibg,  when 
loaded,  about  four  tons.  It  will  be  observed,  that  the  entire  resistance 
to  the  oclion   of  tbe  springs  is  on   the  ends    of   the  carriage  frame  :   the 


mpe,^ 
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aiddk  of  eaeh  ii  armed  with  a  ttrong  ^ate  of  iron ,  about  fifteen  inches  equare, 
throiwh  which  paai  Hm  temion  rode,  h  A,  Fig.  2,  to,  the  outer  anklet  of  the 
opponte  enda  oi  the  firame ;  eonieqnentlj,  the  rode  receire  the  entire  force  of 
ne  epringa.  The  epringa  at  either  end  of  each  carriage  act  totally  independent 
of  thoee  at  the  other  end,  and  of  all  the  carriages  in  the  train,  except  that  to 
wludi  they  are  attaehed ;  each  has,  therefore,  to  bear  only  its  own  share  of  the 
resistance  of  the  entire  train,  the  sum  of  which  is  made  vcpdihe  separate 
of  all  the  springs  acted  upon. 


Malkt^M  BMf«rt.^Robert  Mallett,  Esq.  of  Dublin,  in  a  communication  to 
tfie  Editor  of  the  Meekame**  Magazine,  has  described  an  ingenious  a^  original 
plan  of  buffing,  an  extract  of  which  we  shall  proceed  to  give.  Mr.  Mallett 
oheenres ; — ^  Toe  employment  of  elastic  fluids  to  serre  as  springs,  has  been 
frequently  proposed,  and  occasionally  brought  into  practice,  but  never  upon  a 
aige  scale,  or  with  very  successful  results.  This  has  arisen,  principally,  from 
the  fiiet,  that  it  is  impossible  to  make  any  cylinder  and  piston,  or  any  rod  and 
stoffine  box,  absolutely  and  permanently  air-tight,  especially  under  the  efiects 
of  sudden  and  violent  compressions :  hence,  the  air,  or  other  elastic  fluid  used, 
hasalwa^rs  been  found  gradually  to  escape  from  the  vessel  provided  for  its 
compression,  leaving  the  whole  apparatus  tpringleas. 

'*  I  et,  if  this  difficulty  be  once  overcome,  the  advantages  accruing  from  the 
use  of  air  (as  the  most  available  elastic  fluid  we  have)  as  a  spring,  are 
very  great. 

'*  It  remains  asprinj^at  all  temperatures,  and  in  all  climates;  and  its  properties 
are  such,  that  the  resisting  energy  of  the  spring  increases  with  the  amount  of 
the  force  with  which  it  is  compressed  or  urged,  and,  by  a  suitable  arrangement^ 
may  be  made  to  increase  according  to  any  assignable  law. 

"  My  method  of  overcoming  the  one  great  obstacle  to  the  use  of  air  as  a  spring 
consists  in  confining  the  air  to  be  compressed  by  a  body  of  water,  or  other 
liquid;  and  is  based  on  the  well  known  fact,  that  joints  or  sliding  surfaces  can 

JF^.  1. 
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Fig,  2. 

readily  be  made  water-lightf  and  kept  so,  which  cannot  be  made  or  maintained 
air-tighL 

'*  In  the  month  of  February,  1836, 1  designed  a  set  of  buffing  apparatus  upon 
this  basis,  which  was  constructed  by  the  firm  with  which  I  am  connected,  and 
placed  on  the  Dublin  snd  Kingstown  railway,  attached  to  one  of  the  open 
passenger  carriages.  Fig,  1  shows  a  plan  of  the  under  carriage,  fitted  with  the 
buffing  apparatus ;   and  Fig.  2,  a  side  view  of  the  air  cylinder,  &c.  on  a  larger 
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■cRie.    The  lyBtem  of  thorough  buffing,  at  tnvenled  b;  Mr.  Berlin,  the  i         

g^nt  manager  of  the  rulvay,  is  in  use  upoa  ihe  Dublin  and  KingBtown  liufl. 
and  hence  was  adopted  in  the  hydro-pneumatic  buSer,  a>  then  designed,  a  a, 
ia  a  truly  bored  cylinder  of  cast-iron,  closed  at  each  end  by  a  cnver,  provided 
with  a  large  gland  or  stuffing-box,  through  which  the  buffer  rod  pauea,  being 
turned  truly  tile  b  piston  rod.  which,  in  fsct,  it  in.  The  buffet  rod,  g<Hng  frain 
end  to  end  of  the  carriage,  passes  tight  through  (he  cylinder,  and  carttes  a 
solid  piston,  packed  with  leather  collars  and  prensed  leather  caps,  which  when 
in  a.  state  of  repose  is  situated  in  the  middle  of  the  tcngtb  of  the  cylinder.  At 
b  b  are  two  air  veueli  of  a  cyliudrical  fomi,  with  hemiipherical  ends  cost  on 
to  the  cylbder,  and  gtandiag  vertical  upon  its  upper  side  vben  in  lilu.  The 
capacity  of  each  air  vessel  is  ei^ual  to  that  of  half  the  cylinder,  minus  the  hulk 
of  the  piston  and  included  portion  of  buffer  rod.  The  diameter  of  the  cylinder 
was  6  inches,  and  that  of  the  bufier  rods  2^  inches  of  solid  iron.  By  means  of 
a  suitably  situated  screw  plug,  the  whole  of  the  cylinder  was  filled  quite  full  of 
water,  leaving  Ihe  two  air-vessels  above  it  full  of  air,  which  by  a  condenung 
syringe,  was  brought  to  a  density  of  one  additional  stmoiphere,  or  to  about 
ISIbs.  per  squaie  inch,  plus  pressure. 

"  In  this  slate  of  things,  it  b  obvioui  ihift  any  force  acting  at  one  end  of  the 
hufier  rod  would  compress  the  air  in  one  air  vexsel  and  rarify  that  in  tlie  other, 
by  carrying  the  central  piston  rod  towards  one  end  of  the  cylinder,  and  thus 
driving  the  water  at  that  end  up  into  the  air  vessel.  It  is  also  plain  thai,  os 
the  water  trill  slwaysremain  at  the  lowest  port  of  the  vessel,  it  will  be  constantly 
interposed  between  the  air  and  the  only  possthle  places  of  escape  from  the 
cylinder,  namely,  the  end  covers  and  itumng  boxes.  Tlie  range  of  the  buffer- 
rod  was  limited  to  two  A^t — a  limit,  however,  which  it  is  scarcely  possible  it 
could  ever  reach  by  any  force,  as  the  air  would  then  be  condensed  into  about 
one-fiftieth  of  its  original  volume;  but  as  a  further  precaution  the  buffer  liends 
e  e,  and  the  counter  buffer-heads  d  d,  were  so  arranged,  thai,  at  the  extremity 
of  Ihe  range  auy  thock  given  to  the  buffer-rod  would  be  visited  upon  and 
diilributed  through  every  part  of  the  frame  of  (he  carriage.  The  whole  bulling 
apparatus  was  secured  by  boiling  to  the  frame  of  the  under  carriage,  to  which 
it  became  a  firm  and  lubilantial  spine  or  back-bone,  as  it  were,  increasing  its 
slrenglh,  in  place  of  breaking  it. 

"The  very  first  experiment  mniie  with  ihia  buffer,  on  the  Dublin  and  Kingstown 
railway,  consisted  in  bringing  the  carriage  upun  one  of  the  lines,  and  causing 
10  or  12  of  the  railway  porters  lo  run  it.  as  fast  as  they  could,  full  tilt  against 
one  of  the  stone  walls  of  the  station  house,  from  which  it  rebounded,  uninjured. 
like  a  piece  of  Indian  rubber.  The  piston  was  not  nearly  driven  home,  or  lo 
its  whole  range,  but  had  passed  through  more  than  four  fifths  of  it,  indicatinga 
blow  equal  to  more  than  1500  lbs.  Tbe  carriage  was  then  connected  with  a 
locomotive  engine,  and  drawn  along  (he  line,  going  at  various  speeds,  stopping 
and  reversing  as  suddenly  aa  possible.  The  results  were  in  ever;  respect 
satisfactory." 

The  before-described  buffer  continued  tn  me  as  long  as  the  under  carriage 
lasted.  About  four  yean  afterwards  Mr.  Mallett  designed  two  improved  fonni 
of  air  buffers ;  one  of  them  being  intended  for  a  great  terminus  buffi:r,  to  be 
placed  in  a  slation  bouse  or  otlier  similar  situation,  where  trains  require  to  be 
brougbl  up  without  (lie  possibility  of  running  beyond  a  given  point. 

Page  479  is  a  side  elevation  of  such  a  buffet.  The  conitruction  is  so  simple  aa 
scarcely  lo  need  desciiplion.  A  large  cast-iton  cylinder,  having  a  gland  at  one 
end,  and  closed  at  the  other,  is  firmly  secured  down  in  a  boriiDnlal  position  to 
a  mas*  of  masonry,  by  lateral  framing  of  cost-iroii  on  a  bed  plate ;  the  gland  of 
this  is  filled  by  a  inrned  cylinder  of  cast-iron,  also  hoUow,  bote  of  36  inche* 
diameter,  open  at  its  inner  and  closed  at  its  outer  end,  which  is  armed  with  b 
large  padded  leather  buffer-head.  This  cylinder  is  free  to  slide  in  the  gland 
horizontally.      The  outer    cylinder    has    el  its  lower  aide   a  large  apertur 

mmunieating  with  a  spherical  air  vess  "  '   '  *       '  ' " 

elated  io  a  cavity  of  the  masonry. 

"  Thi«  eyliodet  is  filled  with  <rater,  i 
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wbaeh  if  thm  lacwtd  down,  and  the  Iniffer  it  ready  for  me.  The  air  in  the 
air  rrmtU,  which  ia  hen  of  about  equal  capadty  with  the  cylinder,  ii  of  coone 
pmaaandj  compieMed  with  a  foree  equal  to  a  column  of  water  of  the 
attitude  from  tfia  nu^ace  of  the  water  in  the  air  TCHel  to  the  higheat  |)art  of  the 


cjlinder;  and  if  any  impulse  be  given  to  the  inner  cylinder,  which  may  be 
ceoaidered  aimply  at  a  large  plunder  or  ram,  it  will  be  wyen  forwards  into  the 
outer  cylinder,  and  in  doing  so  will  driFe  an  equal  bulk  of  water  into  the  air 
Teeiel,  compresdng  the  air  therein,  the  elastic  resistance  of  which  will  increase 
in  prc^Mntbn  to  the  compressing  force. 

**  In  this  buffer,  if  the  plunger  be  driven  in  half  way,  the  air  in  the  vessel  will 
hare  a  density  of  one  atmosphere,  and  the  total  resistance  afibrded  at  this  point 
would  be  15,270  lbs.  and  so  on ;  and  if  the  plunger  were  driven  in  so  far  that 
tenatmospherey  was  the  density  of  the  air,  the  buffer-head  would  equilibrate  a 
Uow  havmg  a  force  of  about  68  tons.  The  total  range  given  here  to  this 
haSer  is  3^  feet;  but  it  is  obvious  that  any  length  of  range  derirable  may  be 
ffivoi  to  such  an  instrument,  so  as  to  bring  up  a  railway  train  with  any  required 
oegree  of  gentleness.  From  the  properties  of  elastic  liodies,  the  plunger  when 
atmek  by  an  imperfectly  elastic  system,  such  as  a  railway  train,  and  driven  in 
hy  it,  would  again  rebound  with  considerable  force,  and  would  be  liable  to  be 
driven  wholly  out  of  the  gland :  this  is  provided  for  by  a  turned  rod,  nuurked  x, 
aaeored  in  the  axis  of  the  plunger,  and  passing  through  a  small  stuffing  box  in 
the  back  end  of  the  outer  cylmder,  and  havmg  a  large  nut,  and  a  number  of 
laadiCT  collars  to  deaden  the  blow  upon  its  extremity :  this  catches  the  plunger 
on  the  return  stroke.  Such  is  the  method  I  propose  for  bringing  up  a  train  at 
a  aUtion." 

Mr.  Mallett  next  proceeds  to  describe  another  modification  of  his  hydro- 
pneumatic  buffers  to  railways,  for  which  we  must  refer  the  reader  to  vol. 
zzxv.  page  422  of  the  Mechanic's  Magaxine. 

Mr.  Curtis,  who  was  some  time  manager  of  the  Locomotive  department  of  the 
Greenwich  railway,  with  the  view  to  mcrease  the  safety  of  the  carriages  by 
reducing  the  height  of  the  centre  of  gravity,  altered  several  carriages  on  that 
line,  by  suspenoung  the  frame  of  each  carriage  below  the  axle,  instead  of 
supporting  it  above  the  axle  in  the  usual  way. 


Hat)  CURTIS'S  PASSENGER  CARRIAGE. 

Cnr/ii'i  Pwatngtr  Carriage. — Thecarriagc  of  which  ihe  following  ui 
drawing  vol  built  u  apaRfm  carrisge  for  the  Bostnn  and  Providence   u.  a. 
railway  in  1830;  ll  is  made  upon  the  sami;  principle  al  thoeeaTlhc  London  and 
Uteenwich  railway  company,  lii. — It  will  b«  perceived  upon  rerereoce  to  the 


engraving,  that  it  conuats  of  five  distinct  compartmentB  or  coacbei,  the  Boor  of 
three  iinniedlately  upon  the  top  of  the  frame,  and  twelve  iuchei  only  from  the 
surface  of  the  rail,  so  that  passenger*  step  in  and  out  with  aa  much  &cUity  at 
from  a  sedan  chair.  The  middle  compartment  has  double  seati,  lilce  a  mail 
coach,  and  the  two  end  bodies  singlu  leats  like  a  chariot;  the  two  bodies  over 
the  wheels  have  also  single  aeats,  and  may  he  either  close  bodied  or  open  with 
a  leather  curtain  at  drawn  :  passeugers  get  in  or  alight  by  steps  aimiUr  to  tlioae 
of  a  barouche  ;  the  spaces  over  the  low  bodies  may  be  employed  for  luggage, 
forming  a  commodious  safe  depfit  for  that  purpose.  If  it  should  be  desirable  to 
form  the  mail  coaches  upon  this  principle,  the  spnce  over  tl^e  wheels  may  be 
formed  into  the  holds,  or  receptacles  fur  themul  bags;  thus  placing  the  heaviest 
load  over  the  wheels;  also,  if  desirable,  the  roof  may  be  adapted  for  outside 
passenger).  Mr.  Curtis  observes  that  "it  iserident  from  tliecoust  ruction  of  this 
coach  that  it  is  absolutely  safe,  by  no  possible  chance  can  it  ever  upset ;  it  does 
not  cost  more  than  the  railway  carriages  usually  adopted,  and  by  placing  joggles 
upon  the  cross  pieces  of  the  frame,  descending  so  low  an  to  clear  the  crossings, 
and  setting  them  back  from  the  wheels  little  more  than  the  breadth  of  the  rail 
on  each  side,  in  the  event  of  the  wheels  leaving  the  rail,  the  frame  locks  in  with 
either  the  one  rail  or  the  other,  and  thus  the  carriage  is  retained  to  the  rail 
under  all  possible  circumstances.  This  is  a  very  valuable  point,  for  when  it  js 
recolleotea  that  almost  every  railway  is  formed  far  fuUy  one  Uuid  of  its  extent 
upon  embankments  without  parapets,  which  renders  it  very  dangerous  for  an 
engine  or  carriage  to  be  thrown  off  the  riuls  upon  them,  this  arrangetnent 
provides  a  remedy  for  the  case  to  be  met  by  no  other  equally  Mmple,  cheap,  and 
efiicaciou*  meaas." 

The  carriages  upon  the  Greenwich  railway  were  altered  by  Mr.  Curtis  from 
the  old  and  general  plan  of  those  upon  ihe  Liverpool,  Birmingham  und  other 
lines :  this  alteration  was  effected  by  simply  inverting  the  frames. 

The  following  list  of  cainallies  upmi  the  Greenwich  line,  which  happened  to 
the  low  carriages,  speak  volumes  in  favour  of  the  absolute  safety  of  the  carriages. 

"  June  IT,  1833,  large  open  carriage  with  eight  passengers,  both  axles  broke, 
was  dragged  upwards  of  a  mile,  without  the  least  injury  to  passengcn. 

"Aug.  21. — AxJeofcarriige  broke,  two  passengers  in  Uccoach;  draggedaerosa 
the  Croydon  juoclioa,  and  upwards  of  three  quarters  of  a  mile,  without  injury 
to  pataeogen. 

"Sept.  15. — Breakcarriage  axle  broke,  with  eight  passengers;  dragged  upward* 
of  a  mile  without  injury  to  passengers.  - 

"Upon  twoother  occasions  like  accidents  happened,  with  similar  reiull^a 
in  1S38,  and  the  other  in  1840."  *" 


CUaTIS'S  TRUCK. 


Cartit'M  Rakray  Truekt. — Hr.CurtiihuappIied  thepriodpleofciinitiuction 
jut  dewribed  to  trocki  for  tho  conTcyance  at  privBta  carrugia.  Fia.  1  u  a 
nilBVMW,  and  F^.  2  an  end  viev,  and  fig.  3  •  plan  of  the  macliine:  thaiame 
lettna  tttm  to  the  ume  parU  of  the  machine  in  each  Itg.  lO  far  ai  the  puti 
•n  tbown  in  each,  t  ia  Uie  flaming  of  the  machine,  trhich  is  auipended  below 
the  axle  in  the  unial  way ;  ■  the  huid  wheeti  canoected  with  the  sbifling  frame 
c,  which  frame  ii  held  in  iu  place  by  the  bolt*  d  d  d  d,  oc  by  any  other  uiual 
and  Mutable  meani ;  ■  i  are,  two  eccentrics  hung  upon  the  crou  ihaft  f,  upon 
one  end  of  which  shaft  the  ratchet  o  ii  hung,  and  npoD  tfae  other  the  bead  i, 
into  the  holei  of  which  the  lever  e  is  inierted,  when  it  ii  required  to  turn  the 
•baft  r  round,  lo  as  to  bring  the  eccentrici  into  contact  with  the  raili  or  othcr- 
wiw.  L  i*  a  windlan  placed  upon  the  front  bar  of  the  machine,  round  which  ti 
rope  coila,  M  that  when  a  carnage  ii  required  to  be  placed  upon  the  machine, 
one  md  of  the  rope  ii  made  faat  to  the  carriage,  and  the  other  end  to  the  wiad- 
laM,  then  a  man  turning  the  wiodlau  round  by  means  of  the  handle  u,  tlia 
carriage  ii  drawn  upon  the  machine;  the  machine  is  connected  to  the  train  by 
meana  of  the  coupUng  x  in  the  usual  way,  and  the  diagonal  bars  are  placed  as 
ibown,  inorder  that  thecoQCUBsion  ofthe  train  may  hetransfened  to  the  main 
fraoie  of  the  maehine  a;  o  oo  □  are  the  wheel*  of  the  carriage  placed  upon  the 
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iriDcliioe  :  the  body  and  citrrJBge  are  omitted  in  the  draving,  asi 
li>  iheeiplanBtion  of  the  invention  that  they  ihould  be  shown. 

The  mode  nf  operation  is  at  folio iri :~ when  a  carriage  it  required-lo  be 
placed  upon  the  machine,  the  eccaatrio  are  brouglit  upon  the  raili,  and  made 
to  occupy  the  poiition  shown  bj  the  dotted  lines  in  Fig.  I,  the  effect  of  which 
ii  to  raise  the  end  of  the  cairiage  to  which  the  ahifttng  frame  and  wheels  are 
attached,  a  apace  equal  to  that  included  betveen  the  shaded  line  i  and  the 
dotted  T,  and  to  inpporl  it  whilat  the  frame  c  and  wheels  a  are  withdrawn  :  tlien 
■he  eccentrici  ore  turned  hack  until  they  occupy  the  poBition  shown  in  the 
drawing,  when  the  end,  of  the  machine  is  lowered  to  the  ground,  and  occupiei 
the  position  shown  by  the  dolled  lines  z  z.  The  carriage  u  then  brought  to  the 
machine,  the  rope  from  the  windlass  is  made  fast  (o  it,  the  floor  of  the  machine 
being  formed  into  an  inclined  plane  ;  the  carriage  is  dragged  upon  the  macliili 


!   windlass   with   great  facility.    When   placed   upon   i 


the 


e  again  brought  into  the  position  shown  by  the  dotted  lines,  which 
raises  the  end  of  the  machine;  the  shifting  frame  c  and  wheels  Bare  connected 
with  the  machine,  and  made  fast  by  die  bulla  n,  the  eccentrics  are  then  brought 
into  the  positioD  ihowii  in  the  drawing,  riding  clear  of  the  rails;  the  ratchet  a 
and  pall  h  are  provided  to  retain  the  eccentrica  in  any  position  they  uiay  be 
placed  in :  the  best  way  to  eRect  all  these  operations,  is  to  place  the  machine 
upon  a  turn-table,  the  fore  wheels  and  eccenlHcs  being  upon  the  table,  when 
the  machine  can  be  disengaged  from  the  wlieels,  and  placed  to  receive  the 
carriage  in  B  very  limpie  and  easy  manner  ;  the  same  operations  apply  if  the 
machine  ii  employed  for  goods,  cattle,  or  any  other  purpose. 

BaiUeat/  Carriage  Ctmneclori. — The  following  ei 
mode  in  which  railwa;  carriages  it  ■   -    .     .. 


listed  simply  of  a  chain,  the  buffers  of  one  carriage  not  coming  in  conUct  with 
those  of  another,  but  each  carriage  was  allowed,  when  moiring  ouwardi,  a 
lateral  oscillating  motion. 

In  the  subjoined  engravings,  Figarn  2  and  3,  Mr.  Booth's  highly  improved 
method  of  connecting  them  is  shown.  It  is  a  moat  complete  inventjon  for  the 
purpose,  and  consequently  adopted  on  almoal  every  railway  in  the  kingdom. 
a  is  tlie  connecting  choin  attached  to  the  draw-har  of  each  carriage,  and 
consists  of  a  double  working  screw  (working  within  two  long  links  or  sbacklesj, 
the  sockets  of  which  arc  spirally  threaded  to  receive  the  screw  holts,  which  are 
laatened  together  by  a  pin  and  colier,  so  that  by  turning  the  arm  or  lecer  Z  of 
the  said  screws,  the  connecting  apparatus  is  lengthened  or  ahortened  at  pleasure, 
to  the  extent  of  the  long  links  or  ahacklea  above  alluded  to,  in  which  they 
work.  Tliis  acrew-chain  being  placed  on  the  hooks,  nr  turned-up  ends  of  the 
carriage  draw-bars  d,  the  buffers  b  of  each  adjoining  carriage  being  first  brotlght 
cloae,  or  nearly  close  together,  the  lever  Z  is  turned  round  a  few  times  till  (he 
draw-ban  d  are  drawn  an  inch  or  two  beyond  their  shoulders,  on  the  face  of 
the  carriage  frame  e,  stretching  the  draw-springa,  to  which  the  draw-bars  are 
attached,  to  the  eitent  of  a  fourth  or  fifth  part  of  their  elasticity ;  and  by  that 
degree  of  force  attaching  the  buffers  of  the  adjoining  carriages  together,  and 
giving  by  this  means,  Mr.  Booth  states,  "  to  a  train  of  carriages,  a  combined 
steoiliness  and  smootlmcss  of  motion  at  rapid  speeds,  which  they  have  not 
when  the  bulTers  of  each  carringe  ore   separate  frum  those  uf  the  adjoining 
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V 11  a  weight  to  keep  tlie  lerer  in  a  Tertical  poeitioD,  and  prevent 
Ing  of  the  chain  when  in  action. 


Fig.  3. 


Ckeekimg  fAe  tpetdf  or  sioppmg  ike  Engme. — In  the  lame  |>atent  as  the 
eonneetiiw  apparatus  just  described,  this  very  ahle  and  original  muded  inventor 
has  inclu£d  a  novel  method  of  checking  the  speed  of  the  engine,  or  stopping 
it  altogether.  It  is  effected  hy  introducing  a  throttle  valve,  sUde,  or  damper, 
into  tne  blast  pipe,  which  is  usually  placed  in  the  chimney  in  front  of  the 
engine,  and  which  Uirottle  valve  may  be  most  conveniently  introduced  where 
the  two  exhausting  pipes  are  united  into  one,  below  the  place  where  the  pipe  is 
coDtraeted  in  area  for  the  purpose  of  producing  a  blast  to  the  furnace.  From 
the  throtde  valve  must  proceed  a  rod  or  long  handle  extending  through  the 
chimner  to  the  back  part  of  the  boiler,  so  as  to  lie  within  convenient  reach  of 
the  engme-man,  who,  by  moving  the  said  handle,  can  close  the  slide  or  throttle 
valve,  either  partially,  or  altogether,  as  may  be  required.  And  the  throttle 
valve  need  not  be  altogether  steam-tight,  but  should  be  made  to  work  freeW  in 
its  place.  Hie  engine-man,  when  he  wishes  to  stop  or  slacken  the  speed  of  the 
engine,  closes  or  contracts  his  throttle  valve  without  shutting  off  the  steam  in 
its  passaffe  from  the  boiler  to  the  engine.  The  pistons,  by  that  means,  are 
speedily/but  not  suddenly  or  violently  checked,  and  the  driving  wheels  of  the 
engine  no  longer  revolving,  or  revolving  very  slowly,  the  engine  is  soon  brought 
to  a  stand. 

HUXi  LoeomoUoe  Engine. — ^The  annexed  cut  represents  a  side  elevation  of 
this  remarkable  engine ;  some  of  the  parts,  which  could  not  well  be  explained 
otherwise,  are  shown  in  section.  It  was  patented  by  Mr.  Benjamin  Hick,  of 
Bolton,  in  October,  1834. 

At  a  is  the  ash-pit,  b  the  fire-place,  opening  above  into  a  dome  c  of  the 
bofler  d  d,  and  surrounded  by  water ;  the  extemsu  figure  of  the  boiler  is  that  of 
a  vertical  cylinder ;  and  as  Uie  dome  c  occupies  the  centre,  the  water  chamber 
is  for  the  most  part  of  an  annular  form ;  this  annulus  has  passing  through  it 
vertically  numerous  tubes  open  at  each  end,  for  the  smoke  and  heated  gases  to 
pass  from  the  frimace  throughout  the  body  of  water,  into  the  flue  e  above,  and 
thence  into  the  chimney  g.  The  draught  through  the  furnace  is  increased  by 
introducing  the  induction  stoam  pipe  k  from  the  engine  into  the  throat  of  the 
chimney,  where  a  jet  of  steam  is  thrown  upwards,  m  the  way  now  commonly 
practised.  /  is  the  steam  chamber,  enveloped  in  the  heated  gases  that  ascend 
from  the  furnace,  which  are  made  to  impinge  ujion  it  with  greater  force  by  the 
introduction  of  a  plate  of  iron  shaped  like  an  inverted  funnel ;  t  is  the  steam 
pipe,  which  conveys  the  steam  from  the  chamber  /  into  the  valve  boxes  k, 


n  cyUoden  m,  but  si  thej  are  all  in  a  row,  only  one  can  be  seen 
in  our  Tiew ;  each  of  these  cylinders  is  pravided  with  tuitable  volvei.  and 
working  scar,  to  admit  the  ateam  on  the  top  ortly  of  encli  of  the  pislona,  at  the 
tinie  of  tie  descent  of  each,  and  to  hIIov  of  iu  escape  on  (heir  ucenL  The 
bottom  of  each  of  the  cylinders  ii  open,  and  the  piiton  rods  n  are  jointed  lu 
the  bottoms  of  the  piatoas,  the  latter  being  steadied  in  their  moUona  by  atDsll 
laleral  loda  paasing  through  guide  holes.  The  three  piston  rods  act  Erectly 
upon  a  three-tbrow  crank,  ihe  equi-distant  poaitiona  of  which  in  the  circle  cauie 
the  pistons  to  continue  their  reciprocating  action,  and  the  crank  its  rotative 
motion,  with  uniformity.  Fast  and  slow  motions,  and  clutch  boiei  for  varying 
the  ipeed,  are  provided  in  the  usual  way.  In  our  diagram  is  thown  a  pinion  o, 
on  the  crank  axis,  driving  a  wheel  on  (he  axia  of  the  running  wheels. 

The  patentee  especially  clainiB  under  hit  patent  the  combination  of  two  or 
more  cylinders,  each  having  its  lower  end  open,  ao  that  the  ateanl  shall  press 
only  upon  the  upper  surfaces  of  the  pistons,  and  communicate  ilt  power  to  the 
crank  ahafl,  or  running  wheels,  in  a  downward  direction  only ;  which  he  con- 
siders will  cauae  a  greater  adhesion  between  Ihe  wheels  and  the  rail,  and  lesa 
vibration  to  the  carnage,  than  when  the  power  is  applied  to  the  wheels  in  nit 
upward  and  downward,  or  a  forward  and  backward  directiDn,  alternately. 

The  wheels  applied  to  this  locomotive  alio  posaesi  some  novelty,  and  are 
claimed  under  the  patent  right.  They  may  be  briefly  deseribed  to  consist  of  a 
cast-iron  nave,  duly  formed  and  tumM,  to  receive  the  edgea  of  ditcs  of  plate- 
iton,  in  lieu  of  apolces-,  the  felloea  or  external  rbgs  being  fixed  to  tbe  diaci  by 
.  expanding  their  circumference  by  heat,  and  allowing  them  afterwards  to 


contract, 
keys. 


Thoi 


of  the  discs  in  grooves  turned  to 
eral  parts  arc  afterwards  secured    by  bolts,  icreWB,  rlvela, 
>r  luo  well  understood  to  need  descnplir" 


raids  to  i 
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PaUnt  Axle  Orease, — Every  circumstance  relating  to  locomotion  on  railways 
iMTUig  become  of  importance,  nothing  escapes  investigation,  nor  attempts  at 
funelioration.  Amongst  the  many  matters  to  which  attention  is  necessary  to 
enable  a  locomotive  machine  to  work  well,  is  that  of  the  lubricating  substance. 
The  aegacitv  of  Mr.  Henry  Booth,  of  Liverpool,  has  led  him  to  effect  an  im- 
provement m  this  respect,  for  which  he  obtamed  a  patent  on  the  1 4th  of  April, 
1835;  which  he  has  denominated  "  The  Patent  Axle  Grease,  and  Lubricating 
Fluid."  These,  according- to  the  specification,  are  chemical  compounds  of  oil, 
tallow,  or  other  grease,  and  water,  effected  by  means  of  the  adnuxture  of  soda 
or  other  alkaline  substance,  in  such  proportions  that  the  compounds  shaU  not 
be  of  a  caustic  or  corrosive  nature  when  applied  to  iron  or  steel,  but  of  an 
unetaoos  greasy  quality,  easily  fusible  with  heat,  and  suitable  for  greasing  the 
aade4>earingi  of  carriage  wheels,  or  the  axles,  spindles,  and  bearinss  of 
machinery  in  general  The  proportions  of  the  ingredients,  and  mode  of 
compoonding  them,  aro  stated  to  be  as  follow : 

**  For  the  axletrees  of  carriage  wheels,  a  solution  of  the  common  washh^ 
•oda  of  the  shops,  in  the  proportion  of  half  a  pound  of  the  salt' to  a  gallon  of 
pure  water.  To  one  gallon  of  this  solution  add  three  pounds  of  gcNod  clean 
tallow  and  six  pounds  of  palm  oil ;  or,  instead  of  the  mixture  of  palm  oil  and 
tallow,  add  ten  pounds  of  palm  oil,  or  eight  pounds  of  firm  tallow.  The  tallow 
and  palm  oil,  or  either  of  them,  and  the  solution  as  described,  must  be  heated 
together  in  some  convenient  vessel  to  about  200**  or  210**  of  Fahr.  and  then 
the  whole  mass  must  be  well  stirred  or  mixed  together,  and  continually  agitated, 
until  the  composition  be  cooled  down  to  60°  or  70°  of  Fahr.  and  have  obtained 
the  consistency  of  butter,  in  which  state  it  is  ready  for  use." 

The  patent'lubricating  fluid,  for  rubbing  the  parts  of  machinery  in  general, 
is  thus  made :  to  one  gallon  of  the  aforesaid  solution  of  soda,  in  water,  add  of 
rape  oil  one  gallon,  and  of  tallow  or  palm  oil  one  quarter  of  a  pound.  Heat 
them  together  to  about  210°  of  Fahr.  and  then  let  the  fluid  composition  be  well 
stirred  about,  and  agitated  without  intermission  until  cooled  down  to  60°  or  70°, 
when  it  will  be  of  the  consistence  of  cream.  If  it  be  desired  thicker,  a  little 
addition  of  tallow  or  palm  oil  renders  it  so. 
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ATMOSPHERIC  AND  DTfTER  PBCtlLIAB  RAILVATS. 
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TiuT  mode  of  propuUion  which  is  effecled  by  Pneumalii;  p 
generally  known  as  tbe  AUnospberic  >)'Btein  of  railway  i  from  the  — 
of  the  elaitic  medium  whicli  we  brealhc  being,  tn  most  cases,  Inc  ii 
power.  The  praciicBl  introduction  of  thia  system  is  very  recent,  and 
prience  on  the  subject  is  consequenily  very  limited.  But  it  has  a 
sanguine  advocate*  and  partisans ;  and  is  now,  under  variously  modified  fomiit, 
occupying  (he  attention  and  study  of  different  parties,  who  are  devoting  their 
talents  and  encigies  to  perfect  their  levcrul  xchemcl,  and  bring  them  into 

Eracticol  operation.  We  propose  first  to  dcKribe  such  nf  the  plana  as  have 
een  carried  into  cRect,  and  afterwards  notice  those  modifications  of  the 
pneumatic  principle  of  motion,  which  have  been  suggested  as  improvements 
upon  the  original  Idea. 

Tile  idea  of  imparting  motion  to  machinery  at  a  distance  &om  the  prime 
mover  by  the  jntervenlion  of  air,  ji  by  no  means  of  recent  date.  As  far  back 
as  the  ciDse  of  the  17lh  century,  Papin  (fur  wham  the  Frencii  claim  the 
invention  of  the  steam  engine)  suirgested  the  plan,  and  we  believe  tried  it, 
both  by  the  compression  of  air,  and  by  its  rarefaction,  but  completely  failed. 
Many  yean  afterwards  a  trial  of  the  plan  was  made  upon  a  large  icole  in  Wales, 
but  with  no  better  renilt,  and  the  plan  seems  to  have  lallen  into  oblivion, when, 
in  1810,  Mr.  Medhurst  orDenmark-streel,  Solio,  published  an  account  of  a 
"  new  method  of  conveying  goods  and  letters  by  air,  "  followed  in  1812  by  a 
prospectus  of  apian,  by  which  he  endeavoured  to  prove  iliat  goods  andpassengen 
might  be  cheaply  and  safely  conveyed  at  a  rate  of  50  miles  per  hoiu-.  ToeSect 
this,  he  proposed  to  comtnict  an  air  tight  tube  of  sufficient  diinensiona  to  allow 
a  carriage  to  run  within  it,  and  having  a  pair  of  cast-iron  wheel  tracks  securely 
laid  along  tlie  bottom,  for  the  carriage  to  run  upon.  Tbe  carriage  was  (o  be 
of  nearly  the  form  and  dimensions  of  the  tunnel,  so  as  to  prevent  any  con- 
siderable quantity  of  air  from  passing  by  it ;  and  the  carriage  was  to  he 
impelled  along  the  tube  by  the  pressure  of  air  forced  into  the  tube  behind  the 
carriage.  Supposing  the  tube  to  be  six  feet  in  diameter,  Mr.  Medhursl 
calculated  that  lo  produce  a  speed  of  SO  miles  per  hour,  would  require  a  constant 
impelling  power  of  SGI  lbs.  moving  73  feet  per  second,  which  he  reckoned  as 
equal  to  the  continual  power  of  ISO  horses;  and  taking  the  consumption  of  Aiel 
of  a  steam  engine  of  that  power  at  12  bushels  of  coals  per  hour,  3  Una  of 
goods  might  thus  be  conveyed  SO  miles  at  a  cost  of  12  shillings,  and  at  a  speed 
of  50  miles  per  hour. 

The  plan  attiacted  but  little  aitenlion  at  ihe  time,  and  was  for  a  long  period 
overlooked;  but  in  1834,  Mr.  Vallance  of  Brighton  obtained  a  patent  for  a 
simitar  invention,  with  ibis  difTerence,  that  he  proposed  lo  cihuuit  the  air  in  the 
tube  in  (he  front  of  the  carriages,  instead  of  forcing  it  in  behind  them  ai  in  the 
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plan  of  Mr.  MedhuriL  Mr.  Vallance  subsequently  constructed  a  short  tube  in 
nb  garden  at  Br^hton,  to  demonstrate  the  practicability  of  the  plan,  and 
mention  was  occasionally  made  in  the  public  prints  of  experimental  trips  which 
had  taken  place;  but  the  aoparatus  was  not  of  sufficient  extent  to  show  forth 
either  the  difficulties  of  the  plan,  or  the  extent  to  which  they  would  be  overcome; 
and  this  scheme,  like  the  previous  one  of  Mr.  Medhurst,  was  never  carried  into 
effect 

The  moat  obvious  objection  to  the  plans  we  have  just  described,  is  the 
necesfdty  finr  the  passengers  to  travel  witnin  the  tube,  excluded  from  daylight, 
and  this  alone  would  have  been  sufficient  to  prevent  their  ever  being  acted  upon. 
This  objection  was  first  overcome  by  Mr.  Pinkus,  who  by  thus  bringing  the  plan 
within  die  sphere  of  feasibility,  may  be  considered  as  practically  the  inventor 
of  the  AtnKMpheric  railway.     His  plans,  it  is  true,  have  not  been  adopted  in  all 
their  details  as  originally  proposed  by  him,  but,  variously  modified,  they  form  the 
basis  of  the  most  promising  schemes  which  have  since  been  brought  forward 
for  propelling  by  the  pressure  of  the  atmosphere.     Mr.  Pinkus's  first  plan,  and 
for  which  he  obtained  a  patent  in  1834,  is  fully  described  in  the  first  part  of 
the  Kncydopedia,  under  the  article  '*  Air;"  it  will  be  sufficient  therefore  in  this 
place  to  say  that  it  consisted  of  a  tube  laid  down  between  a  pair  of  rails  on 
which  the  carriages  were  to  run,  and  having  on  the   top  of   it  a  longitudinal 
groove  extending  throughout  its  length.     Within   this  tube   was  a  piston, 
attached  to  the  leading  carriage  of  the  train  by  an  arm  passing  through  the 
groove.    This  groove  was  closed  by  a  thick  cord,  saturated  with  a  composition 
of  wax  and  tallow,  in  order  to  form  an  air-tight  joint  throughout  the  length  of 
the  tube,  except  at  the  part  where  the  piston  arm  projected  through  the  slit, 
where  it  was  raised  out  of  the  groove  by  rollers  attached  to  the  arm,  so  as  to 
leave  an  opening  for  the  admission  of  the  air  into  the  tube,  at  the  back  of  the 
piston.    The  tube  in  front  of  the  piston  was  connected  with  an  air  pump,  and 
a  partial  Tacuum  being  formed  in  the  tube,  the  pressure  of  the  atmosphere  upon 
the  back  of  the  piston  would  propel  it  along  the  tube,  and  with  it  the  carriages 
eoonected  to  it. 

In  1836,  Mr.  Pinkus  took  out  a  patent,  for  his  second  plan  of  atmospheric 
propulsion,  which  differs  materially  from  his  fir^t,  the  travelling  piston  m  the 
atmospheric  main  being  dispensed  with,  and  the  system  in  sume  measure 
assimilated  to  the  locomotive  system.  The  following  is  a  description  of  the 
plan,  nearly  as  given  in  the  Mechanic's  Magazine : — A  tube  is  laid  down 
between  two  lines  of  rail,  and  communicates  with  air  pumps  placed  along  the 
line,  which  act  upon  the  air  in  the  tube,  continually  rarefying  it  as  it  is  thrown 
in  by  the  working  of  the  locomotive  apparatus.  The  main  has  an  opening 
in  the  upper  surface,  two  inches  wide ;  on  to  the  edges  of  this  opening  are 
attached  plates,  formhig  what  Mr.  Pinkus  calls  a  metallic  valve,  made  of  an 
amalgam  of  iron  and  copper,  hard  rolled  to  make  it  elastic,  l-8lh,  of  an  inch  thick 
at  the  lower  edge,  and  l-16th  at  the  upper,  (the  insidcs  of  which  are  to  be  polished 
smooth,)  and  four  inches  high.  The  annexed  cuts  will  show  the  thing  more 
clearly.  Fig.  1  is  a  ])lan  of  the  valve,  and  Fig,  2  a  cross  section  of  the  air  main 
with  the  valve  attached,  and  the  tongue  (afterwards  described)  between  the  lips 
of  the  valve.  In  both  Figs,  a  a  are  the  lips  of  the  valve,  which  it  will  he  seen, 
in  their  undisturbed  state,  by  their  elasticity  press  upon  one  another,  and  form 
an  air-tight  joint  the  whole  length  of  the  main.  Working  between  the  lips  of 
this  valve,  is  a  hollow  metallic  tongue  (b  Fig,  2),  the  shape  of  which  is  seen  in 
Fig,  1.  The  sides  of  this  tongue  in  contact  with  the  lips  of  the  valve  are  polish- 
ed, and  the  tendency  of  the  latter  to  collapse,  by  their  sp.ing  pressing  upon 
these  polished  sides  as  they  pass  along,  makes  the  joint  air  tight.  This  hollow 
tongue  forms  a  communication  through  throttle  valves,  with  a  condenser  or 
vacuum  vessel,  and  this  vacuum  vessel  comnmnicates,  through  alternating 
openings,  (somewhat  similar  to  those  used  in  steam  cylinders,  and  worked  by 
an  eccentric  from  the  crank,)  with  two  cylinders  in  which  work  pistons,  whose 
rods  turn  cranks  which  give  a  rotary  motion  to  the  wheels  of  the  locomotive. 
The  mode  of  action  is  as  follows :  the  air  in  the  main  is  kept  rarefied  by  the 
exhausting  engines  at  each  end;  a  comniiiriicution  being  made  between  it  and 
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Ilie  rarefied  air  or  vaLUum  vcaiei  ly  cpppliing  the  Uiiottle              Fig.  I, 

Talve,  and  beiween  the  racuum  and  tlie  cylimlCT  by  the   . 

sliding  passage,  a  partial  tbcuudi  ii  formed  under  the 

giving  balf  a  turn   to   the   crank  ;   the  altornating  aii 

J 

passages  are  tb en  reiened,  the  other piatouisacled  upon 

^ 

0 

j 

cylinder  full  of  air,  after  haring  forced  down  the  pislon 

1 

pataei  into  the  tacuum  tsi-mI,  and  through  the  lioUoir 

tongue  into  the  main,  from  which  it  is  pumped  into  the 

atmosphere  by  the  stationary  enginei  and  air  pmnpi  at 

0 

p 

each  etid  of  the  lire  mile  section,  i  Aa  the  tongue  passes 

forward,   it  will  opeii  a  passage  for  itself  between  the 

bv  the  elaslici^  of  the  plates.    The  tongue  is  pmenled 
from  becoming  hot  by  friction,  by  the  current  of  cold  air 

^ 

k 

on  the  part  of  the  inventor,  ne  think  it  upon  the  whole 

1 

inferior  to  his  Grst  plan.     In  particular  we  would  notice 
that  the  advance  of  the  train  depends  upon  the  adhesion 

0 

be  liaUe  to  slip,  and  also  the  power  of  ascending  inclines 

would  be  dimiuished,  as  on  the  present  system  of  traction 

by  locomotive  ateam  engines,  wiiGreas  by  the  first  plan, 

r 

provided  a  sufficient  pressure  could  be  produced  at  the 

1 

1 

and  the  power  of  gravitaiion,  the  train  mutt  sdvuice 

0 

^ 

1 

whatever  be  the  state  of  the  rails,  or  the  steepness  of  the 
incline. 

\1p     Pintiift  tfnrl^avnlinvl  tn  fnrm  H  mihll^  nnmnanb    In 

1 

j'ir.  riuauB  enueavuureu  hj  itrrin  a  puujjc  company,  lo 
carry  his  invention  into  efiect,  but  did  not  succeed  in  so 

doing.   Hia  efforts   however  had   the  cflect  of  drawing                  " 

public  oMention  to  the  subject,  and  provoking  discussion; 

and  paved  the  way  for  Mr.  Cle^,  who  in  It)3B  took  out              Fig.  2 

a  patent  in  connexion  with  the  subject,  and  eventually                        .                             i 

succeeded  in  procuring  its  adoption  by  a  company,  and                \    /                            _ 

«ho  may  therefore  be  considered  in  one  sense  u  the                 \{                           J 

introducer  of  the  Atmospheric  railway      Tlie  Ulle  whtth                  \  \                           | 

Mr.  Clegg  selected  for  h[.  patent  was  chosen  very  sk.l 

ftilly,  and,  although  it  certainly  may  be  said  to  cover  the           ^  n 

I 

ioTention,  could  at  that  period  scarcely  be  supposed  W           "SIJ 

Nt          \ 

tefer  to  railways,  and  was  therefore  little  likely  to  meet      /"im 

[^^       1 

with  opposition  from  parties  who  were  directing  their    //^^ 

attention  to  that  subject.    The  title  is  for  a  new  im     ///         i        '^A 

machinery ;  but  it  wiU  be  seen  that  the  improvements  I  U                       i  1 
do   not  refer    to   valves   in   general     but   solely   to  a  V^\,                  MIJ/ 

continuous   valve    for    the    purpose    of   Atmospheric    ^^Sv.     .r^^^ 

railways ;  the  following  is  an  extract  from  the  specifics-      ^^^^^^'^ 

other  flejible  material,  which  is  practically  nir  tight,   similar  to  the  valves 

commonly  used  in  air  pumps  ;  Ihs  extremity  or  e,?ce  of  Iheie  valves  is  caused  lo 
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abofe  it  After  the  Talve  is  doted  and  iu  extremity  is  lyins;  in  the  troogh, 
the  tiDow  is  hetted  sufficiently  to  seal  up  or  cement  together  the  fractore 
round  the  edge  or  edges  of  the  valve,  which  the  previoiis  opening  of  the  tsIto 
had  caosad.  Sad  then  the  heat  being  removed  the  tallow  a^ain  hecomes  hard, 
and  fiirma  an  air  ticht  joint  or  cement  between  the  extremity  of  the  valve  and 
the  trangh.  When  it  is  requisite  to  <^>en  the  valve,  it  is  done  by  lifting  it  ontof 
the  taUoWy  with  or  withoat  the  application  of  heat,  and  the  before  named 
proosss  of  sealing  it  or  rendering  it  air  tight  is  repeated  every  time  it  is  dosed* 
This  eombniatioa  of  .valves  witii  machinery  is  maoe  in  the  application  of  these 
valves  to  raflways,  or  other  purposes  of  obtaininffa  direct  tractive  force,  to  move 
weiriits  dther  on  tha  raflway  or  oUierwise.  This  I  effect  b^  laying  down  a 
coiiBiwmis  leiwth  of  pipe^  oontahiinf^  a  lateral  dit  or  opening  its  whole  length : 
a  piston  is  made  to  travd  in  this  pipe  by  exhausting  or  drawing  out  the  air 
from  tha  pipe  on  one  side  of  the  piston,  and  aUowing  free  access  to  the 
atmomhere  <m  the  other  side  of  it ;  an  arm  from  thb  piston  passes  through  the 
kteral  opening,  to  attach  to  the  carriages  on  the  railway,  ana  draws  them  dong 
with  it  The  whole  of  this  laterd  opening  b  covered  by  the  vdve  before 
described,  and  that  part  of  it  through  which  the  arm  passes  is  lifted  to  allow  it 
to  past,  and  also  for  the  admisnon  of  air  to  the  piston  oy  means  of  an  apparatus 
connected  to  the  arm.  The  carriage  to  which  this  arm  ii  attached  we  call  the 
driving  carriage ;  to  the  hinder  ^fft  of  this  carriage  a  long  heater  ii  attached, 
which  is  drawn  along  by  it  upon  the  tallow  contained  in  the  trough,  and  reseals 
the  vdve  ready  for  the  next  tnun,  which  repeats  the  operation  aM>ve  described. 
At  certdn  distances,  which  are  regulated  by  the  nature  of  the  road,  steam 
engines  and  dr  pumps  or  other  apparatus  are  fixed,  for  exhausting  the  pi|>es, 
and  at  a  short  distance  beyond  the  oonnextion  from  the  engine  to  the  pipe 
vdves  are  placed,  closing  the  end  of  one  length  or  section  of  pipe  and  the 
beginning  or  the  next,  between  which  a  space  is  left  for  stopping  tne  trdns  if 
required;  these  vdves  also  divide  the  pipe  into  suitable  lengths,  to  be  exhausted 
by  each  apparatus,  or  close  to  the  end  where  it  is  not  required  to  be  continued, 
as  on  acdivities  where  the  carriages  wQl  run  by  dieir  own  gravity ;  thus  every 
section  of  pipe  is  enclosed  at  the  two  ends  by  these  vdves,  and  is  exhausted  by 
its  own  steam-engine  and  apparatus.  These  vdves,  which  I  call  the  separating 
valves,  are  opened  by  the  driving  carriage,  to  allow  the  piston  to  pass,  and  are 
closed  after  the  trdn  has  passed." 

Figs.  1  and  2  represent  the  construction  of  the  vdve,  Fig,  1  showing  a  section 
of  the  valve  when  closed,  and  Fig,  2  a  section  of  the  vdve  when  open ; 


a  is  a  section  of  the  cast  iron  vacuum  tube  or  atmospheric  main,  b  is  the 
continuous  vdve  of  leather  extendmg  over  the  whole  length  of  the  opening  on 
the  upper  side  of  the  tube,  and  strengthened  by  short  plates  of  iron  c  c,  attached 
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to  the  upper  and  under  side  of  ihe  kalher,  m  u  to  impart  firmiien  wbllit 
admitline  a  luSIcient  degree  of  llExIbilitj.  d  ii  the  compoaition  by  which  llie 
edge  of  liie  vslre  is  hermetically  lealed.  c  is  a  protecting  cover  formed  of  thin 
platei  of  iron  about  5  feet  long,  hinged  with  leather  for  piotectiag  the  tstve 
from  Tain,  mow,  itc ;  thli  corer  however  was,  se  believe,  subeequently  di>- 
peuied  with  when  the  inienlion  was  broueht  into  actuil  operation. 

An  experimental  line  of  railway  waa  aiilMeqiientiy  laid  down  at  Wormwood 
Sctubbi,  by  Mr.  Clegg  und  Mr.  Samuda,  who  had  an  intereit  in  the  paienL 
The  length  of  the  line  waa  about  half  a  mile  long,  with  a  riae  of  1  in  1 20  for 
about  half  the  nay,  and  1  in  1 1 S  for  the  remainder;  Ihe  diameter  of  the 
Btmoipheric  main  was  9  iiichea,  and  the  eiliauation  wai  produced  by  mean* 
of  an  ait  pump,  of  37  inches  in  diameter,  and  22  inches  stroke,  worked  hy  a 
cotidendng  engine  of  16  barae  power.  On  this  line  several  public  experiments 
were  made,  which  were  attended  by  many  engineers,  and  other  scientific 
persons,  some  of  whom  formed  a  highly  bvourable  opinion  of  the  plan,  and 
the  Dublin  and  Kingstown  riulvtay  company  were  induced  by  Ihe  report  of 
their  engineer,  Mr.  Vignoles,  to  adopt  it  io  the  extension  of  their  line  from 
the  tenninui  st  Kingstown  to  the  village  of  Dalkey. 

The  length  of  this  line  ia  3,050  yards,  or  nearly  1  mile  and  },  with  a  rise 
ofn^  feet  from  the  commencement  at  Kingstown  to  the  termination  at  Dalkey, 
theaverage  rise  from  the  lowest  point  being  I  in  HO,  but  the  last  365  yards  have 
a  rise  of  1  in  57  ;  there  are  also  several  sharp  curves  on  the  line,  so  tbat  upon 
the  whole  it  was  well  adapted  to  show  the  capabilities  of  the  system  for  over- 
coming sleep  ascents,  and  sharp  curves.  The  line  is  worked  only  one  way  by 
tbe  atmospheric  apparatus,  the  return  being  effected  by  the  force  of  gravity. 

As  stated  above,  the  length  of  the  line  is  3,050  yards,  but  Ihe  atmospheric 
mun  is  only  2,490  yards  long,  tbe  remainder  nf  the  way,  5C0  yards,  being  run 
by  the  momentum  previously  acquired-  Tbe  diameterof  the  m.iin  is  15  inches, 
and  near  its  extremity  branches  out  a  pipe  of  the  same  diameter,  which  leadc 
to  the  exhausting  apparatus,  distant  nearly  500  yards.  Theaic  pump,  which  ii 
double  acting,  is  66^  inches  diameter,  with  a  stroke  of  G6  inches.  It  is  worked 
by  a  high  pressure  condensing  engine,  of  31^  inches,  and  06  inche*  itroke, 
working  eipansivejy,  the  cut  off  valve  being  regulated  by  n  governor,  so  as  to 
vary  with  the  speed  of  the  engine,  ftom  \  at  the  slowest  to  ^  at  the  quickest. 
Mr.  Samuda  reckons  this  engine  to  be  of  100  hotie  power,  but  it  appears  tbst 
be  assumes  the  horse  power  to  be  equal  to  CS.OOOlbs,  raised  uue  foot  high,  per 
minute  ;  other  engineers,  calculating  by  Bolton  and  Watt's  standard,  estimate 
that  on  an  average  ilnorka  up  to  180  bone  power. 

At  the  entrance  end,  and  some  30  feet  from  It,  a  a  kind  of  balance  valve, 
(corresponding  to  Pinkus's  vertical  sLding  valve,)  very  ingeniously  contrived  to 
open  by  the  pressure  of  the  compressed  air  in  front  of  the  piston ;  and  at  the 
otlier  or  exit  end  is  another  valve,  apcnine  outwards  by  means  of  tlie  eom> 
pression  of  the  rarefied  ur,  after  the  puton  has  passed  the  tube  leading  (ram 
the  main  to  the  air  pump. 

The  continuous  valve  which  covers  the  slit  on  the  surface,  is  composed  of  a 
strip  of  oxhide  of  the  best  quality,  strengthened  above  and  below  by  Iron 
plates,  and  the  leather  is  double  in  the  part  which  closes  the  opening.  This 
valve  Is  faatened  down  by  one  edge,(as  described  In  the  extract  from  Mr.Clegg's 
Epecification,)  and  when  down  fits  closely  over  the  slit,  its  edge  being  covered 
by  a  composition  of  wax  and  tsilow.  From  near  the  centre  of  the  leading 
carria^  descends  an  arm,  which  posses  through  the  aperture  of  the  main  to 
the  middle  of  the  piston  rod  within  the  main.  Before  the  point  where  this  arm 
U  connected  to  the  piston  rod  are  two  rollers,  (Ihe  foremost  of  which  i* 
smaller  than  the  other,)  for  the  purpose  of  raising  the  valve,  and  behind  the 
arm  are  two  similar  rollers,  for  the  purpose  of  keepmg  open  the  valve  at  that 
part,  and  thus  admitting  the  atmosphere  to  press  on  the  back  of  the  piston. 
Afler  tbe  arm  and  wheels  have  paused,  the  valve  drops  by  Its  own  gravity, 
and  is  forced  down  close  by  a  wheel  at  the  end  iif  the  first  carriage  passing 
over  it:  a  heater  filled  with  red'bot  charcoal  was  attached  to  a  second  carriage, 
for  Ihe  purpose  of  melting  the  campasiIii.>Ti,  but  we  believe  baa  since  been  laid 
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aricla^  as  vniieeenarj  or  ineffective.  The  adTanee  of  the  train  aait  aoDroachet 
the  itatioii  ia  xetarded  and  finally  aireited  hj  meani  of  a  Teiy  powernu  hrake; 
it  may  likewiie  be  aireatedon  any  part  of  the  line,  without  atopning  the  engine, 
hf  maana  of  a  Tal?e  in  the  piaton,  cennected  to  a  lever  attached  to  the  leadiiu^ 
canriaM^  I7  opening  whidi  valve  the  vacuum  in  front  of  the  piiton  is  destroyed 
and  the  air  before  and  behind  the  piston  is  in  equilibrio. 

Shortly  after  the  Dalkey  line  came  into  operation,  the  Fkench  govenunent 
deputed  a  Mona.  Mallet  to  examine  and  report  ujpon  the  operation  of  the  system 
aa  developed  on  that  Hne.  A  translation  ot  his  report  waa  subsequently 
pobKshad,  from  which  wo  select  the  following  eztracta,  ahowing  the  reaolts 
obtained  by  M.  Mallet  in  htsexperunents. 

'*  In  the  following  experiments  the  velocity  has  been  quoted  with  great  care. 
At  aadi  division  of  the  road,  forming  lengths  of  44  yards  (40m.  22.)  as  I  have 
bafoa  atated,  the  time  has  been  nuiriLed  by  means  of  an  instrument  in  the 
fcrm  of  a  wateh,  from  which  by  touching  a  mring  a  drop  of  ink  falls  upon 
piqper  prepared  to  receive  it  This  paper  takes  ot  course  a  regular  rotatory 
motioiL  From  the  time  thus  obtained  the  velocity  is  calculated.  In  my  notea 
are  the  velocities  of  several  trains  calculated  per  hour,  for  each  division,  and 
in  order  to  present  their  results  in  the  most  coroprehennble  form,  I  have 
arranged  them  in  quarters  of  miles,  and  in  thb  manner  formed  tiie  following 
table. 


Tods. 
30 
30 
38 
70 


80 


EXFSBDCENTS  ON  THE  WEIQHT  AND  YELOOFFT 

OF  TRAINa 


SPEED  PER  HOUR,  EZPBS88ED  IH  1IILB8, 
Conefpondiiif  to  the 


Pint 

Qaarterof 

ft  Mile. 


MDcfl. 
18.85 

17.95 
18.10 
18.37 


Second 

Quarter  of 

ft  ICOe. 

Third 

Qnarterof 

ft  Mile. 

Pontli 

Quftrterof 

ftMOe. 

raui 

•  Mile. 

Miles. 

Maes. 

Mllet. 

Miles. 

26.59 

26.47 

27.82 

32.18 

25.56 

26.47 

25.10 

28.80 

32.20 

28.96 

32.20 

80.00 

17.25 

19.71 

19.28 

21.37 

Sixth 

Qiuurtearof 

ftMOe. 


Miles. 
82.62 
30.97 
28.96 
20.95 


VELOCITIES  AT  THE  DESCENT  PRODUCED  BY  ORAYITT. 


13.69 


20.27 


22.24 


20.56 


21  .20 


21.00 


"  This  table  only  comprehends  six  quarters  of  a  mile,  or  2413m.  50;  die 
total  length  of  the  line  bein^  2787. 70,  there  remain  374  metres,  the  velocities 
of  which  are  not  reckoned  in  the  table.  These  374m.  are  at  the  terminus  of 
the  line. 
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EXPERIMENTS  ON  THE  WEIGHT  AND  SPEED  OP  TRAINS. 


It 

fa 


SPEED  PER  HOUR,  EXPRESSED  IN  MILES, 
Corresponding  to  the 


««  b  tt 

3  « 


I 


Tons. 
60.40 


70.40 


71  .40 


Mfles. 
12 


11  .25 


OD  3  at 


o 


Miles. 
20 


Miles. 
22 


18 


19 


O   €•* 

9 


MOes. 
21  .5 


17  .6 


12.00 


17 


18 


15  .5 


o 


§ 


S- 


Of 


Mfles. 
21.5 


18.4 


16.6 


MUes. 
21 


16 


OBSSnVATlOKS. 


12.5 


Weight  of  the  Train. 

Tons. 
7  Passenger  Wagons...25  .  17 
5  Wagons  for  Goods.... 27  .  10 

Iron  in  Chains  5  .  03 

47  Passengers 3  .  10 

60.40 

Wagons  as  above 52  .  27 

Iron  in  Chaius 10  .  03 

121  Passengtii^ 8  .  10 

70.40 

Wagons  as  above  52  .  27 

Iron 10  .  US 

134  Passengers  9  .  10 

71  .40 


'*  These  last  experiments  gire  us  information  on  some  points  not  previously 
noticed;  viz.  the  neight  of  the  mercury  in  the  barometer  during  the  course 
of  the  train.  For  the  first  it  stood  at  24}  inches  at  starting,  and  at  23 1  at 
the  end  of  the  journey  :  the  second,  after  having  sunk  from  24  j-  to  24^  it 
rose  to  24}* :  the  third,  it  sunk  from  24}*  to  24  inches,  and  returned  to  iis 
former  level.  In  each  of  these  experiments  the  resistance  throughout  the 
course  was  within  a  little  on  an  equilibrium  with  the  power. 

Conflicting  Opinions  on  the  merits  of  the  Atmospheric  System, — ^The  expe- 
rience of  the  atmospheric  system  on  the  Dalkey  line  has  called  forth  the  most 
opposite  opinions  on  its  ments  from  engineers  and  other  scientific  characters ; 
some  asserting  that  the  superiority  of  the  atmospheric  over  the  locomotive 
^stem  is  clearly  established  by  the  results  obtained,  whilst  others  maintain  that 
these  results  prove  not  merely  that  it  is  inferior  to  the  locomotive  system,  but 
that  it  is  utterly  inapplicable  m  the  generality  of  situations  and  circumstances 
in  which  railways  are  called  for.  Amongst  those  who  have  formed  a  favourable 
opinion  of  the  scheme,  we  may  mention  Mr.  Vignoles,  the  engineer  to  tlie 
Dublin  and  Kingstown  railway,  at  whose  recommendation  the  trial  of  the  system 
on  the  Dalkey  line  was  made,  and  who  has  since  decided  upon  adopting  it  on 
a  line  from  Vienna  to  Schonbrunn.  This  line,  however,  is  to  be  a  double  line, 
thereby  obviating  some  of  the  objections  raised  against  the  system  on  the  score 
of  the  difficulty  of  working  the  lines  with  regularity  and  punctuality — but  at 
the  same  time  annulling  most  of  the  advantages  claimed  for  the  system  in 
point  of  economy  of  construction  and  of  working.   Mr.  Brunei  has  not  only  ex- 

{ tressed  a  decidedly  favourable  opinion  of  the  system,  but  has  adopted  it  on  a 
ine  now  constructing  by  him  (the  South  Devon,  if  we  recollect  rightly).  Mr. 
Cubitt,  although  expressing  a  more  qualified  opinion,  has  deemed  the  plan 
worthy  of  trial  on  a  portion  of  the  Croydon  line,  in  contemplation  of  its 
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fadi«r  applieatum  on  the  line  from  Croydon  to  Epsom ;  and  an  atmoepberic 
line  b  in  progrew  from  the  latter  place  to  Portsmouth.  The  French  Govern- 
ment (in  consequence  we  believe  of  M.  Mallet's  report)  have  likewise  shown 
that  Ibej  entertain  a  favourable  opinion  of  the  plan,  oy  ordering  it  to  be  applied 
on  a  short  line  finom  Arras. 

On  the  adverse  side  of  the  question  are  ranged  amongst  others  the  names  of 
Iff.  R.  Stephenson,  Mr.  Bidder,  Mr.  Nicholson,  and  Mr.llerapadi. 

8Uflkmimm*»  BeforL — ^Mr.  R.  Stephenson,  in  a  most  able  and  impartial  report 
OB  the  Atmoqihene  railwaj,  addressed  to  the  directors  of  the  Chester  and 
Holjbead  railway,  comes  to  conclusions  extremely  unfavourable  to  the  invention. 
Mr.  StephenaoD's  views  are  founded  entirel  v  upon  experiments  made  by  himself 
and  his  asnatants ;  which  are  so  fUly  and  clearly  detailed  in  the  report,  and 
their  bearinf^  so  clearly  but  temperately  stated,  that  we  regret  that  our  limits 
will  not  admit  of  our  giving  more  than  a  summary  of  this  valuable  document; 

The  first  snljecl  treated  of  in  the  report  is  the  amount  of  leakage.  To  deter- 
mine this  amount  for  each  part  of  the  apparatus  separatelv  when  at  rest,  the 
engine  was  stopped  after  a  certain  amount  of  exhaustion  had  been  effected,  and 
the  rate  at  which  the  mercury  in  the  barometer  fell  was  noted,  repeating  the 
process  with  various  lengths  of  the  vacuum  tube,  and  with  the  pump  and 
connecting  pipe  alone.  These  ex^riments  diow  that  the  amount  of 
leakage  per  minute  may  be  taken  as  uniform,  and  the  average  of  a  considerable 
number  of  them  gives  the  leakage,  at  the  densitv  of  the  external  air,  as  219 
cubic  feet  per  minute  for  the  connecting  pipe  and  air  pump,  and  252  feet  per 
minate  fiir  the  vacuum  tube,  or  186  cubic  feet  per  minute  for  a  mile  in  length. 
The  report  then  goes  eo  to  observe, — **  but  it  is  evident  that  all  leakage  must 
be  introduced  into  the  vacuum  tube,  not  at  the  densi^  of  the  extemu  atmo- 
sphere, but  expanded  according  to  the  degree  of  raimction  of  the  air  in  the 
tube ;  and  hence  the  effect  of  this  constant  amount  of  leakage  upon  the  velocity 
of  the  piston  in  the  vacuum  tube  will  be  various  at  the  diflmrent  heights  of  the 
barometer.  For  example,  at  Kingstown  the  leakage  of  the  connecting  pipe  and 
pump  is  219  cubic  feet  per  minute,  and  that  of  the  vacuum  tube  252  cubie 
feet  per  minute ;  or,  471  cubit  feet  of  air  at  the  density  of  the  atmosphere  is 
introduced  into  the  vacuum  tube  in  each  minute:  but  if  the  height  of  the 
barometer  in  the  tube  be  15  inches,  or  the  air  twice  rarefied,  the  effect  of  this 
leakage  will  be  doubled,  and  the  quantity  of  air  to  be  extracted  from  the  tube  in 
each  minute  will  be  increased  by  942  cubic  feet;  and  if  the  air  in  ihe  tube  be  five 
times  rarefied,  or  the  barometer  stand  at  24  inches,  it  will  be  increased  by  2,355 
cubic  feet,  instead  of  471  cubic  feet,  in  each  case.  As  the  degree  of  exhaustion 
advances,  the  retarding  influence  of  the  leakage  upon  the  speed  becomes  more 
and  more  serious ;  for  while  the  velocity  of  the  air  pump  piston  remains  con- 
stant, or  very  nearly  so,  and  the  cubic  extent  of  eacn  stroke  is  the  same  what- 
ever the  density  of  air,  the  effect  of  the  leakage  is  increased  with  the 
rarefaction,  and  the  maximum  velocity  attainable  by  the  train  is  proportionably 
bwered." 

Previously  to  calculating  the  effect  of  these  conditions  upon  the  velocity,  the 
report  details,  in  a  table  of  great  extent,  the  experiments  made  to  ascertain  the 
practical  velocities  under  i&'erent  circumstances.  We  have  arranged  Mr. 
Stephenson's  summary  of  the  results  in  Table  A. 

Mr.  Stephenson  then  proceeds  to  calculate  the  effect  of  the  leakage 
(as  ascertained  with  the  apparatus  in  a  state  of  rest)  upon  the  theoretic  velocity, 
computed  from  the  velocity  of  the  air  pump  piston,  and  the  ratio  between  ita 
area  and  the  area  of  the  piston  in  the  vacuum  tube ;  and  the  calculation  shows 
a  loss  upon  the  theoretic  velocity  of  from  7  to  30  per  cent  in  the  apparatus 
at  Kingstown,  and  from  12  to  48  per  cent,  with  a  vacuum  tube  of  4  miles  in 
lengUi;  the  loss  varying  as  the  pressure  is  increased  from  3  to  12*  2  lbs  per  inch. 
But  a  considerable  difference  is  abo  found  between  the  practical  velocity  and 
this  last  calculated,  showing  a  further  loss  of  velocity,  increasing  from  26  to  41 
per  cent  between  the  pressures  of  9  and  12*  2  lbs  per  inch,  making  a  total  loss 
on  the  theoretical  velocity  between  these  pressures  varying  from  39 to  71  per  cent. 
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This  difference  between  the  calculated  velucily  and  tfaat  oblaiQed  in  practice  ahovs 
that  tbe  amount  of  leakage  ii  greater  nhen  the  apparaiui  is  in  motion ;  part  of 
which  Mr.  SlepheiiiKin  lupposes  lo  arise  at  tbe  air  pump  and  at  tbe  tube  piston. 

Upon  the  subject  of  the  weight  drawn,  ticlian,  masimura  velocity,  &c.,  the 
autbor  gives  ibe  following  table,  (B.) 

In  this  table  those  trains  are  selected  from  the  twenty  experimenti  before 
mentioned  which  present  the  most  uniform  and  valuable  result!  ;  the  data  for 
calculation  are  given  in  the  first  7  columns ;  tbe  8lb  column  gives  the  total 
power  of  the  air  pump  during  the  whole  time  the  engine  was  in  motion.  In  each 
experiment  the  mean  reaislance  to  the  air  pump  piston  is  multiplied  into  Ihe 
velocitj  of  the  sir  pump  piston,  and  is  increased  in  the  proportion  between  the 
total  lime  ihe  air  piston  was  in  motion,  and  the  lime  required  for  a  train  over 
the  entire  diaiance,  si  itsmaiumum  uniform  velocity.  The  power  indicated  by 
the  air  pump  during  tbe  motion  of  the  train,  as  shown  in  the  0th  column,  ii  found 
by  tnilltiplymg  the  total  resistance  to  tbe  air  pump  piston  due  to  tbe  maicimum 
uniform  vacunm  into  the  velocity  of  tbe  piston,  and  subtracting  the  product 
from  the  total  power  of  working  the  air  pump  (column  8),  the  remainder  show* 
Ihe  power  absorbed  in  atlaining  the  vacuum,  as  given  in  column  10.  Column 
11  ^ves  the  amount  of  power  absorbed  by  the  train  at  its  maximum  uDiTorm 
velocity  on  the  ascent  of  1  in  115  ;  and  column  13  gives  the  power  indicated 
by  tbe  triction  and  gravity  of  the  train,  multiplied  into  Ihe  maximum  uniform 
velocity.  It  will  be  observed  that  ibii  power  is  in  every  case  leas  than  that 
indicated  by  the  maximum  velocity  of  the  train  ;  and  the  difference  between 
the  two,  enarmoui  oa  it  is  at  tbe  higlier  velocities,  Mr.  Slephenson  contidert 
must  be  ascribed  to  tbe  resistance  of  the  atmosphere ;  and  it  is  accordingly  jdaccd 
under  that  head  in  column  14. 

In  connexion  with  this  part  of  Ibe  subject  Mr.  Stephenson  observes,  "  In 
referring  to  this  column  representing  the  loss  of  power  from  the  reliance  of 
the  almospbere,  it  will  be  observed  there  in  a  very  rapid  reduction  in  tbe  Ion 
as  tbe  speed  is  diminished ;  indicating  most  salislai;tori1y  the  excessive  expendi- 
ture of  power,  and  consequenl  augmentation  of  expense,  in  working  at  high 
velocities  upon  railways."  This  remark  is  of  course  equally  appiicable  to  all 
railways,  whatever  may  be  the  motive  power  employed,  and  it  is  here  introduced 
onl^  for  the  purpose  of  showing,  that  the  attainment  of  speed  exceeding  that 
which  is  now  reached  upon  tome  of  the  existing  lines  of  railway,  is  a  matter  of 
extreme  difficulty,  and  that  ihe  ittmospbcric  system  is  not  exempt  trota  that 


STEFHENSON'S  REPORT. 


T 

9 

.==.===5..-..- 

f         K.  aiw. 

ssssa^sesssss 

r 

Wdl^l. 

1 

^»o«0«».C«»-^tDO. 

- 

Ililisiiiiiss 

? 

Frictiun  and 

^ 

SSSS!SSgS|!g§!!!: 

P 

S" 

£S:S£SSS£SiS£S 

1 

H...- 

1 

' 

?r.=.=Frrr??=f^ 

fli 

"^Z^ 



SaSSSaaaSSaSp 

if 

^ 

=llslS?ISHSs 

If 

t™.po™^-«.. 

11 

Fnnr  inlluted  If 
AJ.^.mnp   during 
lloHoD  of  TniD. 

saassssssassa 

= 

ilgigiislSSas 

If 

Powtr  ihMrbed  In 

sssssssssssssa 

il^ 

= 

If 

Valod^  Ynln. 

sgrssEsassssss 

= 

lilSsssiSS=sa 

If 

Lo«  of  Fowei  indl- 
uolRinnVeKKiljof 

323SS!SaSSStSS 

^ 

s 

asssssssssaas 

If 

P»>n  Indlroltd  tiT 

= 

sssgstssassiss 

If 

Lou  bj  I»UU 

and 

...-.ssssassE 

"'"- 

100  STEPHfi.VSON-S  BEPOKT. 

wieteful  application  or  power  which  high  vclocitici  inpinlabl;  rn  nil.  Wt  har* 
in  ibe  experiment  No.  4,  ihe  efleclive  applicalion  of  a  pnoer  of  150  honet,  of 
which  78  bona  power,  or  upwards  of  60  per  cerL,  is  absorlied  hy  the  resirtaDce 
crf'ihe  atmonibeTe  m  a  velcrcity  of  aboatSS  miles  per  hour. 

We  woula  call  the  reader's  nllenlioD  to  tha  power  absorbed  in  obtaining  ■ 
vacuum,  ai  ascertained  by  a  comparison  of  column  8  with  column  9,  and  set 
forth  in  column  10.  Mr.  StepUemon  obnerves,  "  It  may  not  be  at  first  cleuly 
understood  why  the  power  of  this  column  (8)  exceeds  so  greatly  that  given  in 
the  next  [9],  wtiich  ia  the  actual  power  required  to  nork  the  air  pump;  but  tbi* 
wJtl  be  apparent  when  it  ia  remembered,  that  the  positive  power  baa  beeir 
here  increased  in  the  proporlioQ  of  the  total  time  the  air  pump  was  at  work  to 
the  time  required  for  the  irsin  to  pass  over  the  entire  diltance  at  its  maKimutn 
velocity,  which  increase  has  been  made  in  order  that  a  direct  comparison  may 
be  inBtitutfd  between  this  total  power  and  Ihe  power  required  for  each  of  the 
VBrious  reaistances  of  the  train. "  We  think  tbia  point  hai  not  been  suffidenily 
kept  in  view  when  the  power  required  ia  the  atmospheric  railway  bus  been  iti 
quealioii,  and  that,  if  not  a  fatal,  it  ia  at  least  a  formidable  objection  to  the 
almoBpheric  syatcm  under  any  arrangement,  and  that  it  goes  fir  to  neultalize 
one  advantage  claimed  for  the  ayslem,— that  ibe  dead  weight  of  the  engine  and 
tender  is  got  rid  of.  To  illustrate  this,  let  it  he  supposed  that  the  vacuum  ID  the 
main  il  produced,  not  by  a  pump  worked  by  a  stationary  engine,  but  by  a 
travelling  pblon  in  the  tube,  connected  to  a  locomotive  engine,  the  train  being 
connected  to  onoibcr  pi&ton  detached  from  the  former ;  and  that  the  dis- 
tance  between   the   pietona   at  slartine  is   equal   to  the  length  of  a  section 


of  the  tube — lay  2  mile* :  then,  if  the  reaistance  of  the  train  be  equiva 
lent  to  a  preiiute  of  15  incites  of  mercury  on  the  area  of  tbe  pxalon,  or, 
in  other  words,  if  the  air  in  ibe  lube  be  rarefied  to  half  tbe  deaeity  of  the 
atmnpheric,  it  is  clear  that  the  locomotive  piston  must  travel  two  milea  before 
the  train  begina  to  move ;  and  if  we  suppose  the  engine  to  be  provided  villi 
means  of  cutting  off  the  steam,  so  ng  always  to  proporiion  it  exactly  lo  the 
resistance,  still  the  power  employed  in  producing  the  vacuum  requisite  to  let  the 
train  in  motion  will  be  nearly  ibat  required  to  propel  the  train  hatf  tbe  length 
of  Ihe  sectiou,  or  to  propel  half  the  load  of  the  train  the  whole  length  of  the 
aectioQ.  If  the  reaittonce  of  the  train  required  the  air  in  the  tube  to  be  rarefied 
to  one  fourth  of  the  density  of  the  atmosphere,  equal  lo  a  pressure  of  22^  inches 
of  mercury,  the  locomotive  would  have  to  travel  over  ais  miles  ere  tbe  train  would 
begin  lo  move,  and  the  power  thus  expended  would  be  equal  to  that  required 
for  propelling  the  entire  train  three-fourths  of  the  lenglb  of  Ihe  sectjon,  or  to 
propelling  Ibree-foiirths  of  the  train  the  entire  length  of  the  section :  in  other 
words,  the  effect  i)  tbe  aome  aaif  an  addition  bad  been  made  to  the  dead  weight  of 
the  train,  equal  In  the  first  lupposed  case  lo  half,  and  in  the  second  to  three- 
fourths  of  tbe  weight  of  the  tram.  Now,  by  referring  to  the  table  it  will  be  seen 
that  the  ISth  tram,  weighing  5S  '3  tons,  required  a  vacuum  in  the  lube  equal 
'"    "  '     '   B  of  mercury;   tlie  power  lost,  therefore,  in  tbia  case,  will  he 


equivalent  to  an  addition  of  a  dead  weight  lo  the  train  of  more  than  lhree~faurtlii 
of  tbe  whole  weight,  or  more  than  15  tons.  But  the  weightof  the  largest  enHne 
with  iti  tender  on  the  Great  Western  railway  we  believe  does  not  exceea  '26 


I  itated  that  one  of  these  enginei  would  take  156  tons  of  groas 
load  al  45  milei  per  hour  ;  in  lliis  inatance,  iberefore,  the  dead  weight  of  the 
locomotive  is  only  about  Gve-nintha  of  that  of  the  atmospheric,  and  constitute! 
only  one-aiith  of  the  grosa  load  ;  whereas,  on  the  atmospheric  line,  it  u  equal  to 
three-sevenths  of  the  groas  load.  In  the  above  calculation  no  account  haa  beeu 
uken  of  leakage,  which  would  of  courae  increaae  the  amount  of  power  lost. 

Having  given  the  resulta  obtained  on  the  Dalkey  tine,  IVJr.  Stephenson 
proceeds  to  draw  a  comparison  between  the  working  of  the  Atmospheric  and 
the  other  gyslem*.  As  an  example  of  fixed  engbra  with  ropei,  he  selreta  Ibe 
incline  on  the  fiirmingbam  line,  between  Cnmden  Town  and  Euston  Square, 
because  it  presents  a  case  which  la  similar  lo  that  at  Kingstown;  or,  atall  evenia, 
Ihe  diaparities  are  not  such  as  will  materially  interfere  with  the  comparison. 
The  following  table  exhiluts  tbe  reaulta  of  experiments  upon  tbia  incline,  villi 
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f  Tope  7  loo* 
124  feet  p«  m 


_. _  n  piitoD  2  -9  lbs  and  3  '0 1^  per 

■qiuro  tndi;  Mctioa  of  eogine  13  ll.  P.;  friction  and  gmnty  of  rope  45  H.  P.; 
velocity  of  tnin  20  milei  pei  honr;  friction  and  gnrily  of  train  31  '1  lb*  per 

Mr.  Stephnuon  then  compare*  the  fourth  train  in  the  lait  table  with  the 
eighteenth  train  in  the  preceding  table,  bebg  two  ea*ei  which  ^caent  the 
cloaeat  analogf  in  the  amount  of  their  reaiitance*  and  velocity.  The  la«*  of 
power  from  wo^ng  the  Tape,  ai  ihown  in  the  table,  it  30  per  centof  the  whole; 
but  thia  mnit  be  iocrewed  in  the  proportion  of  the  mean  to  the  maximum 
velodtj,  which  in  ihii  bilance  i«  aicertained,  from  experiment*  nude,  to  add 
thirtj-MTen  hone  power  to  the  lou,  making  dte  total  Ion  by  the  rope  on  the 
Eiuton  incline  45  per  cent  whilit  on  the  Dalkey  line  the  loai  by  the  atmotpheric 
apparatn*  ia  74  per  cent.  Thii  remit  ii  obtained  with  what  may  be  regarded 
u  an  average  train  on  the  Eiutoa  incline ;  it  ii  evident  tbetefbre  that  m  thi* 
parliciilarinataneetberapeiicotiiMenbly  more  ecoDomical  than  the  Atmoipheric 
mtem.  AMoming  other  weighta  of  train,  ai  the  weight  of  the  train  ii 
djminbbed  the  proportionate  Iom  ^rj  the  atmotpheric  decreaaea,  and  the  la** 
by  the  rope  angmenta;  whibt  bj  bcreaiing  the  weight  of  the  traini  the 
pnnKiTtiantte  lot*  bj  die  atmoepheric  i>  augmeoled,  and  that  by  the  rope 
u  diminiibed.  Comparing  the  atmoapheric  with  the  loeotnotite  ijitem,  Mr. 
Stephenaon  admit*,  with  light  (nuna  upon  iteep  incline*  sod  at  coniiderable 
velodliea,  the  atmoapheric  lyitem  (in  common  with  all  lyitem*  in  which 
Btationary  engine*  are  employed)  may  poadbly  exceed  the  capabilitiea  of 
locmnotivc  engines ;  bat  that  if  the  load*  he  converted  into  equivalent  load*  on 
a  level,  then  the  locomotive*  have  the  advantagef  Tlina,  taking  the  experiment 
N«.  4  in  the  lahe  of  the  Dalkey  performance*,  (which  he  coniiden  a*  indi*- 
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putablv  the  most  favourable  one  recorded,)  the  load  was  26  *5  tons  taken  up 
an  incline  of  I  in  1 15  at  a  speed  of  34  *7  miles  per  hour,  which  he  shows  to  be 
equivalent  to  44  tons  upon  a  level  at  the  same  speed  of  34  * 7  miles  per  hour ; 
but  this  is  much  exceeded  daily  on  many  lines  of  railway,  and  especially  by 
the  Great  Western,  and  the  Northern  and  Eastern.  On  a  long  series  of  steep 
gradients,  extending  over  several  miles,  and  where  the  nature  of  the  traffic  is 
such  that  it  is  essential  to  avoid  intermediate  stoppages,  the  atmospheric  system 
would  be  most  expedient;  but  if  intermediate  stoppages  are  not  objectionable, 
as  in  the  case  of  the  conveyance  of  heavy  goods  and  mineral  trains  on  the 
railways  in  the  neighbourhood  of  Newcastle-upon-Tyne,  the  application  of  the 
rope  is  preferable  to  the  atmospheric  system,  as  is  fully  established  by  the 
comparison  made  between  the  Kmgstown  and  the  Euston  inclines. 

Ou  the  questions  of  expense  of  construction,  and  of  working  a  long  line  of 
railway,  the  report  is  equally  unfavourable  to  the  atmospheric  system ;  but  upon 
these  points  the  arguments  are  necessarily  based  upon  assumptions,  as,  from  the 
£Eu;t  of  the  system  not  having  yet  been  brought  into  operation  on  an  extended 
scale,  no  reference  can  be  made  to  experience  ;  and  the  premises  upon  which 
Mr.  Stephenson  argues  are  so  widely  different  from  those  assumed  by  the 
advocates  of  the  atmospheric  system,  that  we  cannot  be  surprised  at  the 
enormous  discrepancy  of  the  conclusions  at  which  they  severally  arrive. 

In  computing  the  cost  of  construction  under  the  atmospheric  system,  its 
supporters  always  assume  that  a  single  line  will  be  sufficient ;  but  this  Mr. 
Stephenson  does  not  admit ;  on  the  contrary,  he  contends  that  the  only  means 
by  which  the  atmospheric  system  can  (if  at  all)  meet  the  various  exigencies  of 
ordinary  railway  traffic,  is  to  employ  a  double  liue  of  tube  :  this  at  once  doubles 
the  actual  cost  of  the  apparatus,  and  at  the  same  time  disallows  those  claims  to 
economy  of  construction,  founded  upon  the  •smaller  quantity  of  land  required,  and 
the  diminished  size  of  the  bridges  and  tunnels.  We  regret  that  our  space  will 
not  allow  us  to  give  at  length  the  arguments  by  which  Mr.  Stephenson  supports 
his  opinions,  and  that  we  must  limit  ourselves  to  his  calculations  of  the  com- 
parative cost  of  the  system. 

Mr.  Samuda,  modifying  his  calculations  by  his  experience  on  the  Dalkey 
line,  gives  the  following  as  his  estimate  of  the  cost  for  the  apparatus,  as 
applicable  to  such  lines  of  railway  as  the  London  and  Birmingham : — 

COST   FER    MILE    IN    LENGTH. 

Vacuum  tube  15  inches  diameter        €1,632 

Longitudinal  valve,  &c 770 

Composition  for  lining,  and  valve  groove 250 

Planing,  drilling,  &c 295 

Laying,  joining,  &c 295 

Station  valves,  and  piston  apparatus 100 


£3,342 

Engine,  100  horse  power,  with  pump,  &c £4,250 

Engine  house,  chimney,  &c 450 

Total  for  3i  miles        4,700 

Cost  per  mile  in  length 1,345 

Total  cost  per  mile    ....  £4,685 


On  this  Mr.  Stephenson  remarks,  **  It  will  be  observed,  that  Mr.  Samuda 
has  only  estimated  for  a  single  line  of  vacuum  tube,  and  a  single  series,  under 
the  impression  that  such  an  arrangement  is  adequate  to  meet  every  necessity ; 
but  from  what  has  been  said  on  this  part  of  the  subject,  I  think  it  is  made 
evident  that  such  a  limitation  in  the  arrangements  on  any  important  line  of 
communication  would  be  very  inexpedient,  to  say  the  least:  I  have  consequently 
revised  this  estimate,  and  the  following  appears  to  me  to  be  the  miniir^^iin 
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at  wbieb  ttie  atmoipherie  apparatm  could  be  applied  to  an  j  eztenuTe 
liiie  of  nflwajr : — 

COOT   PER  MILE   IN    LEMOTH. 

Yaemim  tube  15  inches  diameter £7,000 

Two  engtnet,  250  bone  power  each,  at  33,000  Ibe,  with 

pumpi,  &C.  complete^  at  £25  per  horse  power  ....  12,500 
Engine  house,  chimney,  resenrour  or  well 1,500  * 

Total  for  31  milef 14,000 

Cost  per  mue  in  length 4,000 

Total  cost  per  mile    .    .    .  £11,000 

M  This  amount  exceeds  Mr.  Samuda's  estimate  very  considerably,  but  the 
cause  has  beoi  suflldently  explained. 

**  The  power  of  the  engines  that  I  have  assumed  may  at  first  appear  laigs^ 
but  taking  the  en^e  on  the  Kingstown  and  Dalkey  railway  as  our  guide,  it 
will  be  found,  that  the  power  reckoned  upon  does  not  exceed  that  which  would 
be  required  to  ensure  sufficiently  high  velocities,  with  only  the  average  passen- 
ger trains  which  now  travel  on  the  London  and  Birmingham  railway ;  and  we 
must  bear  in  mind  that  the  atmospheric  system  involves  the  necessity  of 
employing  very  nearly  the  same  power  with  light  as  with  heavy  trains. 

"  The  engine  at  Kingstown  may  be  taken  at  neariy  200  horse  power,  and 
capable  of  moving  a  train  of  about  36  tons,  upon  a  gradient  of  16  feet  per  mile, 
at  35  mUes  per  hour.  If  we  extend  the  length  of  tube  to  3^  miles,  when  the 
increased  leakage  is  added,  the  power  required  to  move  even  such  a  load  (which 
is  below  the  average  load  of  the  London  and  Birmingham  traffic)  at  this  velocity, 
will  be  upwards  of  the  250  horse  power,  which  I  nave  assumed  as  requisite 
and  which  makes  the  gross  expense  £11,()00  per  mile.  * 

"  By  referring  to  the  half  yearly  statements  of  accounts  of  the  London  and 
Birmingham  railway  company,  it  will  be  seen  that  the  capital  invested  in 
locomotive  engines  up  to  Slst  December,  1843,  was  £171,974  17«.  6d,  For 
the  purpose  of  arriving  at  the  whole  capital  actually  invested  under  the  head  of 
power,  we  must  add  locomotive  engine  stations  for  repairing  &c. :  this  item  is 
not  separately  stated  in  the  account,  but  we  shall  be  safe  in  taking  it  at 
£150,000,  making  the  total  investment  for  power,  £321,974.  It  must  be 
understood  that  I  am  not  attempting  here  to  comprise  all  the  sums  which  might 
come  under  this  heading,  supposing  the  accounts  to  be  fully  dissected,  my  only  ob- 
ject is  to  make  a  comparative  estimate,  which  is  done  correctly  enough  without 
introducing  such  items  as  would  be  common  to  both  systems.  The  comparison 
of  capital  expenditure  for  power  upon  this  basis  on  the  London  and  Birmingham 
railway,  woiud  stand  thus : — 

Locomotive  engines  and  stations £321,974 

Atmospheric  apparatus  for  111  miles,  at  £11,000  per 
mile 1,221,000 

making  a  difference  in  favour  of  the  locomotive  system,  as  far  as  capital  in 
power  is  concerned,  of  £899,026.  This  large  disparity  in  the  cost  of  the  two 
descriptions  of  power  might,  it  is  urged,  be  more  than  saved  by  a  reduction  in 
the  original  cost  of  construction  of  the  railway.  This  is  partially  true  in  the 
case  of  the  London  and  Birmingham  railway,  but  not  by  any  means  to  the 
extent  generally  imagined. 

"  1  cannot  now  attempt  to  enter  into  the  minutiae  of  thb  part  of  the 
subject,  because  it  would  involve  a  complete  revision  of  all  the  original  plans, 
and  numerous  considerations  which  could  not  now  be  fairly  weighed.  For  the 
purpose,  however,  of  canying  out  the  comparison  regarding  capital  in  this 

•  Mr.  Stephenson  takes  33,00OIbs  as  the  standard  of  horse  power,  but  Mr.  Samuda  takes 
06,000 ;  therefore,  the  engine  which  Mr.  Samuda  reckons  at  100  horse  power,  Mr.  Stephinson 
et>tiinates  as  20O  horse  power,  so  that  the  actual  difference  in  the  estimate  of  the  power  required 
to  exhaust  the  pipe  is  only  as  100  to  125. 
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particular  ease,  we  may  suppose  that  a  saving  of  £900,000  might  have  been 
accomplished  in  the  original  design,  by  the  application  of  the  atmospheric 
mtem,  still,  it  would  only  have  been  a  transfer  of  expenditure  from  excava- 
tions, tunnels,  and  bridges,  to  steam  engines  and  pipes;  the  ultimate  capital 
would  thus  have  been  the  same. 

"  If  we  now  take  some  other  lines  of  railway,  with  the  view  of  ascertaining 
how  far  their  cost  could  have  been  diminished  by  the  application  of  the 
atmospheric  system,  we  shall  find  that  as  the  surface  of  the  country  becomes 
more  favourable,  tlie  economy  in  construction  entirely  disappears,  and  when 
we  arrive  at  a  perfectly  plain  country,  such  as  exists  in  the  eastern  counties  of 
England,  where  few  provisions  are  required  in  the  form  of  excavations, 
tunnels,  and  bridges,  the  application  of  the  atmospheric  system  would 
certainly  double  the  original  cost  where  a  double  line  of  rails  is  employed. 
The  Grand  Junction  railway  is  a  case  where  no  reduction  of  original  outlay 
could  have  been  effected,  since  the  gradients  already  conform  to  the  natural 
sur£BLce  of  the  country  throughout  a  very  large  proportion  of  the  whole  line. 
The  adoption  of  the  atmospheric  system  in  this  case  would  therefore  have 
caused  a  very  large  augmentation  in  the  capital  of  the  Company,  probably  as 
much  as  £8,000  per  mile,  being  the  difference  of  cost  between  the  two  descrip- 
tions of  power." 

Mr.  Stephenson  next  proceeds  to  give  an  approximate  statement  of  the  cost 
of  working  the  two  svstems,  excluding  such  items  as  are  common  to  both ;  but 
he  observes,  that  "  while  the  cost  of  the  locomotive  power  is  taken  from  the 
accounts  of  the  company, — the  principal  items,  and  only  those,  which  may  be 
taken  as  certain  in  the  cost  of  the  atmospheric  system,  are  taken  into  the 
account  in  the  comparative  statement;  in  the  latter,  many  minor  expenses 
in  the  absence  of  experience  must  unavoidably  be  omitted ;  thus  giving  some 
advantage  in  the  comparison  to  the  atmospheric  system." 

"  The  expense  of  locomotive  power  upon  the  London  and  Birmingham 
railway  for  tne  year  1843,  was  as  follows : — 

Wages  of  engine  drivers  and  firemen £9,673 

Coke 25,541 

Oil,  hose,  pipes,  and  fire  tools,  pumping  engines  and  water    4,099 

Labourers  and  cleaners,  waste  and  oil .4,194 

Repairs  of  engines  and  tenders 12,521 

Coals  and  fire-wood,  expenses  of  stationary  engine  at 
Wolverton,  repairs  of  buildings,  gas,  and    incidental 

charges 3,172 

Superintendent,  clerks,  and  foremen's  salaries,  and  office 

charges 4,634 

£63,834 

"  The  expense  of  working  the  atmospheric  system  for  one  year,  I  estimate 
approximately  as  follows : — 

Wages  of  engine  men 64  at  6<.  \     a^^r^n 

„        stokers 64  at  3#.  j     ^^^*^^^ 

The  same  during  the  night 10,512 

Coal,  172  tens  per  day,  at  9«. 28,332 

Oil|  hemp,  tallow,  and  repairs  at  5  per  cent  on  cost  of 

engpies 20,000 

Superintendence,  same  as  lucomotive 4,634 

Annual  cost £73,990 


This  statement,  in  Mr.  Stephenson's  opinion,  sufficiently  establisbes  the  fact 
that  the  cost  of  working  the  London  and  Birmingham  railway,  or  any  otbei 
line  with  a  similar  traffic,  by  the  atmospheric  system,  would  greatly  exceed 
that  by  locomotive  engines. 
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Hafing  conclodcd  hit  obsenrationt  upon  the  question  of  power,  original 
ontlav,  and  cost  of  working,  the  two  latter  haying  reference  chiefly  to  the 
London  and  Binningham  railway,  he  proceedi :  "I  will  now  offer  one  brief 
remark  oo  the  application  of  the  atmospheric  system  to  lines  where  the  traffic 
it  of  very  moderate  extent  The  Londoo  and  6urmingham  railway  having  an 
unparalleled  traffic,  it  is  one  of  the  best  cases,  in  a  eeneral  point  of  view,  to 
wmch  the  atmoepheric  system  could  be  applied.  Let  us  now  conceive  it 
mdied  to  a  case  of  an  opposite  character---for  example,  the  Norwich  and 
Yarmoiith  railway,  which  has  cost  about  £10,000  per  mue,  including  stock  and 
eveiy  apportenance.  This  line  passes  over  a  country  in  which  the  application  of 
theatmoepheric  system  could  have  effected  no  economy  whatever  in  the  formation 
of  the  line,  which  has  not  exceeded  a  cost  of  iC8,000  per  mile.  The  applica- 
tioQ  of  a  single  line  of  the  atmospheric  apparatus  would,  in  this  instance, 
have  added  at  least  £5,000  per  mile,  which  upon  20  miles,  the  len^  of  the 
railway,  woidd  amount  to  £100,000.  The  mere  interest  of  thu  sum,  at 
5  per  cent,  is  £5,000  per  annum ;  whereas,  the  actual  working  of  this  line, 
including  maintenance  of  way,  booking  offices,  porterage,  and  all  other 
constant  traffic  charges,  has  been  let  for  £7,000  per  annum ;  being  only  £2,000 
above  the  bare  interest  of  the  extra  capital  which  would  be  required  to  lay 
down  the  atmospheric  apparatus,  an  amount  which  would  be  ouite  inadequate 
to  meet  the  wear  and  tear  of  the  machinery  alone,  leaving  notning  to  meet  the 
current  cost  of  working.  Here,  therefore,  we  have  a  case  where  the  country  is 
favourable,  the  original  capital  small,  and  the  traffic  moderate,  where  the  cost 
of  the  atmospheric  system  would  be  so  burthensome  as  to  render  it  totally 
inapplicable. 

Mr.  Stephenson  sums  up  in  the  following  manner : — 

1st  That  the  atmospheric  system  is  not  an  economical  mode  of  transmitting 
power,  and  is  inferior  m  this  respect  both  to  locomotive  engines  and  stationary 
engines  with  ropes. 

2d.  That  it  u  not  calculated  practically  to  acquire  and  maintain  higher 
velocities  than  are  comprised  in  the  present  working  of  locomotive  engines. 

3d.  That  it  would  not,  in  the  migority  of  instances,  produce  economy  in  the 
original  construction  of  railways,  and  in  many  would  most  materially  augment 
their  cost 

4th.  That  on  some  short  railways,  where  the  traffic  is  large,  admitting  of 
trains  of  moderate  weight,  but  requiring  high  velocities  and  frequent  departures, 
and  where  the  face  of  the  country  is  such  as  to  preclude  the  use  of  gradients 
suitable  for  locomotive  engines,  the  atmospheric  system  would  prove  the  most 
eligible. 

5th.  That  on  short  lines  of  railway,  say  four  or  five  miles  in  length,  in  the 
vicinity  of  large  towns,  where  frequent  and  rapid  communication  is  required 
between  the  termini  alone,  the  atmospheric  system  might  be  advantageously 
apphed. 

6th.  That  on  short  lines,  such  aa  the  Blackwall  railway,  where  the  traffic  is 
chiefly  derived  from  intermediate  points,  requiring  frequent  stoppages  between 
the  termini,  the  atmospheric  system  is  inapplicable,  bemg  much  inferior  to  the 
plan  of  disconnecting  the  carriage  from  a  rope,  for  the  accommodation  of  the 
intermediate  traffic. 

7th.  That  on  long  lines  of  railway,  the  requisites  of  a  large  traffic  cannot  be 
attained  by  so  inflexible  a  system  as  the  atmospheric,  in  which  the  efficient 
operation  of  the  whole  depends  so  completely  upon  the  perfect  performance  of 
each  individual  section  of  the  machinery. 

fferapath's  Report, — Mr.  Herapath  published  a  most  able  and  searching 
analysis  of  M.  Mallet's  report ;  but,  from  the  great  length  we  have  already 
devoted  to  this  part  of  tne  subject,  we  can  do  little  more  than  notice  his 
observations  upon  the  amount  of  power  expended  in  relation  to  the  mechanical 
efiect  obtained. 

He  observes  that  *<  the  relative  areas  of  the  air  pump,  add  of  the  tube,  and 
the  number  of  strokes  made  by  the  air  pump  per  minute,  being  known,  we 
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obtain  the  length  of  main  that  could  be  exhausted  iti  an  hour,  which  is  the  rate 

the  load  should  travel  per  hour,  if  there  were  no  loss  from  leakage.     Again, 

having  the  exhaustion  of  the  main   in  inches  of   the  barometer,  and    the 

sectional  area  of  the  main,  we  get  the  tractive  power,  supposing  there  was  no 

friclion  in  the  main.     This  tractive  power  multiplied  by  the  velocity,  gives  the 

dynamic  effect  (or  momentum)  which  the  atmospheric  railway  should  have,  if 

there  was  no  leakage  or  friction  of  the  piston  with  its  gear  :  hence,  comparing 

this  with  experiment,  we  get  the  waste  of  power  employed,  or  the  expenditure 

to  produce  a  given  effect,  independently  of  knowing  the  power  of  the  engines. 

**  We  have  shown  that  the  air  cylinder  would  extract  73.154  yards  of  the 

main  at  every  stroke,  consequently,  there  being  22  strokes  a  minute,  we  have 

73.154X22X60       ,.   ^^^     .,  , 

tttzt: =  54 .  865  miles  per  hour 

1760  ^ 

for  the  velocity  of  a  train,  if  there  was  no  leakage  at  all.  Either  up  hill,  or  on 
a  level,  this  velocity  should  be  the  same  if  the  apparatus  was  perfect.  More- 
over, the  sectional  area  of  the  main  being  176.71  inches,  and  the  pressure  of 
a  column  of  mercury  one  inch  high  being  49lb8.,  we  shall  have  for  the 
pressure  of  an  exhaustion  of  24.75  inches — that  at  which  the  last  experiment 
(p.  492)  was  made,— 176.71  X  49  X  24.75  =  2143.  libs.  But  a  ton  of  goods 
going  up  an  incline  of  .00719,  gravitates  backwards  16.  lOlbs,  and  if  the  road 
friction  of  the  carriages  is  81bs.  per  ton,  we  have  24.  lib.  for  the  tractive  force 

2143  .  1 
to  draw  one  ton  up  an  incline  of  .00719.     Therefore  -— — ^=88.923  tons. 

Hence,  the  atmospheric  should  take  88 .  923  tons  up  the  Dalkey  incline,  at  the 
rate  of  54  .  865  miles  per  hour,  but  it  only  takes  71  . 4  tons  at  a  speed  of 
15  .  92  miles  an  hour.  Therefore,  what  the  apparatus  does  do,  is  to  what  it 
should  do,  as  71  .  4  X  15  .  92  :  88  .  923  X  54  .  865  :  :  1  :  4  .  3.  That  is, 
between  friction  and  leakage,  the  useful  effect  is  not  a  fourth  of  what  it  ought 
to  be,  and  this,  it  will  be  observed,  is  on  the  maximum  effect  of  the  plan." 
,  On  the  subject  of  the  cost  of  working  the  line,  taking  Mr.  Bergin's  state- 
ment, that  the  expense  amounts  to  /1,171  per  annum  for  the  whole  line,  ho 
observes,  that  this  is  equal  to  £781  per  mile,  and  gives  the  following  comparative 
view  of  the  cost  of  motive  power  on  the  atmospheric  and  the  locomotive  systems. 

Great  Western  locomotive £357 

London  and  Birmingham  ditto 575 

Dalkey  Atmospheric 781 

Again,  comparing  the  working  expenses  at  Dalkey  with  those  of  the  Camden 
station,  where  fixed  engines  and  ropes  are  employed,  he  computes  the  cost  of 
fuel  and  wages  at  Dalkey  by  the  same  scale  as  these  items  are  charged  at  the 
Camden  station,  and  he  makes  the  cost  of  the  Dalkey  line  to  be  £1,950,  £1,300 
per  mile.  By  the  statement  of  Mr.  Creed,  the  secretary  to  the  London  and 
Birmingham  line,  it  appears  that  the  expenses  of  .the  Camden  station  for  the 
year  1813,  amounted  to  £1,441,  and  the  line  being  1  mile  4  chains  in  length, 
this  is  equal  to  £1,372  per  mile. 

Bergin*a  Evidence. — Mr.  Bergin,  the  superintendent  of  the  Dalkey  line,  in 
his  evidence  before  the  Committee  of  the  House  of  Commons,  on  the 
Portsmouth  atmospheric  line,  stated  that  the  average  consumption  of  coal 
was  37  cwL  per  aay,  and  that  the  expense  of  working  the  line  was  £1,171 
per  annum,  which  he  distributes  asfollows: 

Coals,  engine  house  and  men £900 

Piston,  continuous  valve,  and  men  to  attend  the  same   .     .  271 

£1,171 

which  is  equal  to  £670  per  mile  per  annum.    The  cost  of  haulage  he  calculates 
to  be  lOd.  per  train  per  mile. 

PUbrow's  Atmospheric  Railway. — Although,  as  we  have  shown,  the  results 
obtained  on  the  Dalkey  line  are  not  imiversally  regarded  as  in  favour  of  the 
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ih—phwin  orineiplei  many  eminent  engineers  contending  tiuit  they  decidedly 
trtithih  its  minority  to  the  locomotive  tystem,  it  is  dear,  from  the  many 
iaiiiitlom  which  have  since  been  brought  forward  in  connexion  with  the 
■nljeGl^  that  the  principle  of  atmospheric,  or  at  least  pneamatic  propulsion  has 
nnmcRNM  partisans,  who  consider  that  all  that  is  required  to  establish  its 
•nperkfAty  la  cither  new  modes  of  applying  the  principle,  or  improrements  in 
Aa  deldb  of  czacution.  From  the  interest  excited  by  the  suoject  we  shall 
ptiaeaad  to  notice  a  few  of  these  inventions.  We  shaft  commence  with  Mr. 
FiOanov's  almoapherifi  railway  the  dbtinguishing  characteristic  of  which  is,  that 
Aa  atmonherio  main  or  tone  is  closed  throughout  its  length ;  the  connexion 
between  tlie  leaffiiw  carnage  on  the  rails  and  the  travelling  piston  inside  the 
taba  being  efteted  by  a  singular  and  extremely  ingenious  arrangement  The 
appatatna  connsts  ofa  e]rlindrical  cast  iron  tnl>e,  having  a  coverra  rectangular 
eoannd  extending  ahmg  its  upper  side.  Along  this  channel,  at  intervals  of  about 
SO  ftet^  are  fixed  smallsquare  boxes,  with  standards  to  each  to  support  a  pair  of 
vertical  spindles,  placed  one  on  each  side  of  the  channel.  On  the  lower  end  of 
each  mindle,  within  the  boxes,  and  on  a  level  with  the  channel,  is  fixed  a  pinion 
with  oolique  teeth,  and  to  the  upper  side  of  the  travelling  piston  is  attached  a 
bar  or  rack  with  similar  teeth  on  each  side ;  the  progress  of  the  piston  brings 
the  rack  between  the  wheels,  and  turns  the  spindles  round  with  great  veloci^. 
To  the  upper  ends  of  the  spindles  are  fixed  pinions  exactly  like  those  below,  and 
to  the  leading  carriage  is  attached  a  rack  siinilar  to  the  piston  rack.  This  upper 
rack  lies  immediately  over  the  lower  or  piston  rack,  and  gears  into  the  upper 
pinions ;  the  advance  of  the  piston,  therefore,  by  imparting  motion  to  the  upper 
pinions,  causes  a  corresponding  advance  of  the  carriage.  Each  rack  is  of 
sufficient  length  to  reach  from  one  pair  of  pinions  to  another,  and  consequently 
the  racks  are  always  in  eear  with  the  pinions  on  one  pair  of  spindles. 

The  annexed  cuts  will  help  to  render  the  foregoing  description  more  in- 
telligible. 

Fig.  1.  is  a  cross  section  of  the  atmospheric  main,  Fig.  2,  a  section  at  the 
boxes,  and  Fig.  3.  a  longitudinal  section  of  the  main,  with  the  piston  and  a 
portion  of  the  carriage  racks ;  a  is  the  tube,  and  b  the  rectangular  covered 
channel  extending  along  the  upper  side  of  the  tube ;  c  e  are  the  spindles,  and 
d  d  the  lower,  and  e  e  the  upper,  pinions  fixed  thereon ;  ^  is  a  valve  to  admit  the 
air  to  the  back  of  the  piston,  and  g  is  the  key  by  which  it  is  raised ;  h  is  the 
piston,  and  k  the  piston  rack  which  moves  luong  the  covered  channel,  and 
gearing  into  the  lower  pinions  gives  motion  to  the  spindles ;  m  is  the  external 
rack  which  is  attached  to  the  leading  carriage,  and  gearing  into  the  upper 
pinions,  the  carriage  is  impelled  with  the  same  velocity  as  the  piston ;  this  rack 
m  its  passage  depresses  the  key  g^  which  raises  the  valve  /,  by  which  the  air  is 
admitted  to  the  back  of  the  piston. 

Fig,  4  is  a  representation  of  the  leading  carriage  with  the  whole  of  the 
apparatus. 

It  cannot  be  denied  that  Mr.  Pilhrow's  arrangements  exhibit  great  ingenuity 
and  skill,  but  experience  is  wanting  to  show  how  far  the  system  is  adapted  to 
meet  the  various  exigences  of  railway  traffic.  The  point  on  which  failure  is 
most  to  be  apprehended  is  precisely  that  on  which  the  whole  system  depends, 
viz.,  the  mode  of  connecting  the  piston  with  the  train.  For  the  perfect  working 
of  the  plan  each  pair  of  pinions  sliould  stand  in  such  position  that  the  teeth  of 
the  piston  rack  shall,  on  reaching  the  pinions,  fall  into  the  space  between  two  of 
the  pinion  teeth,  instead  of  encountering  the  teeth  themselves ;  should  the  latter 
event  happen,  the  rack  and  pinions  would  be  liable  to  become  jammed,  and  a 
fincture  of  some  part  of  the  apparatus  must  ensue ;  but  even  supposing  this 
objection  to  be  of  no  practical  moment,  stQI,  when  we  consider  the  momentum 
of  a  heavy  train,  which,  moving  with  a  velocity  of  30  miles,  comes  in  contact 
with  the  pinions,  which  are  at  rest,  it  is  to  be  feared  that  the  teeth  of  the  racks 
and  pinions  would  soon  be  destroyed,  or  at  least  that  a  series  of  shocks  would 
take  place,  as  the  racks  became  engaged  with  the  pinions  in  succession,  which 
would  prove  highly  unpleasant  to  passengers,  and  tend  to  check  the  velocity  and 
to  increase  greatly  the  wear  and  tear  of  the  carriages.    Should  these  difficulties. 
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hovrcver,  prove  to  be  imaginmy.  or  greally  DTrrrnted,  we  ihinV  it  will  be  tonnA 
to  [MUCH  many  of  the  advanlajge*  over  ihe  Sorouda  lyilem  vhich  Mr.  Fillirow 


ha»  claimed  for  it  in  a  pamphlet  which  Iw  hH  pnbliihtd.     Among  the   lent 
dis)iutili1e  of  theM  advaatogm  arc  (he  foUowiag : — 
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rejpvda  bcflitj  ud  aoODOmy  t^  canitnictioi) ;  public  lo^  may  txom 
Urn  iBsat  m  Wrd,  vkMbj  tridfM  •■•  iwiderad  mnneBWijr ;  do  crun  or 
•bnlad  nOi  m  laqnired  far  tabag  canUgM  on  oi  off  the  hua,  and  diSeroit 
faM  if  nllwmj  nn  eroM  aaeh  other  at  auj  nquind  anglt,  (ona  tube  paninf 
Mov  the  odMT  tBM^}  wUch  on  Mr.  Samndaa  plan  cannol  b«  done.  Mr. 
FBItovAoAvditaM  kMfiiiK  m  nntdi  the  ooat  of  hii  loaiii,  and  (Im  in  the 
4NbnMarf«nMa*batvMn  UcooDtioaaiaiTalraandbu^uidlMandjHiuoiu, 
\m  «•  dnk  thtiktiar  itaH  nora  donbllU. 

M.  Am  racatda  am  Iom  ef  powei  from  ieakige ;  the  piiton  valTM  st«  1m* 
BaUa  ta  laak  than  the  oontiDnaai  Talvai,  at  the  former  are  eround  inlo  their 
mtlbt,  ud  Ibcj  opoM  a  \tm  mrflkM  at  which  leakage  can  t^e  place ;  for  tfaa 
ffarian  *ibe  or  atat  ia  hat  alMDt  aioe  incbai  in  eircnmfbrence  at  the  aperture 
lAaN  A*  ifr  b  tiHmJBi'^,  and  there  an  but  two  of  Ibem  to  ererjr  30  feet  of 
■afa— 14  tttt,  wbenat  in  die  eontinnooa  vain  the  whole  30  Eeet  ii  liable  to 
Iwifclgi ;  DMWa,  wwe  the  dmIod  valvca  ereo  to  leak  ai  much  ai  the  long  valve, 
anCHa  km  mbea,  the  uakage  wonld  amoont  to  onlj  one-twentieth  of  the 
iNkafi  of  Aa  eeotfaiaaQa  valve.  From  thii  etrenmttauce  Mr.  Pilbraw  auuniea 
that  oaa  en^ae  to  every  10  milea  wlU  be  foond  tnffideot,  whereby  the  number 
«f  ea|^a  ealaUiihmeate  npoo  a  Hne  would  be  greatly  reduced ;  but  leakage 


with  iba  la^tb,  and  Ur.    Herapadi,  from  M.  Hallefe  esperimenti  on  tb« 
Dalkev  Hna.  ealealatea  that  with  a  main  S|  milei  long,  the  engine  conld  not 
e  half  of  that  whicnit  wonld  if  only  l}  mile  long;  and 


asbanit  the  main  to  one  half  of  that  whichit  wonld  if  only  l}  mue  long;  and 
becontandi,  ibcKbre,  that  nothing  ii  gained  in^mlying  thii  mtem  by  employiiie 
longer  rodaa  than  1^  mile,  and  la  ol  opinion  ^at  maim  of  only  a  mile  would 
be  more  powerful,  command  gioalar  load*  and  vdocitiei^  and  prove  on  the 
lAole  mcmaeonomicaL 

Simtt  aad  Niekalt't  Pntumatie  Railmag. — Meien.  Keene  and  Nlckeli  have 
patented  a  novel  eyiteai  of  railway  loeomotioa,  which  i*  founded  aa  principlee 
■taiad  not  to  have  been  hitherto  applied  to  tlie  communioation  of  mechanical 


motion.  It  diffisn  from  the  atmotphetic  railway  id  thii  reepect,  that  ft.ii 
witboat  trav^ng  piatoD  ai  in  Cleg's  and  Semuda'i,  and  without  racke  and 
pinioni  ai  in  nlbrow'*  iDventioii :  £e  carriage  it  propelled  by  the  preuure  of 
air,  with  great  velocity,  end  a  tractive  power  b  attaiDed  eoperior  to  that  of  the 
working  modeli  on  the  uuue  scale  of  either  of  the  atmoaphraic  railwayi.  The 
following  are  the  maiD  detaili . 

There  is  laid  under  ground  an  air-tight  chamber,  or  cast  iron  pipe,  which 
coDtaint  the  moving  power,  air  condensed  by  forcing  pumpi  to  abDut  throe 
atmoapherea  ;  that  ii,  the  mi  in  this  chamber  i«  compreMcd  into  one  third  of  it* 
Tolnme  under  ovdinaiy  atmoapheric  pTeoure.  Midway  between  the  roil*  are 
laid  longitudinally,  at  certain  intervali,  itandlns  above  the  lurface,  iquared 
bcamt  of  wood,  or  iron,  say  from  Iwen^  to  thirty  feet  in  length :  the  two 
vertical  lidea  of  the  )>eain  are  a  little  hollowed,  and  Blcmj;  thete  channels 
on  each  aid*  it  placed  a  (ube  of  an  elaltic  air  tight  material,  suiceptible  of 
eaiy  expandon  and  collapie.  The  expaniibte  tubet  communicate  by  inter- 
mediate pipei,  fiimiihed  with  itop^cocki.  with  the  rcKrvoir  of  compreiied  air. 
Such  are  the  fiiturei  of  the  apnaratua.  't'Then,  OQ  the  under  aide  of  the  carrin^e 
to  be  moved  are  two  aolid  ilruina,  fixed  on  vertical  ipindlei,  which  run  id 
lupporting  collon,  and  the>e  drumt  are  lo  placed,  that  when  the  carriage 
moving  on  ita  independent  wheeli  upon  the  raili,  pataei  over  the  horinmla] 
beanu,  they  embrace  the  two  vertical  lidei,  and  cloKly  compreai  the  lateral 
elaatic  tubea,  to  ai  lo  leave  no  air  pauage  beyouil  the  point  of  contact.  Now 
imagine  the  carriage  tbui  equipped  to  be  itationary  over  that  which  we  will 
call  the  interior  extremity  of  one  of  the  beami,  from  which  point  motion  it  to 
begin.  A  itop-cock  in*  the  connecting  tube  ia  opened,  and  ioitantaneoDily  a 
portion  of  the  comprened  air  from  the  retervoir  ruahea  by  ita  exptoiive  foica 
mto  the  two  lateral  flexible  Inbei,  and  meeting  reeiitance  on  the  line  of  eom- 
preaaion  of  the  two  drumi,  it  diivea  them,  and  conaequently  the  carriage 


J.U6         KEENE  AND  NICKEUS  PNEUMATIC  RAILWAY. 

KiT»rd,  following  iliem  with  (h(  Mme  propnlnTe  energy  to  the  odier  exiremity 
oftliebesm.  Bvihtssction  the  caniage  tuiaquired  *uch  ■  momemum,  u  to 
carry  it  with  ibeTelucity  required,  onwu^  to  the  next  bevo,  where  the  irapubs 
is  Tenewed,  and  thui  repealed  through  the  whole  length  of  the  line.  Thii  ii  a 
brief.  deicriptioD  of  the  modos  agenili  of  the  syit^in,  which  will  enable  the 
general  reader  to  eomprefaead  in  what  maiineT  conipreueil  air  with  wi  acting 
prerauie  of  forty  pounoi  to  the  iquare  inch,  admilted  through  a  pipe  not  raor^ 
ihaa  H  inch  in  diameter,  propcU  a  cairiage  holding  fooi  penooa  with  great 


THE  err  SETRESEirra  a  transvebsb  sbcttoit  of  tbb  apparatcs. 


r  tup^ioTtiiie  I^lODI 

The  GutlapercLaahofe  mentioned  it  a  gum  lately  mirod  jced  IVooi  Singapore; 
it  poaieuea  propertiea  which  render  it  luperior  to  caoutchouc ;  it  la  uninjured  1^ 
heal  or  acids,  ii  elastic,  but  powexes  more  tenacity;  and  at  212°  rahreaheit 
can  be  moulded  into  any  form,  or  two  piece*  can  be  kneaded  together  with 
the  fingers,  and  the  joint  made  ai  itiong  as  the  original  nubitance. 

UaUttU'i  AtmoKpheTK  Bailwag. — We  iball  now  briefly  describe  what  has 
been  generatly  termed  "  Hallette's  syitem  of  atmospheric  railway  ;  "  allhoDgh, 
strictly  speaking,  the  syitem  is  not  new.  being  in  fact  a  combinatioD  of  Mr. 
Pinkns'i  two  plans,  and  the  improvements  consiating  of  mudificBtionstif  difierent 
paiu  of  the  appa^■lul^  chiefly  the  continuous  ralve,  the  platan,  and  the  mode 
of  connecting  a  pneumatic  locomotive  engine  with  the  pneumatic  mun,  aa 
proposed  by  Mr.  Pinkus  in  his  patent  of  IS36.  Mr.  Hallette'a  improremenU 
form  the  suMectt  of  two  patent!  in  this  country,  which  u-ere  taken  in  the  name 
of  &It,  W.  Newton.     In  his  fint  ptlent  Mr.  Halleltc  employs  a  pitton,  trATcl- 
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Baffin  Ihi  iir  bdb*  M  praooMd  in  Hr.  Fuikin'tBi«lplu;biit  ihaloogit 
nmiiM  AapriMiplaaC  ftatnropoMd'iB  Hr.  FinEot'i  Kcaod  plmu,  ■] 
iMllTnil.  in  wUeh  Ow  iUt  b  dowd  by  (m  alMtie  phta  of  meUl,  hU 


ife  1  icprcMBto  « tnnmne  Ml 
At  uiniiii   ta  I  iMimrliil  whh  tlw 

iMteSd  Metioa  af  Oa  tub*  and  pfatoD';  and/f.  3  b  a  plu 
afAa  pfaton  ana.  « ia  iba  t>A«,  baling  a  dit  or  <^wmng  fbi  ibi 


iaetioD  M  th«  tube,  and  of  tha  ann  1^  triiich 
laadif^  eacii^a  of  tha  tiain;  Jig.  Ska 
* '  •  -    -  t       1     ^  ^  ^^^  ^^^ 

of  the 


piiton  arm,  (Xtending  along  ill  uppeT  lide,  and  itrenglliMied  below  by  a  rib,  b. 
Along  each  tide  of  the  ilit  exEcndi  a  lemtGircalar  trough  orreesat  c  c,  cait  apon 
the  tuba,  and  in  each  recci*  u  lodged  an  air  tight  flexible  tube  or  bote  d  d,  filled 
»idi  eoinprea«ed  air,  and  an;  luitable  liqoid  i  and  the  two  hoaa  l;ing  in  clon 
contact  iridi  each  other  dote  hermelically  the  longitudinal  iliL  The  traTelling 
{HJton  ii  compowd  of  a  ibort  lube  e,  attached  toa  forked  Itrttf,  which  receivei 
within  ita  fork  the  hollo*  arm  g,  and  ii  jmnied  thereto  b;  the  pin  h.  The 
justan  earriei  at  its  circumference  two  cupped  leathera  wcured  by  ringi  at  i  i, 
to  fbnn  an  air  tight  joint  with  the  interior  of  the  atmotphenc  main,  and  two 
pieces  of  brass  at  i  i,  which  fill  np  the  breadth  of  tha  slit,  and  prevent  tha 
passage  of  the  air  at  that  part  into  tha  vacuum  in  &ont  of  the  piston.  The 
piston  is  opta  at  the  fore  end,  bat  at  (he  back  it  is  dosed  l»r  binge  Talres  ai  ■, 
which  are  connected  bj  rods  to  tha  lever  a  n  (within  the  boHo*  arm),  by  means 
of  which  they  can  be  raised  when  it  u  reqaiiite  to  destroy  the  vacuum,  in  order 
to  prevent  the  advance  of  the  train.  The  piston  ia  fiee  U)  turn  upon  tba  pin  A, 
bemg  counterbalanced  by  Ibe  weight  of  the  lever/,  and  the  latter  haa  several 
c<dlan  of  stout  leather,  screwed  up  between  two  rings  at  o  o,  to  deaden  (h* 
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concuuiani  whicb  might  arise  ()vm  any  irrcguUritiei  in  the  level  of  the  main. 
The  hoUow  arm  j,  u  made  of  wrought  iron,  and  in  its  boriioDtBl  wction  has 
tlie  fonc  of  a  weaver'*  ■huule,  u  is  ihown  in  the  plan.  Tliis  arm  is  connecied 
to  the  leading  carriage  by  a  hingsd  clamp  p,  attactied  tu  a  ituut  bar  of  wood  g, 
tecured  to  the  under  aide  of  the  frame  of  tbe  carriage.  The  atmoapberic  tube 
ii  Qot  attached  to  the  tranivene  ileepen  which  carry  tbe  rails,  but  it  nipported 
npoD  a  number  of  vertical  potto  i,  driven  into  tbe  gr«UDd  midway  beEseen  the 
rails,  and  bsTiog  a  notch  in  the  upper  end  to  receive  the  rib  of  tbe  tube,  and  it 
ia  tteadied  laterally  by  chain  t,  bolted  to  ihe  aieepert. 

Mr.  Hallette't  tecond  plan  reicmblet  in  principle  that  of  Mr.  Pinkua,  in 
which  a  pneumatic  locomotive  waa  aubitiluted  for  a  ateam  locomotive,  the  pneu- 
matic engines  communicating  with  the  pneumatic  main,  in  which  a  vacuum 
wai  to  be  maintained;  bnl  Mr.  Halletle  propoiea,  instead  of  {a  vacuum,  to  em- 
ploy comprested  air.  Mr.  Hallette't  ohiefimprovementa  in  the  details  of  the  plan 
conaial,  iintly,  in  tbe  valve  or  apparatus  for  closing  the  longitudinal  openine  in 
tbe  tube;  and  secondly,  an  apparatus  whereby  the  locomotive*  may  be  supplied 
with  compresied  air,  without  creating  too  much  friction,  and  thereby  injuring 
those  parts  of  the  longitudinal  valve  with  which  theinuramcnt  comes  in  contact. 
The  accompanying   figure 


supported  by  chairs  b.  The  lon- 
gitudinal groove  is  closed  by 
means  of  two  long  cushions,  c,  ihe 
surfaces  of  which,  when  at  rest, 
are  by  their  own  elasticity  main- 
tained in  close  contact  with  each 
other,  and  thereby  prevent  the  ' 
passage  of  air  between  them,  ci- 
cepL  when  forced  apart  for  the  pur- 
pose of  allowing  the  compressed 
lir  to  enter  the  locomotive  en- 
;ines.  Tbede  cushions  are  made 
if  leather,  and  flUed  with  a 
composition  of  gelatine  and  mo- 
lasses, or  any  other  suitable  com- 
pound ;  and  the  edges  of  the 
tube  are  pinched  between  the 
iloubled-over  edge  of  the  lube, 
and  an  iron  band.  J  ia  a  hol1o;v 
disc,  from  3  to  5  feet  in  diameter, 
and  in  ita  transverse  section  resem- 
bling- a  double  convex  lens.  It  i-i 
mounted  on  hollow  axles  g,  which 
work  in  stuffing  boxes,  attachcil 
to  the  locomotive,  and  form 
1  between   the   i 


periphery  of  tbe  disc  are  a  number  of  imall  apertures  <, 

valves  of  soft  leather  /.     The  tube  being  filled  with  compressed 


and   the   loc 

the  inside  by 

, _  air,  and  the 

diac  being  inserted  between  the  cushions,  the  air  will  force  open  tbe  valves  /, 
and  instantly  fill  the  disk  with  air  of  the  same  density,  and  as  the  disk  revolvea 
and  finally  passes  out  into  the  atmosphere,  the  compressed  air  within  the  disc 
doiea  the  valves,/,  in  which  it  ii  assisted  by  a  spring.  Aa  the  engine  advances 
along  the  rails,  the  disc  revolves  between  the  cushions,  which  recede  as  it 
advai^ces  and  close  upon  It  behind,  so  aa  to  preclude  the  escape  of  the  com- 
pressed air  within  tbe  tube,  into  the  atmosphere ;  and  to  reduce  the  fricli'm 
between  the  diac  and  the  cushions,  tbe  latter  are  lubricated  with  a  mixture  of 
taet  and  powdered  talc.     The  pneumatic  tube  it  divided-into  Nctinns  of  about 
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ISO  jaida  knig,  andst  tlMMid  orcTeryKctlim,  ■yard<irtwo,witliiUciMhi(nii, 
lidded  down  to  thcTerolTtng  diac,  to  raWruid  leare  the  tube  mora  gnduallj. 
Wa  Mododa  anr  aMount  (^  the  atmoapbrae  mode*  of  propulaioti,  bj  a  da- 
actMoo  of  Taylor  ani  Cmirr't  iiatgitt  electro-magmtie  raiAwjF.  Thia  inrenlioD 
rmmrtT  in  die  application  of  eleclro-ma^etic  power,  to  connect  the  pitlon  ear- 
Am  of  a  bain  with  the  driving  piston  within  the  tube.  I^.  ]  u  a  longi- 
taOBal  Kelion,  and  ^.  2  a  ctom  aection  of  an  atmotpfaeric  railway  tube, 
/ty.  1. 


Liinpr  in  irhich  the  connexian  ii  effected, 
n  tSe  top  of  wEich  there  is  a  longitudioal  alit  or  openiuj^  aa  uiual, 
but  much  narrower;  c  ii  a  conlinuoiu  air  tight  cover  which  i>  bolted  dawn  npon 
the  longitudinal  ilit  The  tube  I  a  of  imn,  but  the  cover  c  is  niBde  of  copper, 
bran,  or  some  other  lubatance  not  auicfpiibleof  theeleclro-ruagnetic  infiuffice, 
and  liolted  to  the  tube  by  copper  bolta )  d  i*  the  driving  piston,  which  comiiti  of 
two  end  dim  d  d,  of  the  tame  diameter  as  the  iuterior  of-  the  tube  (or  nearly 
■o),  connected  by  a  rod  r,  nbich  carries  (as  here  shown)  four  upright  square 
pieces  a  a  a  a,  called  armatures,  which  project  upwards  through  the  top  sUt  in 
the  tube,  and  fit  into  the  square  space  within  the  cover  e.  These  annaluree 
ate  tnade  on  the  upper  part  of  some  substance  not  su^eptible  of  the  electro- 
magnetic influence,  at  brass  or  wood,  but  capped  at  the  top  by  pieces  of  iron, 
secured  by  copper  bolts,  p  ia  the  piston  carriage,  to  the  bottom  of  which  thera 
ii  attached  (instead  of  the  usuai  pistuu  connecting  rod)  four  electro-magneta 
H  H  H  u  of  the  peculiar  fomi  shonn  in  Fig.  2,  each  of  which  preients  iti  two 
extremities  or  poles  to  the  sides  of  the  caver  r.  The  power  of  the  magnet* 
may  be  increased  by  inclosing  them  in  a  lube  or  cose  of  iron,  leaving  the  extre- 
mities or  poles  open,  j?  is  a  galvanic  ballery  placed  in  the  piston  carriage,  and 
which  may  t>e  of  any  approved  form  and  of  any  required  power;  m  to  are 
wires  by  which  the  battery  is  cunnected  with  the  electro-magneta  h  m  u  m. 
The  mode  of  action  is  as  follows.  Motion  being  given  to  the  piston  by  exhaus- 
tion {more  or  less)  from  the  tube  of  iho  air  in  front  of  the  piston,  and  the 
magnets  being  al  the  some  time  connected  with  and  excited  by  the  battery,  the 
niagneCs  act  by  imluclion  on  llie  iron  armatures  a  a  a  a  attached  to  the  piston 
rx>d,  as  Ihey  come  nilliiii  the  ipliece  of  their  aUraction,  (the  cover  c  offering  no 
obstruction  to  that  attraction,  as  it  is  of  a  substance  not  susceptible  of  electro- 
magnetic influence,)  whereby  the  magnets  and  the  arm stures  become  virtually 
coupled  together,  and  draw  along  with  them  whatever  carrlaEes  may  be  at- 
tached to  the  carriage  which  holds  tlie  magm  t«  and  batterj-.  When  it  is  desired 
to  disconnect  a  train  from  the  piston,  this  is  efiected  instantaneoiuly,  by  diicoo- 
ueeting  the  wires  of  the  battery  from  the  magnets.  Instead  of  using  oDa 
electro-magnet  for  each  armature  of  (he  farm  Iwfare  described,  two  ordinanr 
faone-ahoe  magnets  may  be  euiuluyed,  care  being  taken  ittat  the  positive  pole 
of  the  one  magnet  sliall  be  placed  opposite  the  nrjjative  pole  of  the  olher. 
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To  bIIow  air  to  put  through  the  piston  sa  may  occBiionaUy.  l>e  required,  the 
diici  i/rf  of  the  piitoD  are  provided  with  Talveico,  which  ire  r«peclivel/ 
connected  to  vertical  iron  spindlei  i,  which  terminate  within  the  cover  c 
immcdtstely  oppotite  amall  electro-roagneti  pi  n  afiised  beneath  the  carriage! ; 


10  that  when  it  ii  deiired  to  open  eithT  valve,  all  thai  it  neceiMry  it  [u  excite  the 
nuignet  which  commandi  the  spindte  of  the  valve  (by  coDnectin^  it  to  the 
galvanic  batten),  on  which  the  magnet  will  draw  the  ipindle  upwards,  and 
thereby  open  the  valve. 

Saxton't  Differrniial  Fullty. — A  very  ingeoious  proposition  for  making  uie 
of  the  power  of  a  hone,  moving  at  bit  slow  working  pace,  to  communicate  a 
high  velocity  to  carriages  upon  a  railway,  through  the  medium  of  a  new 
arrangement  of  pullejs  and  ropea,  was  invented  by  Mr.  Joieph  Santor,  uf 
London,  for  which  be  obtained  a  patent,  on  the  20th  June,  1833.  The  inven- 
tion coniistB  in  the  application  of  pulleys  of  different  diameters,  termed 
"  differential  pulleys ; "  the  principle  of  the  action  of  which  will  be  cooipre- 
hended  by  the  following  Uluitration ; — 

Fig.  1  (in  the  opposite  page)  represetiti  a  combination  of  two  pulleys,  their 
diameters  being  as  6  to  7;  a  being  the  larger  pulley,  and  b  the  smaller  one; 
e  rf  is  an  endlesi  rope,  passing  over  the  sheaves  e  e  ;  the  part  e  of  the  endless 
rope  fint  takes  a  turn  round  the  larger  pulley  a,  and  the  part  d  alio  takes  a 
turn  round  the  smaller  pulley  b.  If  then  the  rope  d  be  moved  in  the  direction 
of  the  upper  arrow,  it  will  draw  the  tower  part  uf  the  pulley  b  in  the  same 
direction;  meanwhile,  the  port  e  of  the' endless  rope  wdl  be  moving  in  the 
diteclion  of  the  lower  arrow,  and  will  move  the  lower  part  of  the  puUey  a  in 
the  same  diraetion  with  this  part  of  the  rope ;  consequently,  the  two  pulleys 
d  b  (which  ate  fixed  together)  would  tam  on  tha  tnean  point  /,  as  a  fulcrum : 
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f  iiOaMOlMflf  ttBtwopnllcyi.  L«t  it  tnen  be  nip^oaad,  thattha  pMt4 
tt  ika  iiiiillwi  nms  be  morti  from  A  to  i,  it  wiD  b«  endmt  that  tlie  eeolM 
g  tt  Ae  £fl«niitial  pnUeTi  a  b  would  be  moved  to  the  pointj,  and,  coon- 
^■Hil^,  if  anjr  olgact  vers  connected  to  the  cenlre   g  it  thow  dificreDtial 


o  j,  by  the  andlcM  rope  t 


thcM  diatancei  will  be  ai  13  to  1. 

Fig.  2  TCpieienta  the  eontrivanee  applied  to  an 
wheda,  ai  anuU,  two  of  which,  it  i^  are  (bown.     i 
polleji,  ^aeed   on  an  azii  y  (lee  lig.  3) ;  m  ia 


II  in  l>e>ring>  n  n,  affixed  to  the  carriage.  The  pro- 
jectine  ann  ra  ii  forked  at  the  outer  end,  ai  ihown  in  Figt.  2  am!  3,  at  o  o  ; 
and  the  forked  endi  serve  a>  bearing!  to  the  axle  j)  of  the 
difTerential  pulleyi,  the  pulley  a  being  permanenUy  fixed  Fig.  3 

to  the  axle  g,  whilst  the  pullejr  6  u  capable  of  luming 
looielj  on  thii  axis,  when  it  is  not  retained  by  the  pin  f, 
«rbich  locks  the  two  pulleys  a  and  b  together  at  the  times 
required.  By  disconnecting  these  pulleys,  the  power  will 
DO  longer  tend  to  drive  the  carriage.  R  (Fig.  2)  is  a  lever, 
tumine  on  a  fulcrum  S :  the  upper  end  of  ibis  lever  is 
formed  into  a  tiandle,  and  placed  under  the  control  of  a  per- 
son sitting  in  front  of  the  carriaee ;  the  other  eod  of  this 
Icvet  receives  the  flanch  of  a  sliding  socket  I  within  it,  as 
shown  in  Fig.  2 ;  u  is  a  t>enl  lever,  baring  its  fulcrum  at  v, 
on  the  forked  frame  o,  as  shown  in  Fig.  3.  One  end  of 
this  cranked  lever  u  has  a  crotch,  which  receives  the  flanch  t 
of  the  sliding  socket ;  and  the  other  end  of  the  lever  w  bat 
also  a  crotch  to  slide  the  socket  w,  on  the  axis  g,  backwards  and  forwarda; 
X  is  an  arm,  fixed  to  the  sliding  socket »,  and  carrying  the  pin  q,  by  which  the 
whaeli  i  are  faalened  togcthn :  a  spiral  spring  is  placed  on  the  pin  q,  to  Ibree 
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it  in,  when  b  part  of  tne  puUey  whicli  ii  cut  away  comei  oppcnite  to  the  boll ; 
there  ii  also  a  ipring  to  prevent  a  «udden  concoMion.  In  ^  2,  c  n  U  an 
eodleu  rope,  the  part  e  Uking  a  mm  round  ihe  pullev  a,  and  the  part  d  taking 
»  turn  niund  the  pulUy  6,  ai  deacdbed  in  fy.  I.  This  endleu  rope  ia  *up- 
poned,  at  proper  mteriali  of  the  road,  on  Bheares,  and  paises  round  a  rigger  at 
each  end,  to  which  ii  attached  an  apparatui  for  preaervmg  it  luffieiently  light 
Now  luppoae  the  pin  o  to  be  paued  through  the  two  pullo  s  a  £,  tc  teuin  them 
together,  and  the  endless  rope  d  be  moved  in  the  direction  of  the  arrow,  a 
limilar  action  will  uke  place  to  that  deacribed  in  Fig.  1 ;  that  ii,  the  carringe 
{beinp  attached  to  the  centre  y  of  the  differi-ntial  pulleyi  a  and  b)  will  be  pro- 
pelled  forward  on  a  railway  with  a  much  greater  velocity  than  the  rope  travels; 
and  the  dialamce  lo  traveUed  by  llie  earriajie,  in  cornpariaon  with  that  throuEh 
which  the  rope  moves,  will  depend  on  the  differences  of  the  diameters  of  ihe 
pulleys  a  b;  and  the  nearer  the  tespeclivc  diameters  of  the  pulleyi  approach 
each  other,  the  greater  will  he  the  relative  velocity  the  carriaBC  will  travel,  lo 
the  velocity  wilh  which  the  rope  movei.  In  order  to  prevent  the  two  parts  of 
the  rope  rubbing  agaioit  each  other,  in  leading  on  and  off  the  diRtretitial 
pulleys,  the  axia  g  of  these  pulleys  is  placed  at  an  angle  a  little  varying  from  a 
right  angle  with  the  directioD  of  the  motion  of  the  carriage. 

%.  4. 


I^t.  4  and  5  show  two  different  applications  of  the  invention  from  that 
■hown  in  Fig.  2;  for  in  tbeae  instance!  there  it  only  one  pulley,  whilet  the  two 
front  or  two  back  wheels  of  the  carriaee  act  the  part  of  the  other  pulley.  In 
^.  4,  a  ia  one  of  the  front  wheels  of  the  carriage,  which  also  acts  as  the  larger 
piuley ;  &  ii  the  smaller  pulley,  and  ia  the  only  one  around  which  the  rope  c  d 

Suaet ;  the  wheels  a,  and  the  pulley  b,  being  on  the  same  axis  g,  which  runs 
am  aide  to  side  of  the  carriage,  and  turn*  in  bearing*  affixed  to  the  carriage. 
In  this  arrangemeat  the  point  /,  at  which  the  wheels  touch  the  rail,  becomes 
the  fulcrum  on  which  the  wheel  a  turns  ;  and  it  wQl  thus  be  evident  that  if  the 
rope  e  dbe  drawn  forward  in  the  direction  of  the  arrow,  a  similar  effect  will  be 
produced  ■■  described  in  J^.  2,  and  as  shown  in  dotted  lines  in  Fiff.  4.  Nevor- 
theleai,  if  the  wheels  and  pulleys  a  and  i  be  of  the  same  relative  diameten  aa 
thoecin  Fig.  2,  the  carriage  at  f^.  4  would  only  be  propelled  at  the  velocity  of 
■even  to  one,  owing  to  the  fulcrum,  at  which  the  wheelii  a  turn,  being  removed 
from  the  mean  point/.  Fig.  2,  between  the  (wo  diameters,  and  placed  al  the 
extreme  end  of  a  radiating  line,  drawn  from  Ihe  centre  of  the  wheel  a  lo  the 
point  at  which  it  touches  the  railway.  In  Fig.  5  the  rone  is  paased  around  the 
pulley  a,  which  is  the  la^er,  whilst  the  carriage- wheels  act  the  part  of  the 
■mailer  pullejr  (,  the  puUe;y  s  and  the  wheels  6  being  on  the  same  ants?.  In 
order  that  (he  puUeyi  id  (his  arrangemBiit  may  stand  at  an  angle  lor  clearing 
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-A«  npe,  tib*  aile  $  k  fiimied  of  three  ]iai1t,  connected  by  uniTertal  jointi; 
and  MM  of  dM  wlMKeb  h  tfnit  trarek  a  little  forwarder  tlian  the  other,  and  thue 
ihft  npe  witt  dear  itwlt  And  it  ihoidd  be  obeenred,  that  in  both  these  ar- 
raagannntij  die  poQej  around  which  the  rope  panes  i«  to  be  made  capable  of 
hAm  dkeonneeted  mai  rerolring  with  the  aade  as  described  in  Fig».  2  and  3. 
lam anaagement,  Fig.  6,  the  mlcram  f,  on  which  the  wheek  turn,  k  the 
poiaft  al  whieh  the  wheel  h  touches  the  rail  or  road ;  and  the  difference  in  the 
anaageaieiiti^  Fig^  4  and  5,  is,  that  the  power  in  Fig.  4  is  applied  by  the  rope 
Wweeo  the  ftileram^  and  tiie  centre  ^,  of  the  wheels  or  pulley  a  6,  where  the 
wafghl  to  be  drawn  is  attached :  whikt  in  Fig,  5,  the  fulcrum  k  between  the 
amtia  of  the  pulley  and  wheek  a;  consequently,  the  arrangements  differ  in  the 
ovder  of  Jeverage^  and,  in  thk  instance,  will  be  as  six  to  one.  In  these  two  kst 
anaagementSy  the  rope  e  d  may  be  either  an  endless  rope,  as  described  in  Figt, 
1  and  3,  or  the  rope  may  be  single,  and,  taking  a  turn  around  the  pulley  a  or  6, 
k  to  be  wound  on  a  drum  at  each  end  of  the  distance  whieh  k  to  be  run  by 
one  kofth  of  a  rope. 

BatkaWi  midulatmg  BaSwag. — A  very  singular  and  interesting  proposition 
has  been  made  by  Mr.  Richard  Badnall,  for  travelling  upon  undulating  lines 
of  railway  in  preference  to  straight  or  level  lines,  with  the  view  of  saving 
locomotive  power,  by  the  application  of  the  natural  force  of  gravity  in  the 
descent^  so  as  to  obtain  a  great  momentum  in  making  the  succeeding  ascent. 
Hk  plan  k  best  explained  by  himself  in  the  specification  of  a  patent,  £ited  the 
8th  of  September,  1832,  which  he  obtained  for  that  objecL 

'*  If  a  plummet  suspended  by  a  string,  (as  in  Fig.  I  in  the  annexed  engrav- 
ing,) from  tlie  point  x,  be  drawn  away  firom  the  perpendicular  line  to  the  point 
a,  and  there  let  go,  it  will  fail  by  its  gravity  to  6,  in  the  arc  a  6  ;  but,  in  iu 

ng.  1. 


•^ 


rtg.2. 

falling:,  it  will  have  acquired  so  much  momentum,  as  will  carry  it  forward  up 
to  a  simiUr  sltitude  at  the  point  c. 

*'  Let  it  be  supposed  that  a  line  of  raik,  or  tram-way  for  carriages,  be  so  con- 
structed from  the  summit  of  two  bills,  as  Fig.  2,  across  a  valley,  that  the  descent 
from  one  hill,  as  a,  to  the  valley  b,  shall  subtend  a  similar  anele  from  the  hori- 
zontal line  to  the  a^ent  up  the  other  hill  from  b  to  e.  Now  if  a  train-waggon, 
as  d^  be  placed  at  the  summit  of  the  decUviW  a,  it  will,  by  its  gravity  alone,  run 
down  the  descending  line  of  rails,  to  the  lowest  point  b ;  but  in  so  running, 
according  to  the  principles  of  the  oscillating  pendulum,  it  should  have  acquired 
a  momentum  that  would  carry  it  forward  without  any  additional  force  up  the 
ascending  line  to  the  summit  of  the  hill  c,  being  at  the  same  altitude  as  the 
hill  a.  It  k  quite  certain  that  this  would  really  take  place  if  the  force  acquired 
by  the  momentum  was  not  impeded  by  the  friction  of  the  wheels  of  the  carriage 
upon  their  axles,  and  upon  the  raik  on  which  they  run.  Hence,  subtracting 
the  amount  of  friction  as  a  retarding  force  from  the  momentum  which  the  cai^ 
riage  has  acquired  in  descending  from  a  to  6,  it  will  be  perceived,  that  the  force 
of  momentum  alone  would  only  impel  the  carriage  part  of  the  way  up  the 
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UTCciit  b  e,  tny  lu  Tar  ai  i.  Il  must  now  be  endeot,  llie  carriage  U  vould  not 
uiil;  piiBi  (l<iwii  the  descending  line  of  road  from  a  to  fr  by  lU  grarity,  but  tli«t 
the  nommtuni  ncqiiireil  in  ilie  deKpni  would  alao  impri  it  up  llie  ateaai  hilt 
u  far  SI  a,  imofsisted  by  ooy  locDmotive  paver,  in  order,  ifierefure,  Co  raue 
the  carriage  lo  (he  tnp  of  the  Mcoiid  hill,  I  have  only  to  employ  >ncb  on  impel- 
ling forcH  BB  would  be  sufficient  lo  driTs  it  from  e  to  c>  (lie  whole  eipeiiie  of 
loeuiuotive  power  for  bringing  the  carri^e  from  a  to  ■  being  saved.  If  now  I 
employ  a  lucomoiive  power  to  asiiit  in  impelling  my  carriuge  from  a  to  £,  1, 
by  that  means,  ubtaio  a  icrealer  tnumentum  than  would  remit  from  ibe  descent 
of  tlie  carriage  by  gravity  alune,  and  am  euabled  by  that  mcnns  lo  •urmouiii 
the  hill  e,  having  lraveil(»l  the  whale  dLttaace  from  a  lo  c,  on  the  unduiatillg 
line  of  rosd,  with  the  eierlioii  uf  much  kis  locomotive  power  than  would  have 
been  requinte  Co  have  impelled  the  carriage  tlie  same  distance  upon  a  perfectly 
boiixootal  plane."  Hai'ing  ibus  eiplained  Ibe  principle  of  liia  invention, 
Mr.  Badiiall  claims  tbe  formation  of  tram  and  railroads,  with  auch  undulatiug 
curves  as  are  adapted  lo  bis  DbieL't.  This  invention  baa  been  ibe  tubject  of 
much  able  controversy  in  the  Methanict'  Magaant,  and  tome  other  public 
jountali,  of  which  our  limits  render  it  impossibleto  give  any  account  The  plan- 
aible  argument*  which  were  ruaed  innipportof  the  invenlor'a  iheorv,  led  to  some 
public  trials  on  the  Mancheater  and  Liveipuol  railway;  which,  slihaugh  con- 
clusive as  to  its  inefficacy  in  (he  minds  of  moat  penuna  who  doubted  before,  haa 
apparently  bad  the  efTecl  of  confirming  the  patentee  tu  his  prepossesaioui  of  iU 
niiliiy. 

Ropt  IraelioH. — Bloekimli  Hailipoy.- — On  the  BInckwnll  railway  the  traffic  is 
carried  on  by  memn  of  ropea  wiirkeU  by  stationary  engitiea,  errcted  at  each  end 
of  (he  line.  Tbisayatem  hat  been  adopted  on  account  of  tbe  number  of  inter- 
mediaiestalionaulongthe  line,  tbe  line  heing  only  about  3]  milealaiig.  and  having 
five  intermediate  atationa.  And  had  locomotives  been  employed,  the  lime  lost 
in  stopping  and  atiirtine  the  trains  would  have  exceeded  that  occupied  in  tra- 
vening  the  liuea.  The  line  ii  worked  as  follows; — aupposing  llie  train  to  be  (hat 
which  ispasatngfrom  London  to  Blackmail;  at  each  of  the  inlermediale  stations  ia 
one  or  more  carriages,  for  the  conveyance  of  the  paisengers  from  iboae  stations  to 
tlie  Blarkwall  terminus,  and  at  the  London  terminus  is  ranged  what  may  ba 
termed  "the  train,"  conualing  of  one  or  more  carriages  for  the  BtaekwalT  ter- 
minui,  and  oneor  more  for  each  of  the  intermediate  atationa;  theBlockwalt  car- 
risges  being  (be  firat  in  the  train,  and  Iboae  for  tbe  Intermediate  stations  being 
ranged  in  the  order  of  the  proximity  of  the  atationa  to  the  BIsckwall  terminus. 
Tile  several  carriages  being  attached  to  the  rope,  tbe  engine  at  the  Black  wall  end 
of  the  line  ii  put  in  motion,  and  the  carriages  from  the  intermediate  stationa 
arrive  in  tiiccenion,  at  intervals,  at  the  Blackwall  terminus;  the  carriages,  being 
di^tached  from  the  rope  (wilhoul  stopping  the  rope)  ai  they  successively  arrive 
within  a  certain  distance  of  the  termlriua,  and  being  stopped  at  the  proper  point 
by  a  powerful  brake  attached  to  each  carriage.  In  hke  manner  the  carriages 
for  the  flrst  Intermediate  station  from  London  {and  which  carriaaea  will  be  the 
loit  in  the  train}  will  be  detached  from  the  rope  as  ihey  arrive  within  The 
prescribed  distance  from  the  atstion,  and  so  on  with  the  camsges  for  the 
remaining  stations,  until  the  leading  carriages  from  London  arrive  d1  the  BIsck- 
wall terminus,  which  compleles  the  operation,  and  the  rope  ia  then  stopped. 
This  ayatem  of  working  the  line  has  the  advantage  nf  delivering  the  passensera 
at  escn  intermediate  station  without  deten^on  to  (he  other  carrisgei,  but  il  ia 
attended  with  this  inconvenience,  that  the  intermediate  atations  have  no  com- 
munication one  with  the  other,  but  only  with  the  termini :  for  instance,  a  penun 
could  not  proceed  from  Slepney  lo  Poplar,  hut  would  have  lo  go  on  to  the 
Blackwall  terminna. 

The  accompanying  figure  represents  (be  apparatus  for  allu^hing  the  carriage* 
(o  the  rope,  which  combines  the  advantage  of  a  powerful  grip  with  a  vesdy 
fneana  of  casting  off  the  rope,  a  ia  a  forked  lever  lurning  upon  ■  (tilcr-im  at 
the  fore  end  of  the  carriage,  and  carrying  within  the  fork  the  hanging 
'  -"  nipper  c ;  (f  ia  a  pinion  &u]iported  by  the  lever  A,  and  working  in  ■ 
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toothed  standard  «,  which  ii  holted  to  the  frame  of  the  earria|^ ;  hy  turningthis 
pinion  hy  means  of  the  handle/,  the  lever  a  can  be  raised  to  any  required 
position,  and  may  be  retained  therein  by  the  pall  g,  which  takes  into  the  teeth 
of  a  ratchet,  A,  cut  on  the  back  of  the  standard  €i  t  is  the  traction  rope,  k  a 
Uoek  of  wood  attached  to  the  under  side  of  the  carriage,  against  which  the  rope 


is  firmly  jammed  when  in  action ;  at,  is  a  forked  cheekpiece  attached  to  the  side 
of  the  block  to  prevent  the  rope  flying  off  laterally.  When  the  rope  is  detached, 
the  apparatus  assumes  the  position  indicated  by  the  dotted  lines.  To  attach  the 
carriage  the  rope  is  lifted  on  to  the  claw  of  the  nipper,  which  is  then  thrown  into 
a  vertical  position,  and  the  lever  a  is  wound  up  until  the  rope  is  bound  firmly  to 
the  block,  and  the  pall  g  is  put  down.  To  release  the  rope,  the  pall  is  thrown 
back,  and  the  lever  a  falls  into  a  horizontal  position,  and  the  nipper  being  thrown 
into  the  inclined  position  shown  by  the  dotted  lines,  the  rope  is  thrown  off. 

The  railway  is  worked  by  two  pairs  of  stationary  engines,  of  400  and  of  200 
horse-power  respectively,  at  the  Minories  and  Blackwall  termini.     The  ropes 
are  not  worked  on  the  plan  of  endless  ropes,  but  there  are  two  distinct  ropes, 
one  to  each  line,  extending  along  the  length  of  the  railway,  guided  by  grooved 
pulleys,  and  coiled  round  drums,  twenty-two  feet  in  diameter,  situated  at  each 
end  of  the  line,  and  worked  by  the  engines ;  the  one  drum  giving  out  the  rope 
as  fast  as  the  other  winds  it  up,  so  that  each  rope  is  twice  the  length  of  the 
railway.    The  drums  are  formed  like  sheaves,  or  pulleys,  with  a  very  deep 
groove,  which  becomes  gradually  narrower  as  it  approaches  the  centre,  so  that 
the  rope,  when  coiled  upon  the  drum,  forms  numerous  layers ;  and  this  tends  in 
some  measure  to  equalize  the  load  upon  the  engines ;  for,  at  starting,  when 
the  number  of  carriaees  is  greatest,  the  virtual  diameter  of  the  drum  is  least, 
and  the  advance  of  the  train  during  a  revolution  of  the  drum  is,  consequently, 
least;  but,  as  the  train  advances  and  becomes  lighter,  by  a  portion  of  tne 
carriages  being  detached  as  they  successively  arrive  at  the  intermediate  stations, 
the  virtual  diameter  of  the  drum  is  increased  by  the  additional  layers  of  rope 
it  has  received,  and  the  speed  is  consequently  proportionately  increased.    Tno 
carriages  run  each  way  upon  each  line ;  and  the  signals  for  starting,  and  th» 
general  working  of  the  train  line,  are  given  by  (he  electric  telegraph.  At  first, 
hempen  ropes  were  employed,  but,  owing  to  the  inconvenience  and  delay 
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occasioned  by  their  frequent  breakage,  wire  ropes,  with  swivels  at  given 
distances,  have  been  substituted ;  and  now,  in  about  2,000  journeys  each  way 
per  month,  not  above  two  fractures  occur.  The  wire  rope  now  used  is  formed 
of  six  strands  laid  round  a  hempen  core,  and  each 'strand  is  composed  of  six 
wires,  also  laid  round  a  hempen  core.  In  a  paper  by  Mr.  A.  J.  Robertson,  read  at 
the  Institution  of  Civil  Engineers,  it  is  stated,  that  the  power  to  move  the  rope 
alone  was  about  200  horse  power,  for  a  hempen  rope,  and  with  the  wire  rope, 
on  account  of  its  greater  weight,  it  required  about  250  horse  power.  The 
expense  of  wjrking  the  engine  and  rope  is  stated  to  be  about  fourteen-pence 
per  train  per  mile,  but  the  author  observes  that  the  question  of  expense  must 
not  be  considered  abstractedly ;  it  must  be  remembered  that  the  traffic  could 
not  be  carried  on  at  the  requisite  speed  by  locomotive  engines  if  they  had 
required  to  stop  seven  times  in  3^  miles, — it  was,  therefore,  a  question,  whether 
the  system  of  rope  traction,  by  which  the  traffic  could  be  carried  at  a  given 
speed,  or  whether  the  intermediate  traffic,  should  be  abandoned.  The  latter, 
commercially  speaking,  could  not  be  done,  and  the  rope  system  is  therefore 
persevered  in.* 

FarrelCg  Patent  Archimedean  Railway, — ^This  invention'  appears  to  possess 
considerable  originality  as  well  as  ingenuity ;  but  whether  it  can  be  made  to 
work  on  the  great  scale,  as  well  as  we  are  told  it  does  in  the  model,  is  a  question 
upon  which  great  doubts  will  be  entertained,  until  experience  shall  decide  it. 
The  patentee  distinguishes  his  scheme  from  all  other  plans  of  propulsion  on 
railways  by  the  term  Archimedean  ;  and  he  designates  his  chief  movement  the 
"  screw  propeller."  Both  these  terms  are  calculated,  in  our  opinion,  to  impress 
an  erroneous  idea.  We  should  rather  describe  it  as  a  helix  of  uniform  obliquity, 
not  connected  solidly  to  the  axis  (as  screws  are),  but  with  a  space  of  about 
eight  inches  between  one  and  the  other  ;  the  connexion  between  the  two  being 
effected  by  a  series  of  radiating  arms,  at  about  three  feet  distance  apart  through- 
out the  entire  line  of  railway.  The  annexed  diagrams  will  make  this  con- 
struction quite  clear. 

Fig,  2.  Fig.\. 


The  above  Fig,  1  is  an  end  view  of  the  helical  propeller,  and  Fig,  2  is  a  side 
or  longitudinal  view.  In  the  centre  1  1  is  represented  the  tubular  axis;  2,  3, 
4,  and  5,  are  the  arms  of  the  propeller,  and  6  shows  the  helix,  winding  round 
the  axis.  These  parts  are  very  nearly  in  their  true  proportion :  it  is  intended 
to  make  the  propeller  in  twelve  feet  lengths,  and  the  diagram  shows  one  of 
such  lengths  throughout  which  the  helix  makes  but  a  single  revolution.  I'hus 
every  revolution  of  the  screw  is  designed  to  propel  the  train  of  carriages  twelve 
feet  along  the  rails.  Having  premised  thus  mucn  to  explain  the  construction  of 
the  "Archimedean  screw,"  we  shall  avail  ourselves  of  the  patentee's  specification 
in  our  further  description,  which  has  reference  to  the  engravings  which  follow. 

**  This  invention  consists  in  the  use  and  application  of  a  screw,  ab  c  (Fig.  3 
subjoined),  which  is  called  the  "screw  propeller,"  for  the  purpose  of  locomotion 
on  railways,  and  by  means  of  which  the  moving  power  is  communicated  to  the 
trains.  This  screw  is  laid  down  continuously  in  the  middle  of  the  track,  and  is  fixed 
in  the  direction  of  its  length,  but  caused  to  revolve  upon  its  axis  by  steam  or 
any  other  power  communicated  to  it  at  proper  intervals, — say  every  three  miles 
along  the  line.  This  screw  may  be  of  any  given  diameter,  say  from  eighteen 
to  twenty-four  inches,  formed  in  lengths  of  from  twelve  to  fifteen  feet  each, 
and  consists  of  a  shaft  a  of  cast  or  rolled  iron  tubing,  four  inches  in  diameter, 
supporting  by  means  of  wrought  iron  arms  b  b,  keyed  on  to  the  shaft,  a  rolled 

*  Since  the  above  was  written,  It  has  been  decided  to  discontinue  the  use  of  the  ropes,  and  io 
labstitute  locomotiTe  engines  for  them. 
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B  tfb^  c,  wUdi-ii  bolted  to  the  end*  of  tlie  umi;  tbi 
to  a&ri  pvftct  eoaSiuoKe  in  it*  itMiigtli  br  itt  iiit« 


■trength  br  itt  intettded  porpoee.    The 
Fig.  3. 


nDnDonnniGD 


■Ly'sJIJvIL-'  \^ll 


knphi  of  ibading  are  connected  by  coupliags,  th«t  allow  a  nifBcient  play  to 
meet  any  accidenial  irregulariiy  in  tbe  line,  and  alio  to  permit  them  to  be  laid 
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down  on  the  quickent  curves  thai  are  allowslile  on  railwayi,  with  scarcely  any 
calculable  amount  of  trictioii :  each  length  reita  on  turned  bearin^i,  in  pro|wr 
metal  pedeslali  e,  »ecured  lo  the  ema*  iieepen  of  the  railway.  Tlie  power  ia 
communicated  to  the  tcre'f  a  b  chy  means  of  spur  wheels,  fixed  on  one  end  of 
each  line  ofihafling  of  one  and  a  half  mile  in  length,  which  is  aimated  to  as  to 
drive  two  audi  lines,  that  is,  one  in  each  direction  ftom  It,  and  the  gearing  ia 
so  contrived  as  gtaduoliy  lo  bring  the  screw  propeller  Into  motion,  and  also  to 
transfer  the  power  from  one  line  lo  the  other  without  stopping  the  train. 

The  motion  of  tlie  screw  propeller  is  communicated  to  the  trains  by  means  of 
a  pair  of  wheels  or  rollers  g  g,  io  attached  lo  the  frame-work  of  the  leading 
carriage  of  the  train  as  lo  bear  upon  the  rim  a,  spiral  rail  c^that  forma  the 
thread  of  the  screw,  one  wheel  being  at  either  side  of  the  axis  of  the  screw ;  the 
position  and  arrangement  of  these  wheels  j^  is  such,  that  while  one  ia  pro- 
pelled by  being  borne  against  by  the  thread  of  the  screw,  and  carries  the  train 
furward,  the  other  acts  as  a  check  wheel,  and  prcTents  the  train  Inim  morine 
with  an  unequal  motion,  or  running  forward  by  acquiring  acceleration;  and 
the  screw  propUer  being  capable  of  acting  in  both  directions,  when  the 
motion  is  reversed,  tliat  which  before  acted  u  a  check  wheel  beconea  the  pro- 
pelling wheel,  and  aee  veria. 

These  wheels  g  g,  which  form  the  oaly  connexion  between  the  train*  and 
the  propeller,  are  perfectly  under  the  control  of  the  conductor,  who,  by  turning 
the  handle  h  of  the  vertical  screw  i,  compresses  the  wheels  jj,  whan  he  thinks 
it  necessary,  with  more  power  upon  the  screw  propeller,  or  in  a  moment  dis- 
engage them  from  it,  and  having  done  so,  can  instantly  apply  the  break,  by 
continuing  the  same  movement  of  the  vertical  screw  i,  which  causes  the  nut  n 
to  press  the  cross  beam  m  upwards,  and  bring  down  the  break  by  ni^ans  of  the 
suspension  rods  0  o,  Upon  the  bearing  wheels.  Thus,  the  train  may  be  stopprd 
at  aaj  polnti,  without  interfering  with  the  motion  of  the  oropellor. 

In  addition  to  what  has  been  already 
described,  there  is  a  provision  in  thia 
inventjon,  for  dispensing  with  the  flanges 
on  the  bearing  wheels,  and  also  for  con- 
veying intelligence  or  signals  from 
station  to  station.  Tliis  arrangement 
is  shown  in  the  subjoined  diagram,  Fiy.  5; 
in  this  case,  the  bitaring  saddles  e,  are 
triangles  the  full  height  of  the  propeller, 
and  a  guide  rail  i  is  luid  tlie  whole  length 
over  the  propeller;  this  rail  is  made  of  iron 
tubing,  in  lengths  equal  to  the  propeller, 
and  fastened  or  screwed  into  sockets  cast 
I  the  apex  of  the  triangular  bearing 
saddle  < ,-  against  tlie  guide  rails,  the  friction  roilen  /  /  run,  and  Uie  flanges  on 
the  bearing  wheels  ure  thus  dispensed  with  ;  the  rails  may  then  be  reduced  to 
a  flat  iron  bar.  It  is  proposed  that  signals  bo  conducted  through  the  tube  k 
front  station  to  station. 

The  annexed  figure  ia  added,  to  explain 
the  means  of  connecting  the  spiral  e  to  the 
arms  i  of  the  propeller;  the  latter  has  s 
flange  turning  at  right  angles,  through  which 
a  rivet  is  passed,  as  well  as  the  spiral  c, 
when  ihcy  are  both  strongly  united  by 
riveting. 

The  advanlsgeproposed  lobe  derived  from 
this  invention,  arc,  economy  in  tlie  construc- 
tion of  rnlways,  from  the  facility  it  affords  for  ascending  inclined  planes  of 
almost  any  angle,  and  the  comequenl  reduction  of  cuttings,  embankmenlsi 
bridges.  Sic. ;  also,  ia,the  use  of  light  rails  instead  of  the  heavy  rails  required 
for  the  loEoniutive  lysteni ;  and  in  the  use  of  lighter  carnages  than  those  >t 
prcscut  in  use,  and  hence,  less  useless  load. 
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in  plaee 
B«i  tree 


of  power  finr  loeomotioD,  by  the  use  of  fixed  engines,  or  water 

lee  of  locomotiTe  engines,  and  the  consequent  avoidance  of  the 

treelioii  and  support  of  those  costly  establishments  required  for  the 

Safii^  to  pasaeiigert,  by  cdlision  or  the  running  of  the  trains  off  the  rafls 

~~    Ftadered  impossible. 

m  ptoeeeding  to  give  an  estimate  of  the  expense  of  construction,  or  of 
lor looomotioo,  on  this  system,  it  may  be  weU  to  consider  for  a  moment 
dbs  MMmnt  of  friction  due  to  such  a  line  of  shafting  as  I  propose,  and  also  its 
povvr  of  resistatioe  to  tortion. 

Ob  tiM  aobjeet  of  firietioo,  a  good  deal  has  been  written,  and  many  experi- 

anroeoidied,  but  I  prefer  taking  my  data  from  actual  observation:  I  nave 

mado  sevml  axperiments  on  diiferent  lengths  of  shafting,  some  very 

in  their  reaalta»  and  others  the  reverse ;  the  most  unfavourable  was 

of  four  different  lengths  at  right  angles  to  each  other,  and 

by  bevel-wheels;  the  result  was  something  less  than  the  -^h  of  the  load, 

fMba.  to  the  ton.  I  take  this,  being  the  least  favourable,  as  the  standard 
from  which  the  following  calculations  are  taken. 

The  weight  of  a  mile  and  a  half  of  the  screw  propeller,  including  gearing, 
will  not  exceed  80  tons,  which  at  1201b8.  to  the  ton,  leaves  9,6001  bs.  as  the 
amount  of  friction ;  the  bearings  are  3  inches,  and  the  pinion  on  the  end  of 
the  shaft  to  which  the  uower  is  applied  18  inches  diameter,  or  as  6  to  1 ;  there- 
fore the  power  requirea  to  turn  a  line  of  shafting  80  tons  weight,  from  a  stato 
of  rest,  applied  at  the  periphery  of  the  18-inch  pinion  is  l,600lb8.,  or  ^th  of 
9,6001bs.  The  shafting  is  proposed  to  be  formed  of  iron  tubing,  4  inches 
diameter,  and  half  an  inch  in  thickness ;  the  weight  found  by  accurate  calcula- 
tion, and  proved  by  experiment,  as  sufficient  to  twist  such  a  shaft  if  applied  to 
the  periphery  of  an  18-inch  pinion  fast  on  it,  is  22,196lbs.;  now,  as  half  the 
breaking  weight  may  be  applied,  without  producing  any  deflection,  we  have 
a  shaft  to  which  we  may  apply  l],1001bs.  at  the  periphery  of  an  18rinch  wheel, 
with  perfect  safety,  without  producing  any  tortion  whatever.  Now  the  power 
required  to  turn  a  mile  and  a  half  of  screw  propeller,  from  a  state  of  rest,  is 
l,6()0lbs.,  which  is  about  fth  of  the  power  that  may  with  perfect  safety  be  applied 
to  the  18-inch  pinion,  or,  in  other  words,  the  shafting  might  be  extended  to 
seven  times  the  length  I  have  proposed  without  being  subject  to  any  tortion 
whatever. 

With  respect  to  the  applicability  of  this  system  to  curves,  let  us  suppose  the 
propeller  to  be  laid  down  on  a  curve  of  1,320  feef,  or  one  quarter  mile  radius, 
and  the  shafting  in  lengths  of  12  feet,  it  is  evident  that  each  length  of  shafting 
will  form  the  base  of  an  isosceles  triangle,  whose  sides  are  1,320  feet  and  base 
12  feet,  or  as  110  to  1. 

On  calculating  the  angles  at  the  base  of  this  triangle,  it  will  be  found  that 
the  friction  of  the  couplings,  which  are  3  inches  diameter,  will  be  something 
less  than  ^th  of  an  inch,  or  -rh^th  part  of  3  inches. 

Again,  although  the  curve  is  formed  of  a  series  of  straight  pieces,  12  feet 
long  each,  yet  as  the  versed  sine  of  the  arc  of  which  the  12  feet  length  forms 
the  chord  is  but  a  small  fraction  more  than  one  quarter  of  an  inch,  it  will  be 
seen  that  so  small  a  deviation  from  the  curve  cannot  be  so  much  as  felt  in 
practice. 

With  respect  to  the  power  required  for  this  system,  it  has  been  shown  that 
1,600  lbs.  applied  to  the  periphery  of  an  18-inch  pinion  will  be  sufficient  to 
overcome  the  inertia  of  a  mile  and  a  half  of  propeller,  and  set  it  in  motion, 
round  its  axis.  Now  suppose  the  piteh  of  the  screw  to  be  12  feet,  then  every 
revolution  it  makes  on  its  axis  impels  the  train  12  feet,  and  154  revolutions  per 
minute  will  impel  the  train  at  the  rate  of  21  miles  an  hour ;  to  obtain  this  speed 
we  require  a  spur  wheel  5^  times  the  diameter  of  the  pinion,  or  8  feet  3  inches 
in  diameter,  making  28  revolutions  in  a  minute.  If  this  spur  wheel  is  turned 
by  a  2  feet  crank,  the  radius  of  wheel  being  4  feet  1^  inch,  it  folloi»s,  that  in 
order  to  apply  a  power  equal  to  1,600  lbs.  at  the  periphery  of  the  spur  wheel, 
we  must  apply  twice  and  one-sixteenth  of  that  power,  3,300  lbs.,  to  the  crank;  this 
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power  would  be  afforded  by  a  condensing  engine,  24-inch  cylinder,  4  feet 
stroke,  and  making  28  strokes  per  minute,  or  18  horse  power. 

The  foregoing  calculations  are  made  without  any  reference  to  the  provision 
spoken  of,  for  bringing  the  propeller  gradually  into  motion  ;  but  as  such  pro- 
Tision  is  made,  and  it  is  known  that  half  the  power  that  is  required  to  set  a 
machine  in  motion  is  sufficient  to  continue  that  motion,  we  may  safely  cal- 
culate on  one  half  the  power  above  stated,  or  800  lbs.,  as  available  for  the  purpose 
of  propelling  the  trains.  Now,  as  the  circumference  of  the  pinion  is  4  feet  G 
inches,  and  the  pitch  of  the  screw  12  feet,  the  effect  will  be  as  4^  to  12,  and 
taking  the  friction  of  the  train  as  9  lbs.  per  ton,  we  have  a  power  equal  to  the 
propulsion  of  33-|  tons,  or  eight  loaded  carriages  of  more  than  4  tons  each  ;  but 
as  one  of  the  great  advantages  this  system  possesses  over  any  other,  is  the 
facility  it  affbros  for  transmitting  a  succession  of  trains  at  very  short  intervals, 
provision  may  thus  be  made  for  the  most  extensive  traffic  without  increasing 
the  engine  power :  for  instance,  a  train  capable  of  carrying  50  tons  on  the 
present  system,  could  be  divided  into  four  trains  of  6ve  or  six  carnages  each, 
at  ten  minutes  intervals,  an  arrangement  by  which  900  tons  of  goods,  or  12,9()0 

{lassengers,  might  be  conveyed  in  a  day  of  twelve  hours,  and  the  expense  of 
ocomotion  not  exceeding  six  shillings  per  day,  as  may  be  seen  by  the  following 
estimate,  which  includes  interest  on  capital  sunk  in  engines,  engine-houses,  and 
machinery,  and  the  daily  expense  of  locomotion. 

Estimate  of  one  mile  of  screw  propeller.  £    «.     d. 

t33  tons  castiron  shafting,  incluoing  the  bearings  and 

fitting  the  coupling  joints,  at  £10 330    0     0 

17  tons,  wrought  and  rolled  iron,  in  arms  and  spiral, 
the  arms  driven  on  hot  and  keyed,  and  the  spiral 
secured  to  the  arms  with  hot  rivets,  at  £17  10«.    .     .       297  10     0 
10  tons  of  cast  iron,  in  saddles  or  pedestals,  by  which 

the  propeller  is  supported,  at  £7 70    0     0 

1  ton  of  wrought  iron  in  screws,  pins  and  keys    ...         20  10    0 
1,760  yards  of  screw  propeller  laid  down  for  fixing, 
busliings  and  sundries,  at  1«.  6d, 132     0     0 

£850     0  .0 


Estimate  of  power  for  locomotion  on  three  miles  of 

double  line  of  railway. 
1  steam  engine,  20  horse  power,   or  two   10  horse 

engines,  including  gearing,  at  £30 £600     0     0 

Engine  house  and  sundries 250    0    0 


£850     0     0 


Interest  on  £850,  at  5  per  cent,  per  annum  ....      £42  10  0 
Coals  for  one  20  horse  engine,  working  12  hours  per 

day,  365  days  at  8«.  per  day 146     0  0 

Attendance,  wear  and  tear,  and  sundries 150    0  0 

Apparatus  connected  with  the  carriages 50    0  0 

j1368  10  0 

64  15  0 

Interest  on  £850,  the  first  cost  of  propeller  at  5 

percent 42  10  0 

Total  annual  expense  of  one  mile     .     .    £107     5  0 


Thus  the  total  expense  of  locomotion  for  a  single  mjje  for  one  year  is  £107 
5«.  Qd.  not  quite  6  shillings  per  day  of  12  hours.  The  foregoing  estimates, 
show  the  expense  of  the  system,  as  applied  to  any  part  of  the  present  railways ; 
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but  io  any  new  nilway  formed  with  reference  to  the  appGcatioii  of  this  fjritein, 
tib»  MTing  on  the  null  alone  will  pay  more  than  one  half  the  cott  of  ihe 
pnpeller;  and  the  aaying  in  cutthi^  and  emhankmenti^  hridget,  &e.  will 
reBoer  the  formation  of  nuwajs  on  thu  ayitem  aearcely,  if  at  all,  more  expen- 
nre  than  a  tnmpika  road. 

Tlie  foUowing  ia  an  eatimate  of  the  opper  works  of  the  Archimedean  system 
eomplita,  compared  with  the  locomotive  system,  omitting  those  items  that  are 
oonuMMi  to  both* 

▲BCHIMBOaAM   STSTBM. 

£  s,  d. 

Coatof  one  mile  of  propeller  as  before  detailed  ...    .  8^  0  0 

36  toosofeastirontnlnngin  ^oide  rails  at  £10  0  0  280  0  0 
10  tons  of  east  inm  in  additional  weight  of  bearmg 

oaddki^al 700  70  00 

13,640  feet  lineal  of  lonfitndinal  and  cross  sleepers  of 

Fsyniaed  wood,  indnoing  laying,  at  .    .    .016  1023  0  0 

1,800  screw  bolts  and  nnta,  at 0  0  2  15  0  0 

Cost  ofa  single  mile £2218    0    0 

LOCOMOTITS   STST£M. 

13,640  lineal  of  longitudinal  and  cross  sleepers,  including 
Uying,  at 014    £909    6    8 

Rolled  iron  rails,  80lbs.  per  yard,  126  tons,  including 
laying,  the  rails,  at £10  0  0    1260    0    0 

8,840  screw  bolts  and  nuts,  in  raib  and  sleepers  0  0  2        73  13    4 

Cost  ofa  single  mile £2243    0    0 

From  the  foregoing  it  may  be  seen,  that  the  expense  of  the  Archimedean 
systMn  complete,  induding  (Paynixed)  wooden  sleepers,  will  not  exceed  the 
cost  of  the  upper  works  of  the  present  locomotive  system ;  that  the  expense  of 
power  for  locomotion,  for  12  hours  continuous  traffic,  will  be  less  than  £65  per 
mile,  per  annum ;  and  if  it  shall  be  found  advisable  to  double  the  engine  power 
that  1  allow,  and  thus  work  three  miles  of  propeller  at  the  same  time,  instead 
of  1^  mile,  by  which  means  the  traffic  may  also  be  doubled,  the  annual  cott 
will  not  amount  to  £100  per  mile  of  single  line,  or  £200  per  mile  of  double 
line;  while  the  cost  of  power  on  the  locomotive  system  may  be  taken  at  an 
average  of  £1000  per  mile ;  but  on  short  lines,  and  where  there  is  large  traffic, 
it  for  exceeds  that  sum. 

I  would  in  conclusion  observe,  that  all  that  has  been  said  in  reference  to  the 
saving  that  may  be  effiscted  in  cutting  embankments,  bridges,  &c.,  in  the  forma- 
tion of  railroads  adapted  to  the  atmospheric  principle,  applies  equally  to  the 
Archimedean :  that  saving  will  be  great  on  the  most  favourable  lines,  and  in 
many  cases  it  will  amount  to  thousands  of  pounds  per  mile. 

Parkin  t  Windmill  Railway. — ^Amongst  the  numerous  suggestions  for  new 
modes  of  propulsion,  that  proposed  by  Mr.  Thomas  Parkin  is  one  which  the 
less  informed  portion  of  the  public  faiave  been  led  to  believe  would  supersede 
ihe  use  of  locomotive  and  stationary  steam  engines.  The  contempt  with  which 
Mr.  Parkin  treats  these  latter  is  somewhat  amusing.  Speakins;  of  a  locomotive 
engine,  he  says,  *'  it  is  obnoxious  to  fearfol  casualties.  Now  and  then  it 
breaks  axles  and  wheels,  and  tears  up  rails,  involving  consequences  so  dreadful 
as  to  render  even  allusion  to  them  painful ;  and  it  has,  on  these  accounts,  too 
truly  been  compared  to  the  arch-fiend  himself  in  hamen.  The  weight  of  a 
locomotive  also  constantly  injures  the  road,  and  subjects  it  to  the  necessity  of 
frequent  reconstruction ;  and  when  it  is  occasionally  out  of  breath,  the  discovery 
is  made  Uiat  it  sometimes  amuses  itself  in  polishing  the  rails,  instead  of  making 
the  best  of  its  way  home !  For  all  the  purposes  of  locomotion,  an  enormous 
fire  (which  now  and  then  sets  trains,  stnnding^com,  ricks,  fkrm-yarda^  and 
other  buildings  in  a  blaze  I)  is  made,  and  kept  up,  in  order  to  have  a  constant 
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PARKIN'S  WINDMILL  RAILWAY. 

I  supply  of  boiling  vster,  (ohich  noir  and  tben  icalda  men  U>  dcBthl) 

tbe  vapour  whereof  ii  confiueil  in  an  iron  case,  uid  givca  motion  (when 
unable  to  burst  th«  caw)  to  a  piaton,  which  tuini  a  crank,  and  thereby 
tbe  'driving  '  vheeli  of  the  engine,  and  this  ib  deiignated  l/ie  locomotive  Utter: 
but  where  is  the  HilcTum  7  Ay,  that  ia  the  queatioii  1  Why,  the  engineers  having 
had  ai  much  diGiculty  in  hnding  a  fulcrum  for  this  lever,  as  Arehimedea 
eiperieni^d  in  finding  one  to  lift  the  globe,  liave  contented  Ihemtehei  uiA  tbe 
weight  of  the  engine  for  a  fukruai  !" 

After  much  >imilar  sneering  at  (he  most  Fxtcn«ivel3'  useful  invention  of 
modem  llmea,  our  inventor  proceeds  to  descrtbe  what  he  calls  the  nea  tyttem 
(and  we  prefer  his  description  to  our  own,  for  obvious  reasoni) :  he  says — 

"  Havuig  disposed  of  toconiotives  and  tenders,  and  developed  a  plan  for 
exiating  railways,  we  are  brought  to  the  new  system  of  locomotion,  which 
diipenin  with  tunnels,  bridgea,  rnila,  steam^tendera,  and  carriages  with  wheels 
and  springs,  and  requires  very  Utile  land  In  be  bought,  and  very  little  earth- 
work to  be  done. 

"  The  road  is  formed  of  parallel  tinea  of  atancluons,  mounted  with  wheels, 
on  which  a  platform  glides,  carriagei  being  built  (licrcon,  and  ribs  underneath 
ate  its  guide.  A  iniall  amount  of  power  only  ia  required  to  give  motion  to  the 
platform,  and  the  saving  in  the  construction  of  this  mode  of  conveyance  is 
immense.  The  road,  for  the  moat  part,  will  present  a  series  ofinclincd  planes, 
which  the  trains  will  ascend  by  menns  of  windmills,  when  there  is  wind,  and 


by  counteibnlancea  on  parallel  lines  of  road  when  there  is  nunc,  or  not  enough. 
llio  counlerhalancea  will  consist  of  water,  atonea,  gravel.  &c.  wliicii  ihe  wind 
will  pump  and  draw  up  to  a  height,  when  not  employed  to  work  the  platform  ; 
and  Icna  of  thoiisauds  of  tona  of  these  substances  may  always  be  kept  on 
reserve,  to  be  used  when  there  is  no  wind,  as  wind  coit*  notiiinr)  ;  as  the  above- 
mentioned  subitancea  coil  nothing,  and  aa  compressed  air,  when  used,  will  tOMt 
nothing  either,  locomotion  (incredible  aa  thia  at  fint  aight  may  appear)  will  in 
reali^  coit  next  to  nothing.  The  system,  however,  may  of  course  be  worlied  by 
those  who  would  t>e  horror-struck  at  tbe  idea  of  getting  rid  of  nil  expenditure 
at  a  tangent,  by  small  steam  engines.  The  platform  may  be  of  any  length, 
and  will  always  have  a  bearing  on  six  or  eight  wheels  in  succcoion,  (nd 
may  weigh  two  ions,  currying  as  many  passengers  as  ten  railway  carriages 
Hccommodale.  The  carria^,  and  trueic  or  baggage  waggon,  weigh  about  43 
tons;  consequently  here  will  be  a  diminution  of  weight  of  43  Ions,  say  40. 
A  point  is  thus  gained  of  inappreciable  value,  but  when  we  add  1.^  Ions,  at 
least,  for  the  weight  of  the  locomotive  and  tender,  we  have  a  saving  in  weight 
of  55  long  in  each  train;  that  is,  we  save  the  fire  necesaary  to  reproduce 
steam  enough  to  wait  S5  tons  tlirnugh  Ihe  air  at  railwav  speed !  A  ajngle 
comment  upon  tbe  advantages  here  offered  to  tbe  public  would  be  unneoessary." 
We  have  been  induced  lo  notice  this  invention,  solely  from  the  eirciimataoce 
or  its  being  publicly  sinled  lo  he  under  course  uf  trial  in  France,  and  not 
from  having  the  remotest  'den  of  its  lucces*. 


SECTION  V. 

TKLlflRAPmC  AND  8AFETT  AR&AFQBMBMTS. 

Piifiulluii  of  AoeMmto  fton  OoDtakD.— Cutis'ft  Lnap  8lgMli  — Hiwtohaw^  SIfiiato  nA 
Switditfc  Biwun  Wktatte.— TMoc's  (hurd's  SIgiMla.— Poiteoiis't  Mootk  WltbOe.— BMlrie 
Ttsbgni^i— pitedlplw  upon  wkUh  HU  aetkm  dflpends.— Cook*  nd  WlMtMone^s  two  i 
BMtaortlit  BMtoKlIaipBMlle  T»iag»iiii.— ProfeMBT  MocN't  ApgaataMtotpnfmtiag  ( 


/VtfMnltoii  of  AediaUa  on  BaSmojfi^hm  CoiGuan, — The  moit  immenNii 
aeeidenU  on  nSkwmyBf  and  at  the  same  time  the  (mieraUy)  mott  diiattrana  in 
thdr  dBTects,  are  those  resulting  from  collision,  nther  between  two  trains^  or 
between  the  carriages  composing  one  train,  from  an  accident  to  the  engine  or 
leading  carriages;  and  in  the  present  section  we  propooe  to  notice  some  of  Ae 
means  employed  to  guard  agamst  dangers  from  this  canae. 

Collisions  on  nilwajrs  take  plsce  under  Tarioos  drcnmstances.  It  maj 
sometimes  happen  that  two  trains,  proceeding  in  opposite  directions,  are  at  cer- 
tain parts  of  the  road  obliged  to  traTcl  on  the  same  line  of  rails,  and  should 
they  at  such  time  come  into  collision  the  results  must  be  the  most  disastroua. 
Accidents  of  this  description  are  however  Tenr  rare,  and  unless  at  sharp  curves^ 
or  in  very  foggy  weather,  could  only  arise  from  extreme  heedlessness  on  the 
part  of  those  employed  on  both  trains.  CoDisioDS  more  fre^ently  arise  from  a 
train  overtaking  anodier  train,  proceeding  in  the  same  direction,  or  from atrain 
arrivlns  at  a  station,  which  is  unexpectedly^  occupied  b^  another  train.  In  all 
cases  they  may  be  said  to  arise  from  some  inegiuari^  in  the  working  at  some 
part  of  the  line,  and  might  be  avoided  if  timely  notice  were  given  of  such 
irregularity;  and  accordingly  various  kinds  of  signals  are  employed  or  have 
been  proposed  to  effect  this,  some  being  produced  by  sounds,  others  being  ad- 
dressed to  the  eye,  and  in  other  cases  both  sound  and  visible  signals  being 
employed. 

The  figure  (pa^e  524)  represents  Mr.  Curtis's  apparatus  for  giving  notice  of  the 
approach  of  a  train  to  a  station,  or  warning  to  a  train  that  the  station  is  occupied. 

The  peculiarity  of  the  plan  consists  in  conveying  the  signal  a  mile,  or  any 
convenient  distance,  from  the  station,  with  the  object  that  the  engineer  may 

Eass  the  signal  post,  and  have  distance  and  time  sufficient  to  stop  the  train, 
efore  reaching  tne  station,  or  place  for  stopping.    The  figure  represents  the 
apparatus  for  exhibiting  a  light. 

**  A  is  a  lamp-post  surmounted  by  a  lantern  of  any  peculiar  shape,  with  bulls' 
eyes  on  three  sides,  or  it  may  be  formed  of  glass  like  a  street  lamp,  or  in  any 
other  manner,  c  is  the  lamp  with  reflectors  behind  the  light  in  the  usual  way. 
B  is  a  shade  supported  upon  the  vertical  rods  e,  passing  through  the  post  and 
united  by  a  joint  at  its  lower  end  with  the  bell-crank  f,  to  which  is  likewise 
suspended  the  ball  or  weight  m.  To  the  other  end  of  the  crank  p  a  joint  is  at- 
tached, with  which  is  connected  a  strong  wire  ^,t which  is  led  like  a  bell-wire  by 
proper  connexions  to  the  crab  A,  placed  in  a  room  of,  or  near,  the  station  house. 
The  wire,  or  a  chain  or  rope  united  to  its -end,  is  fastened  to  the  barrel  t  of  the 
crab  h  which  coils  round  tne  barrel.  When  a  man  turns  the  handle  k,  the  barrel 
i  is  turned  round  by  means  of  the  pinion  fixed  on  the  handle  shafr,  and  the 
barrel  wheel  denoted  by  the  circle  n ;  and  the  chain  or  rope  or  wire  is  coiled 
round  the  barrel,  the  wire  drawn  in,  and  the  crank  f  made  to  occupy  the  place 
shown  bv  the  dotted  line;  and  thus  the  vertical  rod  e  and  shade  b  are  raised, 
and  the  light  concealed.  The  counterbalance  m  is  employed  to  keep  the  con- 
necting wire  g  always  stretched.  In  places  where  gas  is  employed,  a  large  gas 
burner  may  be  substituted  for  the  lamp,  and  the  rod  e  made  to  copamunicatQ 


1  atop-cock. 


CURTIS'S  LAMP  SIGNALS. 

>o  tbat  by  raising  or  depreising 
the  roi)>  the  gas  may  be  turned  otf  or  on;  a 
small  concealed  jet  of  gai  may  be  always  burn- 
ing, ao  at  to  inflame  die  larger  jet  «ben  (he  rod 
is  ruled  by  tbe  appatatui :  thus  a  pawerTiil  light 
may  be  used  when  needed,  and  when  not 
required,  the  gns  may  not  be  waited.  The  ap- 
paratus as  drawn  ii  a  night  signal,  or  (o  be  used 
when  the  weather  ii  so  dark  that  other  aignals 
cannol  be  aeeo ;  but  for  a  day  aignal  it  is  merely 
necessary  to  employ  a  poit,  ao  as  to  iBise  a  vane 
or  vanea  like  a  telegraph,  a  spar,  for  eiample, 
tiled  at  the  top  of  the  lantern.  Wbcn  it  ii 
required  to  use  the  telegraph,  a  man  may  make 
the  necessary  and  aalf-evident  connenlon  between 
the  rod  e  and  the  limb  of  tbe  telegraph,  which 
limb  being  made  with  a  bell  crank,  when  the  rod 
t  a  raised,  may  cause  the  telegraph  limb  to  tie 
liomontally,  and  when  the  rod  c  is  depresaed,  it 
will  stand  vertically,  or  the  apparatus  may  be 
formed  double,  so  as  to  work  both  telegraph  and 
lamp  at  once,  whether  by  day  or  night. 

The  beat  arrangement  of  this  system  of  aignala 
nill  be,  to  place  tbem  at  the  some  distance 
asunder  ai  the  police  are  stationed;  and  instead 
of  making  a  signal  by  a  flag,  upon  the  passage 
of  a  train,  they  Bbould  convey  the 
approach  to  the  nell  poli  " 
nbich   would    advise  him 


switches,  points,  and  everytliing  heiidca . 
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llr.  IfaDatt  of  Oobfin  deicribed  in  the  Mechaniet'  Magaiine  a  lamp  of  hia 
vamOkUf  wUdi  lie  denommatce  the  poijfMomal  lamp,  and  of  which  we  extract 
the  feUowiDf  deeeriptioo. 

MtBMi  Polffmomal  Lampt. — **  Brilliancy  and  spaee-penetratinff  p^wer,  in 
the  light  of  lailwaT  agnak,  is  of  the  highett  importance ;  andeqoaUy,  or  even 
more  10^  axe  die  ngniui  of  eteam-hoali,  &e. 

''As  the  Aifllm^f  at  the  centre  of  the  lens  of  a  railway  sifpal  lamp  depends 
upoo  the  iliitiwtr*  of  the  lens  from  Uie  flame  of  tiie  hump,  m  ctder  that  the 
dtvmgent  rmys  may  he  tranmitted  parallel ;  and  as  this  distance  is,  on  acooont 
of  ^die  limilsd  sine  of  ihib  lamp,  small,  so  the  lens,  as  nsnaDy  eonstracted,  is 
Ywy  tidde,  geneially  from  2  to  3|  Inches  in  the  centre;  and  oemg  generally 
cohmrsd  xedor  some  other  eobor  the  lorn  of  light  fay  ahsocptioB  is  very  great 


"  The  figure  represents  a  mode  of  obTiating  this,  which  I  have  adopted,  by  an 
application  of  the  polyzonal  lens  of  Fresnel.  The  lens  is  cast  in  two  parts, — the 
outer  or  annular  lens,  and  the  inner  or  central  one,  then  ground  so  as  to  hare 
a  common  focus.  The  inner  lens  is  fitted  to  the  rebate  of  the  MinnUr  one,  by 
a  little  Canada  balsam  or  other  suitable  cement ;  and  thus  the  compound  lens, 
at  a  small  additional  expense,  has  less  than  half  the  thickness  at  the  centre  of 
the  common  one,  and  as  short  a  focal  length  with  much  greater  penetratiTe 
power. 

"  Weight  is  also  saved  in  the  lens,  which  is  of  imp<Nrtanoe  in  railway  signals, 
when  mounted  aloft  in  stormv  weather,  and  it  economises  die  coloured  fflass. 

'*  The  lenses,  to  be  completely  cleaned,  must  be  washed  xmtside  to  clear  out 
dust  from  the  sharp  re-entering  comers  of  the  central  lens,  but  even  this 
might  be  avoided  by  fitting  and  cementing  a  drculsr  disc  of  thin  plate  glass 
over  the  central  q»ace,  from  a  to  6  in  section,  to  keep  out  the  dust." 

UawkMhaw*9  Signals  and  Switches, — In  the  generality  of  cases,  there  is  one 
position  of  the  switches,  or  shunts,  which  is  necessary  for  the  thorough  or 
principal  traffic,  and  in  which  direction  the  trains  have  to  pass  at  a  maxmium 
velocity,  while  the  change  that  is  given  by  the  other  porition  of  the  switches  is 
less  frequently  required,  and  is  chiefly  passed  over  oy  trains  at  a  slow  rate. 
The  principal  object  of  Mr.  Hawkshaw's  invention  is,  to  secure  the  switches 
being  held  or  kept  in  a  proper  position  at  all  times  for  the  principal  or  tlunrough 


HAWKSHAWS  SIGNALS  AND  SWITCHES, 
tnffle;  and  when  there  is  occaiion  to  [ronsrcr  the  traiiii  o 


another  line  from  that  on  which  the  chief  traffic 


pane^  It 


II  to  be  done  by 
lomc  peraon  holding  the  "wilch  proteelot  in  s  proper  position  for  thai  purpnsr ; 
and  immediately  after  such  trBiufer  from  one  line  to  the  other  hoa  been  eHecteil, 
he  lets  go  hit  bald  npon  the  handle  of  the  apparatuii,  and  it  will  Trom  it>  setf- 
acling  construction,  instantly  and  of  neceuity  return  to  iu  original  poBilinn  ; 
iDOTiiig  at  the  lame  time  the  switches  or  double  rails  in  connexion  therewith 
in  the  right  direction  for  the  principal  or  thorough  traffic,  and  muntab  them 
ill  that  position,  ao  as  to  prevent  Che  poaaibility  of  the  main  linei  of  rails  being 
leA  unconnected. 

In  the  subjoined  illuBtralion  of  the  invention.  Fig.  1.  is  deBi|iied  to  show  a 
front  elevation,  but  with  the  front  plate  removed  to  exhibit  the  interior 
mechiuiism  ;  and  fig.  2.  is  a  side  elevation  at  right  angles  to  the  former.   It 


will  be  apparent  that  by  depressing  the  lever  e  iuto  the  horiiontal  position,  t)ia 
bevelled  wheel/,  on  its  axis  g,  will  actuate  two  bevelled  pinions  h  and  I,  the 
lower  one  h  turning  on  the  vertical  spindle  i,  the  other  end  of  which  carries  an 
eccentric,  d,  that  turns  the  switch  or  double  lail  placed  in  connexion  therewith, 
(but  not  ititroduued  into  the  drawing,)  in  the  exact  position  required  fordirect- 
ing  a  train  out  oT  the  main  into  a  diverging  line  ;  at  the  same  time  the  upper 
pinion  /.  through  the  medium  of  ita  verticu  spindle  n,  turns  a  signal  disc  o  intn 
the  position  delineated  in  fig.  1.,  which  Is  at  right  angles  with  uie  direction  of 
the  main  line.  The  depreuion  of  the  lever  e  produces  a  third  eSect,  that  of 
raising  a  counter  halanco  weight  k,  which  is  keyed  to  the  axis  7;  so  that  when 
the  train  has  passed  into  the  dive^ng  tine  of  rails,  the  attendant  has  only  to 
BulTer  the  weight  to  operate,  which  brings  the  lever  e  into  the  vertical  position 
again,  and  thereby  places  the  signal  disc  o  in  its  former  edgewise  position,  indi- 
cating that  the  main  line  it  open  for  the  passage  of  trains.  When  the  continuity 
of  the  main  line  is  broken  by  the  positioa  of  the  switches,  (he  attendant  u 
necessarily  tbere  attending  il,  and  the  signal  alio  shows  to  the  engine-man  of 
an  approaching  train  that  such  is  tlie  case,  in  lime  for  the  shutting  off  the 
■team,  and  the  ajiplicalion  of  the  drags.  But  as  the  reconnecting  of  the  main 
line  docs  not  depend  upon  the  vigilance  of  an  attendant,  but  is  forcibly  « 
acting,  the  risk  of  accident  from  the  erroneous  positionof  the  switch  mcchai' 
is  reduced  almost  to  an  impossibility.  To  render  the  signal  visible  a< 
lapip  is  placed  in  the  centre  of  the  disc.     [London  Journal,  October,  1' 
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Am*  VkM^fv— TIm  eonbuction  of  thi*  vcrr  poimfiil  mttat  of  comniuiii' 
ealBg  inldligHiM  bj  Mtond  n  ihowa  in  ike  umcied  Fig. ;  it  ii  ■!!  of  brui, 
aid  £•  bat  a  b  eiat  boUow  wiih  m  flaocfa  t  at  the  bottom,  to  bolt  it  upon  the 
'~    *aiVtliaa*eockcplBead  in  it  with 


OebHdki 


U  fixed 
piece  o 
-tthar 


A*  baadk  pniectiiig  onl  to  dio 
Md  to  be  taken  ctf  it.  The  enp/i 
IfMI  tha  foot*  hj  wtawinK  the  ; 
ifen  i^  md  both  an  tnniadtralj 
•■lar  odyea,  leaTJng  a  veij  nairow 
paaMge  1 1  between  iMm  aQ  nmid.  Hie 
■face  f  it  faoUow,  bavinf  hole*  A  in  ib 
tUm,  and  a  pfllar  k  MaBdinpon  its  centre, 
MiAiebiieerevaddiebgU;/;  the  thin 
•dge  of  which  ie  branght  jiat  o*er  the 
aneiiiin  i,  and  half  an  inch  above'iL 
wbHi  A*  coek  ii  opened,  the  iteain 
mten  tba  cap  /  through  the  holei  t,  and 
nnhe*  oat  et  the  nanow  ilit  i,  etrikiDg 
Oe  thin  edge  oT  the  bell  ^  in  ■  Bmilar 
manna  to  (he  action  in  orgia  pipe^  and 
pinducinf  >n  exceeding) J  ihnll  lound: 
•mne  holei  a  are  made  in  the  top  of  the 
bell,  to  aDow  the  iteam  to  pui  freely 
thfMuh,  which  improvet  the  louDd  cod> 
iideraUf.     The  cock  it  required  to  he 


«  Iteam  whittle  ii  very  cfiectiTe,  and 


OuarSt  Signalt. — Notwithetanding  the  many  jdant 
,     .  >r  the  puTTwee,  there  it  not  yet  a  wngle  inrention 

which  hat  been  brought  into  ate  for  eSecling  the  much  wanted  communication 
between  the  guaii*  and  the  engineen. 

About  twelve  monthl  ago,  Captain  Taylor,  K.  N.  nibmitled  to  (lie  Admiralty 
an  initrument  for  giving  tignalt  to  aleamen  and  other  veigeli,  which  he  called 
a  teUphtme,  the  loundt  from  which  could  be  heard  for  a  dittance  of  iht«e 
milet.  Thii  inatrument  wat  a  modificatioa  of  on  invention,  patented  a  year  or 
two  previouily,  by  Mr.  C.  Hood,  F.  R.  S.,  which  w a*  intended  to  accompfith  the 
object  above  proposed,  of  effecting  a  eommunication  between  the  cuardt  and 
engine-men  on  railways,  and  alto  for  marking  by  «gnali  the  tract  of  ilesm 
veneli  in  foggy  weather.  For  both  these  poipoeet  the  invention  appeon  to  be 
perfectly  apptic^le. 

The  object  it  aecomplithed  by  meant  of  a  whittle,  dnular  to  that  used  on 
the  locomotive  engine),  and  worked  by  compretwd  air  instead  of  tteam.  Under 
the  frame  of  the  carriage  on  which  the  guard  hat  hit  leal,  it  fixed  a  condenilng 
air  pomp,  worked  by  a  pinion  fixed  on  the  carriage  axle.  The  condemed  air 
it  Tcceii^  into  a  vestel  holding  about  two  cubic  feet ;  into  thit  veiiel  tlie  air  it 
pumped  nntil  the  prenure  it  about  50  or  60  Ibi.  on  the  iqaare  inch,  when  the 
Kuard  hj^  a  motion  of  hit  hand  or  foot  throwa.tbe  pump  out  of  gear,  to  be  again 
Drought  into  gear  by  the  tame  meant  when  required.  Connected  with  this 
veitel  is  a  pipe,  terminating  in  a  whistle,  similar  to  the  high  pressure  tteam 
whistle,  hut  with  all  the  pottages  made  very  much  finer  and  tmaller.  On  the 
fineness  of  these  pattages  much  of  the  efficiency  of  the  instrument  depeoda, 
for  there  being  no  condensation  of  steam,  aa  is  the  case  with  the  steam  wniatle, 
the  air  passea  out  with  extreme  rapidity,  and  without  any  obitruction.  Tbii 
wbiille  is  placed  within  a  tube  in  the  form  of  a  ipeakiag'trumpet,  which  it 
directed  towards  the  enrine-msn,  and  by  merely  turning  the  handle  of  the 
whistle,  a  powerful  tound  is  produced,  precisely  similar  to  the  tteam  whittle, 
and  of  en  intensity  which  can  be  increased  to  any  amount,  by  inereating  the 
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pressure  of  the  air  in  (he  Tecetirer.  The  advanlage  of  thii  plan  of  ai^iuili  i«, 
thut  it  doei  not  interfere  with  any  of  Ihe  other  EurangDineiiti  of  the  iraiu,  aad 
ii  not  dependent  on  any  connexion  vith  other  parts  of  the  train  for  iu  efficient 
operaiiun. 

The  object  Bought  to  be  obtained  by  CaptaJn  Tajlor'a  proposition  may  ira 
think  be  obtained  bv  the  improved  Mouth  Whistle,  lately  ioveuted  by  Mr. 
Porteoti^  of  which  tha  annexed  cut  1*  a  repreaenutiati.  It  coniisti  of  k  com- 
bination of  any  number  of  metallic  tubular 
whiatlei,  combined  under  one  mouth-piece,  and 
having  thcur  tauea  so  arranged,  that  by  the  intro- 
duction oronediacordaiit  note,  an  extremely  ihrill 
vibraling  lound  ia  produced,  which  is  conveyed  to 
a  grent  diatonce;  >ta  peculiar  discordance  enabling 
il  to  be  diitingitiahed  from  any  otiier  auuod. 

Electric  Telegraph.— Amojieal  the  numerous 
invention!  lo  whicK  raiiwnys  E«ve  given  rise,  or 
have  aided  in  bringing  to  maturity,  the  Electric 
Telegraph  itanda  pre-eminent,  transcending  a* 
for  all  previoualy  Itnonn  meana  of  traneinil- 
ting  intelligence,  aa  the  railway  exceeds  all 
previously  known  methods  of  irontiport.  The 
Semaphore  or  old  telegraph,  although  capable  of 
coniniunicating  with  considerable  celerity  under 
favourable  circuniJilanceB,  might  yet  be  deemed 
snail-tiaced  in  its  action  when  compared  with  the 
electric  telegraph,  and  from  the  lengtha  of  the 
liighig  and  the  alatc  of  the  atmoaphere  in  thi* 
counlry,  it  waa  inefficient  for  Ihree-fourtha  of  the 
24  houn  on  an  average  of  the  year:  the  electric 
telegraph,  ou  the  contrary,  in  addition  to  iti  action 
being  so  rapid  aa  to  defy  calculation,  and  there- 
fore being  practically  speaking  imlantaneoia,  is  by  night  and  by  day,  and 
under  all  circumatances  of  weather,  constantly  ready  for  instant  use.  Con- 
sidered in  coilneiion  with  railways,  it  afforda  to  the  latter  advantages  at  least 
equivalent  lo  that  which  il  derives  from  them  ;  for  if  railways  from  their 
security  from  intrusion  afford  the  miut  favourablo  uluations  for  tlie  establish- 
ment of  these  telegraphs,  the  latter,  Irom  the  instantaneous  notice  which  they 
are  capable  of  giving  of  what  Is  occurring  at  any  point  of  the  line,  not  uniy 
obviate  to  a  great  extent  the  chances  of  accident,  or  facilitate  tlie  remedy  of 
their  effects  when  they  do  take  place,  but  in  many  aituatious,  they  render  it 
practicable  to  employ  a  single  line  of  rails  for  a  double  Line,  and,  by  the 
economy  thus  effected,  are  calculated  to  add  greatly  to  the  extension  of  railways. 
The  idea  of  an  electric  telegraph  ia  not  so  recent  oa  is  gmerally  auj^Msed. 
but  il  was  not  until  the  discovery  of  the  coimexion  between  electrloiiy  aiul 
nagnetiim  that  it  was  found  reducible  to  practice,  and  for  this  disc«*ery  w* 
are  indebted  lo  Professor  Oented,  of  Copenhagen,  who  fint  suspecting  it  in 
180G,  at  length  succeeded  in  proving  it  in  IH19.  The  facta  upon  which  the 
action  of  the  electro-magnetic  telegraph  in  its  various  modifications  dependi, 
ate  the  following: — 

1st.  If  a  magnetic  needle  be  brought  near  a  wire,  the  ends  of  which  are  in 
contact  with  the  polea  of  a  galvanic  battery,  the  needle  will  be  deflwled  from 
ita  magnetic  position,  turning  to  the  right  or  left,  according  lo  ihe  course  of  the 
electric  current. 

2d.  If  a  wire  carrying  an  electric  current  be  coiled  many  times  round  a  soft 
bar  of  iron,  a  powertiil  magnelisni  la  developed  in  the  iron.  This  magnetism 
liowever  conlinuea  only  so  long  as  the  electric  current  continues  to  puss,  the 
iron  becoming  instantly  demagnetised  on  the  current  being  interrupted.  Thoa, 
if  round  a  bar  of  iron  a  long  copper  wire  be  wound,  (the  wire  being  coated 
thrriiighout  ill  entire  length  with  some  nun-con  due  ling  subitancc.  in  order  Iu 
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pmtMt  metallic  contact  between  the  coil,)  upon  tbe  endi  of  the  wire  being 
broo^t  in  contact  the  one  with  the  pontiTe,  and  the  other  with  the 
MfUiv*  pole  of  a  falranlc  t*allerj,  the  iron  become*  powerAiUy  magnetic,  at- 
truting  with  gnat  force  anjr  piecei  of  iron  preienled  to  it  -On  remoring  the 
wire  fiwn  the  battery  the  iron  become*  denuignetiied,  and  ao  rapidly  doei  thit 
magnMiaiiig  and  demagnetiong  proceu  go  on,  that  if  the  bar  of  iron  be  mite* 
dtaunt  from  the  batter]',  and  the  connexion  and  interruption  of  tLe  current 
be  repeated  with  the  utmoit  activity,  «  correiponditig  eleeuic  or  non-electric 
atate  iMtantly  appean  in  the  diitant  iron  bar. 

Tbe  third  (act  (which  maj  be  conu'dered  at  the  conTene  of  the  second)  is, 
that  if  a  wire  be  mored  near  a  magnet,  an  electric  current  ii  induced  bj  the 
tn^Mt  In  the  wire,  and  by  uiing  a  powerful  munet,  and  large  coil*  of  wire, 
verr  powarib]  eteclnc  eurrenti  ore  produced.  We  ihatl  now  proceed  to  de- 
•cribe  throe  modificadoni  of  the  electric  telegraph,  based  upon  the  preceding 
fbcta,  which  have  been,  or  are  at  present,  in  uie.  We  commence  with  one  ol 
two  talenaphic  arrangement!,  invented  by  Menn.  Cooke  and  Wheatstone, 
employed  on  the  Great  We*tem  railway,  between  the  Paddington  terminui 
and  the  station  at  Slougb- 

This  arrangement  comprise*  two  distinct  parU,  namely,  the  "Communica 
tor,"  which  u  stationed  at  that  end  of  the  line  from  which  the  message  is 
transmitted,  and  the  "  Indicator,"  on  which  the  meiaage  it  read  oG^  which  is 
titnated  at  the  opposite  end  of  the  line,  the  two  being  connected  by  wires  e: 
tending  the  whole  distance  between  the  t<      '    '  "    '  ' 

of  the  communicator. 

<  o  i*  a  powerful  hone- 
*boe  magnet,  supported  on 
blocks  of  wood  i  b,  secured 
to  the  wooden  fiame  e.  d  4 
are   two   extendTe   cinla    of 


fig.  1  represents  •  plan 


are  sapported 
'  soft  ■ 


The  CI 


a  forked  bar 
,  attached  to  • 
vertical  axis.  The  axis  is 
turned  by  a  pinion /on  itiend,  ; 
which  engage*  with  the  laige 
toothed  iritMl  a.  The  face  of 
this  wheel  i*  divided  into  24 
eompartaients^  one  of  which 
is  marked  with  a  cross,  to  in- 
dicate the  stnting  and  finish' 
Ing  p<riBt,  and  the  remainder 
of  ttia  dividont  are  each 
nutilced  with  a  tetter  of  the 
dphabet,  the  tetters  J  U  and 
A  being  omitted.  The  nam- 
ber  of  teeth  in  tbii  wheel  is 
•Qchthat  there  occun  between 
each  letter  as  many  teeth  as 
there  an  teeth  in  the  pinion, 
■D  lliat  in  moving  the  wheel 
through  an  arc  equal  to  one 
compartment  or  division,  the 
pinion  petfonn*  one  revolu- 
tion; and  as  the  electric  cur- 
rent produced  in  the  coils  when  rotating  occurs  in  only  one  position,  (that  is, 
when  tlie  forked  liar  of  soft  iron,  upon  which  they  ara  placed,  is  in  contact  with 
the  under  side  of  the  magnets,}  and  in  any  other  poailion  they  are  non-electric, 
■t  each  revohition  of  the  coib  a  cttrrent  of  electricity  through  the  wire*  will 
he  ooee  establittied  and  once  broken ;  and  in  like  manner,  in  tnrning  the 
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wheel  ihrough  the  ipocc  of  ten  letten  there  would  be   ten  etectcic  ci 
through  the  vires,  ind  ten  interruptions. 

We  must  now  proceed  to  the  descriplioo  of  the  "  Indicator,"  represented  in 
Figures  2  and  3 ;  Fig.  2  belni;  an  external  elevsdon,  and  Fig.  3  showing  the 
■pparatui  diveiled  of  the  external  cuing. 

f,g.  2.  Fig.  3. 


lin  of 


of  tlie  alphabet. 


This  initrnraent  contitls,  in  the  Gnt  place, 
wheels  i,  like  a  clock  train,  with  a  detent  or  eicapeinea 
arbor  of  the  last  wheel  a  card  n,  marked  with  the  1 
carreaponding  with  those  marked  on  the  face  oF  the  i 
train,  uid  opposite  to  an  iron  lever  attuclied  to  the  detent,  it  fixed  a  ciirced  bar 
of  soft  iron,  round  which  is  wound  a  coil  of  coveted  wire  o,  ahich  is  connecied 
by  the  wire  p  with  the  coils  d  d  of  the  communicator ;  so  that  an  elptiric 
current  pa<ising  through  the  coila  d  d,  passes  at  the  same  initant  through  the 
coil  o;  the  iron  bar  then  becomes  initanlly  a  powerful  magnet,  and  ntlracting 
the  lever  releases  the  train,  and  alluna  the  main  arbor,  with  its  card  or  dial 
plate,  to  leTolve  through  the  apace  of  one  division  each  time  that  the  current 
passes  through  the  wire.  Inthefaceofthecaaingwliicbeticloiealhe  apparatus  i*cut 
an  aperture  q,  (as  shown  in  Fig.  3,)  through  which  may  be  teen  the  upp.  rmiiat 
letter  and  numeral  on  (he  dial  card,  and  this  card  is  lo  fixed  on  the  arbor,  that 
when  anv  letter  on  the  communicator  is  oppoaile  to  the  pinion,  thai  letter  »iU 
■Und  uppermost  on  the  dial,  and  appears  through  the  aperture  in  the  casing. 

We  will  now  auppose  we  wish  to  apell  some  word  at  the  indicator,  andiuppoae 
the  communicator  in  the  position  shown  in  the  drawing.  Oppoaile  the  pinion 
of  the  communicator  is  the  cross  4~  and  opposite  to  the  hole  in  the  indicator 
will  sIni  be  the  cron  -f- .  Let  the  word  be  "art"  — if  we  turn  the  wheel  of  the 
commanicator  until  the  letter  s  is  brought  opposite  the  oinion,  the  coils  will 
hive  rotated  once,  and  a  current  running  through  the  whole  length  of  the  wire, 
the  wheel  of  the  indicator  will  move  thttnigh  a  tooth,  and  eipoae  the  letter  a; 
we  now  turn  the  wheel  until  the  letter  r  come*  oppoaile  the  pinion,  the  coils 
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win  thm  be  nuds  to  Tottl«  m  mtof  timM  m  there  ue  letten  between  ■  and  r, 
that  ii  nxteeo  time^  knd  dxteen  cnrrenti  wQl  hare  puwd  through  the  wire*, 
and  the  *he«1  of  the  tndicator  will  have  turned  through  liiteeD  teeth,  and  the 

1-.. !._ J      tu I  ..  _  .   _    I  .1^^  iMter  r  beiug  nppoeite 

lough  the  diitince  of  two 
by  thut  moTiii^  it,  t 


letter  r  be  enoeed. 
the  pinion,  *e  haTa  odIv  to 

lelteri  to  bring  (  to  the  apenure  id  the  indicator ;  by  thut 
Dti  pBi*  along  the  wire*,  and  the 


pauet  rvuiid  through 
-^  diitance  of  iwo  t«eth,  and  the  letter  t  ii  presented.  It  is  obvioiii  tliat  m 
taming  round  (be  wheel  of  the  commuaicBtor  w  a*  to  bring  opniiite  the  pinion 
a  distant  letter,  all  the  inlcnnedisle  telten  pau  the  pinion,  and  by  the  nnmber 
of  eurrenb  prodoced  all  the  intermediate  letter*  liaTC  paued  before  the  opening 
in  the  indiolor,  but  thar  paea  h  rapidly  ai  not  to  he  dittinguiihable,  and  no 
letter  will  reat  o^poeite  the  hole  but  tlio  proper  one. 

The  tdepubio  ainngeniant  which  we  have  juit  deacribed,  although  pnhapa 
the  moat  tiinple  in  principle,  and  the  moat  reamly  oontpreheaiible  in  it*  opera- 
liaa,  i*  not  that  which  b  maat  generally  emfdoyed  in  thb  country ;  being  deemed, 
npoa  Ibt  wbole.  Inferior  u  lut  arrangement  which  ii  baeedupon  the  deflection 
Mmagnetie  needlea  bt^lbe  agency  of  electric  current*,  and  which  we  ilialL  no 
Fig.  1.  Fig.  2. 


1      1 

J 

d 

0)      (S   1 

t^ 
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Fig.  I  and  2  repienent  the  eleclio-magrielic  portion  of  the  apparalitt,  F^.  1 
being  a  fVont  view,  and  Fig.  2  a  traniverte  leelion.  a  A  are  two  coil*  of  covered 
wire  wonnd  round  a  braia  frame  b  b,  which  i*  batted  to  the  bottom  of  the  eaie 
in  which  the  apparalua  i>  concealed  ;  c  c  are  two  ma^etic  oeedlea  fixed  upoD 
an  Bail  d,  which  luma  in  bearings  fixed  to  the  back  and  front  of  the  cate.  One 
orihe  needlea  ii  placed  upon  the  middle  of  ihe  aiii  between  the  coili  of  wire, 
ilita  d  being  fcirmed  in  the  framci  b  to  admit  of  the  vibration  i  the  other 
needle  ii  fined  upon  the  end  of  the  aiii,  which  prcgecti  beyond  the  face  of  the 
initmment.  The  needlee  are  fixed  upon  the  axil  with  their  mpectivc  polet 
•Undiug  in  oppoiile  directioni;  that  ii  to  aay,  the  north  pole  of  the  aar  needle, 
and  the  loutli  pole  of  llie  other,  point*  upwards,  n  a*  to  counteract  the  efi*ecl* 
of  the  dip  of  tne  needle.  Upon  paiting  an  electric  current  through  the  coilt, 
by  connecting  them  with  a  galvanic  battery,  \\tey  immediately  eierl  a  deflec- 
tive force  upon  the  needlei,  attracting  them  to  the  right  or  left,  according  to 
the  coune  oT  the  electric  current,  which  alwayi  flowi  from  Ihe  poiilive  to  Ihe 
negative  pole  of  tlie  battery ;  thu*,  if  the  coil  d  be  connected  with  Ihe  positive 
or  lilver  pole  of  the  battery,  the  upper  end  of  thoneedle  will  point  to  ihe  right; 
but  if  the  coil  a  be  connected  with  the  positive  pole,  the  needle  will  point  to 
the  left.  In  the  complete  apparatui,  two  needlea  or  pobter*  with  their  *epaTBta 
Goili  of  wire  are  employed,  and  the  letter*  of  the  alphabet,  numeral*,  and  a 
variety  of  conventional  ilgnals,  are  indicated  by  the  aingle  or  combined  move- 
ments of  (he  needle  on  the  face  of  a  dial  plate  filed  in  the  front  of  the  caie  va 
which  the  apparatui  ii  enclosed,  and  which  i*  shown  in  Fig.  3. 


WHEATSTONE'S  ELECTBJC  TELEGRAPH. 

of  tb«  needlei  tra  m  foUowi. 


thrice,  ■  ;  SrM  tiglit,  then  1^ 


c ;  the  revene,  d  ;  once  direct  to  tfae  right,  i ;  tvice,  f  ;  thricr,  a ;  aotl  in  tlje 
iBQie  order  with  the  other  needle  for  u,  i,  e,  l,  h.  m,  o.  f. 

The  li^als  below  the  centr:  of  the  dial  are  indicateil  hy  the  parallel  meTe- 
menti  of  both  aeedlei  ainiDltaneouslf .  Both  needles  moving  once  to  (he  Icit 
Indicate  H ;  tnice,  b  ;  thrice,  t  ;  tint  right  than  left  nith  both,  u  ;  the  reveru, 
t;  both  moving  once  to  the  right,  k  ;  twice,  x  ;  thrice,  t. 

The  figuicB  are  indicated  in  the  uune  way  m  the  letter*  nearest  to  vhicli 
th^  are  reipeetively  placed. 

To  change  from  letten  to  figures,  the  operator  givn  H,  Mlowed  b}'  the  + 
which  the  recipient  retumi  to  aignify  that  be  underalandi. 


HOBIBI  BLECTBIC  TBLEOBAFH.  m 

'J  rflv  dw  iboM  ibM  ( H  awl  4-),  wen  gtrta,  t,9,*,u  vara  (Meirad, 
Utt  tcU  to  MdmlMd. 
A  etoagi  fron  figuM  !•  Irtttn  u  netlGad  bf  firi^  I  Ulawad  b^  Ito  -f-, 


IwN^intal 
.    _    ««nl  H  adaoirtMlgad ;  if  A*  Mdpimt  nudrntand),  be  fiTM  ■,  If  net 
Oa  4-,  b  iriuek  «aM  tha  satd  !■  rapaalad.    Btapi  an  ptaead  at  ■  a,  lo  Hmlt 
''       "     lieu  af  die  naadle*.  The  eooaaxiaa  betvaan  tkanaedlaa 


itatwBBd  at  Uw  odiw  aad  of  tba  Una,  Ibat  a  eonmnniaatieti  ii  abent  to  ba 
mada.    Tbta  ii  iflhatia  m  a  itoiilH  wa^  to  tbat  by  whidi  tba  indioatsr  in  tbe 

__.i ^ ^(^  ibalerar  of  tbt  datantii 

Ii  Ii  emlad  a  qnanlit;  of  wln^ 


ateacting  tba  datanl  l«*ar  rriaaaai  tba  ipriDg,  and  tlicnby  aaCa  tba  alajnn 
■atlm.    A  Hiailar  valuing  at^antof  Ii  attaabid  to  tto  ilnt  daacTibad 


A  tbird  airangement  of  Ibe  electric  telegraph  ii  diat  inTented  bj  PiofaMor 
Hone,  and  whicb  is  tiie  one  adopted  in  America. 

Tbe  e1egtn»MnBgaet  ia  the  bajii  upon  wbich  tbii  inventioD  whollj  retti  in  iti 
preient  conttruction.  The  electro-megnet  ii  pn>duced  by  coiling  arouDd  a  bar 
of  lofl  iron  made  iB  tba  bnn  of  a  honeshoe  (Fiji.  1.)  copper  wire  previoutlj 
covered,  (eimilar  to  bonnet  wire,)  and  varnished  to  prevent  metAllie  contact  with 
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eoch  Dtber  and  the  iron  (Ry.  2).  The  two  UrminttioDB  of  ihe  wire  Ibm 
Burrounding'lhe  icon  In  a  spiral  form,  are  brouglitout  at  each  end  of  the  currpd 
bar,  and  are  connected  one  will)  the  sine  pole  o(  a  ealvinic  batter;,  the  otiier 
with  the  plalinuni  poic.  The  bsttery  being  prepared  in  the  utual  manner  wilb 
its  corroding  acid,  produces  galvanic  electiicily,  which  ilarti  off  from  ont  pole 
of  the  ballery,  follow!  the  wire  around  the  aoft  iron,  and  returns  to  the  other 
pole  of  the  ballery  by  the  other  vrire,  thui  forming  a  complete  circuit.  The 
galvanic  fluid  is  now  passing  the  whole  length  of  the  wire,  and  while  ihm 
pnxine,  the  curved  iron  becomes  a  strong  msgnet.  By  cnnnecliiig  the  two 
ends  of  the  bent  iron  with  a  bar  of  limilar  lofl  iron,  il  will  lupporl  many  pound* 
weight  If  while  in  thii  condition  one  of  the  wir^s  a  removed  from  the  batterv, 
the  crow  bar  falls,  and  with  it  its  wciglils,  nnd  the  curved  iron  return)  initanlly 
to  iu  original  state.  It  is  immagnetiaed.  Complete  the  circuit,  as  at  first,  and 
in  an  inatant  it  ii  again  a  magnet.  If  the  battery  ia  placed  100,  or  1000,  or 
10,000  feet  from  the  iron,  yet  when  the  one  h  connected  with  the  other  by  inter- 
vening wirea,  the  eflecl  upon  the  mognelia  the  same,  making  it  a  magnet  when  the 
circuit  19  complete,  and  vice  nerid  when  it  is  broken.  In  ihii  way  power  is 
produced  at  a  point  of  considerable  distance  from  the  generating  agent ;  and  it  is 
wholly  at  the  command  of  tlie  operator  at  the  batter}'  to  make  or  destroy  the 
power  produced  with  the  utmost  possible  rapidity. 

The  figures  on  thepreceding  page  represent  the  most  simple  form  oftheeleelro- 
mognel,  wilb  iti  appropriate  machinery  for  telegraphic  purposes,  a  represenis  a 
side  view  of  an  iron  bar.  surrounded  witli  its  coils  of  copper  wire,  standing  upon  a 
platfono  if  I  c  being  an  upright  arm  secured  to  ^,  to  which  the  magnet  or  toft 
iron  is  permanently  fastened,  by  means  of  tiie  boll  b  b  passing  between  the 
prongs  of  the  curved  iron,  and  tlirough  the  board  d,  and  the  adiuitiDg  screw  c. 
r  ia  the  projecting  prong  of  the  iron  after  it  has  pasted  through  (he  coils,  one 
only  being  seen.  The  other  prong  ia  directly  behind  e.  g  representa  the  end  of 
the  iron  bar  oi  keeper,  extending  back  so  far  as  to  cover  both  the  prugecting 
ends  of  the  hotieshoe-forraed  magnet-  The  iron  bar,  or  keener,  is  fastened  lo 
the  lever  h  h.  which  is  delicately  adjusted  so  as  to  rise  and  laU  by  a  pivLt  at  i; 
k  represents  a  steel  spring,  supported  at  one  end  over  the  lever  A  A  by  the 
upright  V,  and  passing  through  a  loop  I  formed  from  a  brass  wire,  the  lower 
part  of  the  brass  wire  being  secured  to  the  lever  h  by  means  of  a  screw  at  n. 
o  is  a  hardened  steel  pinnl,  connected  with  the  lever  h  h,  and  directly  over  the 
centre  of  the  metallic  roller  I,  in  which  a  alight  groove  is  made  to  correspond 
with  the  point  of  a.  r  represents  the  standard  in  wliich  the  axis  of  tlie  roller  ( 
freely  revolves. 

The  line  s  representa  the  paper  in  form  of  a  riband  passing  from  ils  coil 
between  the  roller  and  the  point  of  o  ;  n  and  p  are  the  two  extremities  of  the 
wire  upon  the  magnet  a. 

EvCTy  part  is  now  described,  and  from  what  has  preceded  ihe  description, 
(boaring  in  mind  that  the  battery,  nben  in  action,  by  forming  a  complete 
circuit  with  the  wires  n  andp,  converts  tlie  horseshoe  bar  into  a  powerful 
magnet,}  the  mode  of  writing  by  the  instrument  may  be  easily  comprehended 
by  what  follows. 

Complete  the  circuit,  and  instantly  the  cross  bar  g  approaches  the  ends  of 
Ihe  magnet  e,  until  they  meet  in  the  direction  of  the  arrow  u'.  Break  the 
circuit,  and  0  ia  carried  up  in  the  direction  of  the  arrow  z,  by  means  of  (ha 
spring  k.  If  lo  the  roller  t  clock  work  b  attached,  to  give  it  a  uniform 
movement  upon  its  a^rii,  the  paper  <  will  move  with  the  same  uniform  molioo 
under  the  point  o,  tlien  by  completing  the  circuit  ibe  point  o  b  brought  down 
upon  the  paper,  which  b  indented  lo  such  a  degree  as  to  make  it  perfectly 
apparent,  and  the  point  continues  to  mark  it  in  that  manner  so  long  as  the 
circuit  is  closed,  but,  upon  breaking  the  circuit,  llie  marking  ceasee,  and  the 
point  0  flies  from  the  paper,  which  continues  passing  on. 

If  the  circuit  u  closed  and  broken  with  the  utmost  rapidity,  then  a  auccession 
of  dots  and  of  spacea  upon  the  paper  appears. 

If  the  circuit  is  successively  cloied  iind  broken  with  less  rapidity,  short  linn 
and  intervening  short  spaces  are  mnde.  If  closed  for  a  longer  lime,  and  broken 
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then  the  marlu  hecome  longer :  so  that  doti,  short  lines,  long  linet| 
and  ahort  and  long  spaces,  are  made  acoording  to  the  time  the  cireait  is  dosed, 
and  the  rapidity  with  which  the  paper  moves  under  the  pen. 

An  aifaitrary  arran^ment  of  these  dots,  short  and  long  spaces,  and  lines,  con- 
•titntta  the  telmaphie  alphabet,  by  means  of  which,  intelligence  to  any  extent 
ii  commnnieated.  Thus  one  dot  may  represent  a,  two  dots  b,  three  dots  e^ 
ana  doland  a  line  d,  &e.  The  paper  to  be  imprinted^  is  fixed  upon  a  revolving 
cjHndcr,  and  records  despatches  oay  and  night ;  the  records  of  the  night  may 
m  eraniined  in  the  mommg.    The  alphabet  is  easily  learned. 

S&fy^wri  m^amti  ColRriom* — ^Figures  5  and  6  represent  an  apparatus  in- 
TiStMrby  Mr.  Curtis  ior  the  prevention  of  collisions  on  Railways. 

Af.  5  is  a  side  view  of  the  apparatus,  and  an  engine  in  contact  with  i^ 
ittaehad  to  the  last  earriage  of  a  train,  and  FSff.  6  is  a  plan  of  the  same.i 

Tba  skdbra  or  retarder  a  b  formed  like  a  wMge,  with  its  superior  end  turned 
np ;  upon  tne  inner  side,  flanges  are  formed,  so  as  to  keep  it  upon  the  rails ;  the 
two  sidea  are  united  together  by  the  cross  bar  j,  the  plate  x,  and  the  cross 
pieces  o  o,  and  the  sides  are  set  to  the  same  gauge  as  the  rails,  so  that  an 
engine  may  ran  upon  it  without  difficulty ;  to  the  cross  bar  j,  two  buffers  n  d 
are  fixed,  which  eorreraond  with  other  buffers  i,  formed  upon  the  front  fiwne 
of  the  engine^  so  that  when  the  engine  comes  in  contact  with  the  retarder,  these 
buffers  receive  the  concussion ;  the  plate  x  is  used  in  order  to  unite  the  sledge 
aa  near  to  the  point  as  possiUe,  and  still  to  allow  a  free  passage  to  the  flan|^ 
of  the  wheels.  To  the  cross  pieces  o  o  the  spring  pieces  a  a  are  fixed,  forming 
ahafts  for  the  wheels  c  c,  upon  which  the  apparatus  is  carried  when  out  of  gear. 
B  is  a  weiffht  to  counterpoise  the  weight  of  the  alc^yg;^  >o  that  a  man  can  move 
it  along  the  line  like  a  truck  with  great  facility.  The  coupling  f  u  formed  ibr 
the  purpose  of  connecting  the  sledge  witli  the  train  in  the  usuiu  way,  by  meians 
of  a  jomt  and  pin. 

The  retarder  when  out  of  action,  and  connected  with  a  train,  is  attached 
to  the  last  carriage  as  shown  at  l;  the  sledce  then  rides  above  the  rails, 
and  is  suspended  by  the  spring  pieces  a  a ;  but  uiould  an  accident  lumpen  which 
would  stop  the  train,  one  of  Sie  conductors  immediately  detaches  the  retarder, 
and  rans  f>ack  with  it,  and  places  it  500  or  600  yards  behind  the  broken  down 
train ;  then  should  the  engineer  of  the  following  train  not  observe  the  train  be- 
fore him,  and  stop  his  engme,  the  engine  would  run  into  the  retarder,  and  would 
become  a  sledge,  and  the  driving  wheels,  if  not  stopped  by  the  great  resistance 
which  would  now  be  opposed  to  them,  would  skid  round  in  the  retarder  and 
would  have  no  power  to  move  forwards.  No  violent  concussion  would  take 
place,  but  the  engine  would  slide  along  a  certain  distance  in  the  retarder,  when 
the  train  would  l^  brought  to  a  stand-still.  A  hanging  frame  x  must  be  formed 
from  the  engine  frame,  and  the  buffers  usually  placed  upon  the  head  board 
must  be  transferred  to  Uie  lower  frames,  or  other  buff*ers  i  be  placed  there. 

In  the  case  of  a  swifl  train  overtaking  another  train  in  a  fog,  or  at  night,  the 
swift  engine  would  ran  into  the  retarder,  and  the  same  effect  upon  the  engine 
and  train  would  be  produced  as  before  stated ;  viz.  that  it  would  be  brought 
to  a  stand ;  and  the  only  effect  produced  to  the  slow  train  behind  which  the 
retarder  was  travelling,  would  be,  that  it  would  be  torn  away  firom  its  fastenings ; 
for  the  purpose  therefore  of  a.case  of  this  nature  it  will  be  advisable  to  make  the 
fastenings  such  that  it  may  be  torn  away  without  the  last  carriage  being  subjected 
to  any  violent  shock ;  with  this  view  the  pin  at  p  may  be  of  €mk  or  hard  wood, 
strong  enough  to  drag  the  retarder.  but  sufficiently  weak  to  give  way  in  the 
case  mentioned. 
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SECTION  VI. 

CQROVOU>OICAL  AXV  DXfCRIPTIYB  U8T  OF  ALL  PATENTS  GRANTED  FOR 
HfPROVXMBHTB  IN  RAILWAYS,  AHD  LOCOMOTION  THEREON  : 

down  to  the  3014  Jume,  1846. 


iron.— Fnithtr  iBfbrmatloB  rMpocttng  thcte  Patents  may  be  obuined  at  J.  Murdoch's  British 
ad  Fonign  PMent  OlBce,  7|  St^Ie  Inn,  Holboni,  London. 

24tA  Marekf  1802.  R.  Trerithick  and  A.  ViYiaii.  For  methodf  of  improTing 
the  eoostniction  of  steam  enginei,  and  the  iqpplicatioii  thereof  for  drinng  car- 
riages and  for  other  purposes. — Described  at  page  379. 

28tk  Feb.  1803.  J.  Woodhooie.  For  a  new  method  of  forming  a  cast  iron 
rail  or  plate,  which  may  he  used  in  making  iron  railroads,  or  ways  for  the 
worUng  and  runniDg  of  waggons,  carts,  drays,  and  other  carriages  on  puUie 
and  other  roads,  and  also  a  new  method  of  fixing,  fastening,  and  securing  such 
cast  iron  rail  or  plate  on  such  roads. 

Rails  formed  as  hollow  quadrangular  hlocks  of  cast  iron,  concave  on  their 
upper  surface. — ^Described  further  at  page  380. 

I0l4  April,  1811.  J.  Blenkinsop.  Certain  mechanical  means  by  which  the  con- 
veyance oi  coals,  minerals,  and  other  artides  is  fisdlitated,  and  the  expense 
attending  the  same  is  rendered  less  than  heretofore. — ^Described  at  page  382. 

30<A  Dee,  1812.  W.andE.  W.  Chapman.  For  a  method  or  methods  of  ftdli- 
tating  the  means,  and  reducing  the  expense,  of  carriages,  on  railways  and  ol^er 
roads. — ^Described  at  page  384. 

22<^  May,  1813.  W.  Bninton.  A  method  and  machinery  for  propelling  or 
drawing  carriages  upon  roads  or  railways. — ^Described  at  page  385. 

28/A  Feb,  1815.  K.  Dodd  and  G.  Stephenson.  For  vanous  improvements  in 
the  construction  of'  locomotive  engines. — Described  at  page  386. 

18/A  Nov.  1815.  Jos.  Baader.  for  an  improved  plan  of  constructing  railroads, 
and  carriages  to  be  used  on  such  improved  railroads ;  for  the  more  easy,  conve- 
nient, and  expeditious  conveyance  of  all  sorts  of  goods,  wares,  merchandise, 
persons,  and  all  other  articles  usually,  or  at  any  time,  removed  in  carriages  of 
any  constructioD  whatever. 

SOth  Sept,  1816.  W.  Losh  and  G.  Stephenson.  For  a  method  or  methods  of 
facilitating  the  conveyance  of  carriages,  and  all  manner  of  goods  and  materials 
along  railways  and  frameways,  by  certain  inventions  and  improvements  in  the 
construction  of  the  machine  carriages,  carriage  wheels,  railways  and  frameways 
employed  for  that  purpose. 

improvements  in  the  construction  of  edge  rails  and  tram  plates,  and  in  ihfi 
mode  of  supporting  them  and  connecting  them  to  each  other;  also  in  the  einoloy- 
ing  steam  cylinders  to  support  the  body  of  the  locomotive,  and  forming  railway 
wheels  with  wrought  iron  tires  and  cast  iron  spokes,  or  vice  versd. — See  further 
pages  387  and  389. 

5M  A  tiff,  1817.  J.  Hawks.  For  a  method  of  making  iron  rails,  to  be  used 
in  the  construction  of  railways. 

The  upper  side  of  the  rail  is  formed  of  cast  iron,  and  the  lower  or  under  side 
of  wrought  iron,  which  is  inserted  into  the  former  during  the  casting. — See 
further  page  391 . 

23d  Oct,  1820.  J.  Birkenshaw.  Certain  improvements  in  the  manufacturing 
and  constniction  of  a  wrought  or  malleable  iron  railroad  or  way. 
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Making  wrought  iron  rails  of  a  priamatic  or  wedge  form. — See  further  page 
.392. 

I4lh  Sept.  1821.  W.  Losh.  Certain  improvements  in  the  construction  of 
iron  rails  for  railways. 

The  improvements  consist,  first,  in' fixing  bars  of  malleable  iron  on  the  upper 
surface  of  a  line  of  cast  iron  rails,  or  wrought  iron  rails,  so  as  to  form  an  unin- 
terrupted line  the  whole  length  of  the  bar;  Secondly,  fixing  a  strap  of  wrought 
iron  to  the  under  side  of  a  cast  iron  rail ;  Thirdly,  uniting  two  wrought  iron  ribs 
or  sides  to  a  third  plate  of  wrought  iron  to  form  a  rail.---^ee  further  page  393. 

24th  Oct,  1821.  B.  Thompson.  Method  of  facilitating  the  conveyance  of 
carriages  along  iron  and  wood  railways,  tramways,  and  other  roads. 

22dNov.  1821.  H.  R.  Palmer.  Improvements  in  the  coastruction  of  railways 
and  tnunroads,  and  of  the  carriage  or  carriages  to  be  used  thereon. — Described 
at  page  394. 

I9th  Feb.  1824.  John  Vallance.  For  producing  locomotion  by  stationary 
engines. — Described  at  page  486. 

2Sth  Feb,  1824.  W.  James.  Certain  improvements  in  the  construction  of 
rail  and  tramroads,  or  ways,  which  rail  tramroads  or  ways  are  applicable  to 
other  useful  purposes. 

Railways  tormed  of  cast  iron  tubes,  having  flat  tops  for  the  carriage  wheels 
of  a  train  to  run  upon ;  the  hollow  space  within  being  designed  for  the  convey- 
ance of  water,  to  supply  water  to  work  machinery  by  its  descent.  The  patentee 
also  proposed  to  impel  the  carriages  of  a  train  by  these  conduits,  by  causing  the 
water  to  act  upon  arums. 

IBth  Dee,  1824.  W.  F.  Snowden.  For  a  wheel  way  and  its  carriage  or  car- 
riages, for  the  conveyance  of  passengers,  merchandize,  and  other  things,  along 
roads,  rails,  and  other  ways,  either  on  a  level  or  inclined  plane,  and  applicable  to 
other  purposes. — Described  at  page  396. 

bth  Marehy  1825.  W.H.James.  Improvements  on  railways  and  in  the 
construction  of  carriages  to  be  employed  thereon. — Described  at  page  399. 

2d  Aprils  1825.  Jacob  J.  Fisher.  New  application  of  railways,  and  the 
machinenr  to  be  employed  thereon. — Described  at  page  400. 

\2th  April,  1825.  R.  W.  Brandling.  Certain  improvements  in  the  con- 
struction of  railroads,  and  in  the  construction  of  carriages  to  be  employed 
thereon,  and  elsewhere. — ^Described  at  page  401. 

\Oth  May,  1825.  T.  Hill.  Certain  improvements  in  the  conctruction  of  rail- 
ways and  tramroads,  and  in  carriages  to  oe  used  thereon,  and  on  other  roads. — 
Described  at  page  401. 

\Aih  Aug,  1827.  Wm.  Chapman.  Certain  improvement,  or  certain  improve- 
ments in  the  construction  of  waggons  that  have  to  travel  on  railways,  or  on 
tramways. 

The  construction  of  framework  underneath  the  body  of  the  waggons,  to  con- 
nect the  wheels  together  and  allow  them  more  vertical  play,  and  aflbrd  a  more 
equal  bearing  on  the  four  wheels,  in  those  parts  of  the  railroad  where  the 
inequalihr  of  the  level  might  cause  them  to  bear  upon  three  wheels  only. 

\tt  may,  1828.  Jon.  Brownhill.  Improved  methods  of  transferring  vessels 
from  a  higher  to  a  lower  level,  or  from  a  lower  to  a  higher  level  on  canals,  and 
also  for  the  more  conveniently  raising  and  lowering  of  weights,  carriages,  or 
goods  on  railroads,  and  for  other  purposes. 

18M  &p/.  1828.  W.  Losh.  Certain  improvements  in  the  formation  of  iron 
rails  for  railroads,  and  of  the  chains  or  pedestals,  in  or  upon  which  the  rails 
may  be  placed  or  fixed. — Described  at  page  413. 

2\it  May,  1829.  M.  Dick.  Improved  railroad  and  method  of  propelling 
easTiages  inereon  by  machinery,  for  the  puipose  of  conveying  passengers, 
letters,  intelligence,  packets  and  other  goods  with  great  velocity. — Described  at 
page  401. 

31«/  Aug.  1830.  W.  Losh.  Improvements  in  wheels  for  railway  carriages. — 
Described  at  page  471. 

7th. Sept,  1830.  C.  D.  Vignoles,  and  J.  Ericsson.  Certain  additions  to  loco- 
motive engines. — Described  at  page  467. 
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2lti  Feb,  183L  J.  Grime.  Certain  methods  of  diseolnng  mow  or  ice,  on 
the  trains  or  railways,  in  order  that  locomotiTe  engines  and  carriages  and  other 
carriages  may  pass  over  raihroads  without  any  ohstroctiooy  or  impediment^ 
firom  such  snow  or  ice. — ^Described  at  page  445. 

11<4  Marek^  183L  Robert  Stephenson.  Foran  improTement  in  the  axles  and 
parts  which  form  the  bearings  at  the  centres  of  wheeb  for  carriage^  which  are 
to  travel  upon  railways. — ^Described  at  page  470. 

30ik  Aj^rilf  1831.  Geoige  Stephenson.  For  an  improved  mode  of  making 
wheds  for  locomotive  carria^^  The  improvement  consists  in  the  snbstitation 
of  hollow  tubes  of  wrought  iron,  instead  of  solid  bars,  for  the  ^mIlm  of  the 
wheels;  theappUcatkm  of  aprcjMtfation  of  borax,  asaflux  to  theends  of  such 
tubular  q»oke%  previously  to  pladng  them  in  the  sand  mould ;  and  then  of 
runnii^  the  cast  metal  around  them  to  form  the  fellies  and  the  nave. 

5lA  StpL  1831.  Geoige  Forrester.  For  certain  improvements  in  wheels  for 
carriages  and  machineiyy  which  improvements  are  iqpplicable  to  other  pur- 
poses. 

IZik  AfrU  1832.  R.  Roberts.  Certain  improvement,  or  certain  improvements 
in  steam  engines,  and  also  in  the  mechanism  through  which  the  elastic  force 
of  steam  is  made  to  give  impulse  to,  and  regulate,  the  speed  of  locomotive 
carriages. 

29Ui  June,  1832.  J.  Macdonald*  Improvements  in  the  construction  of 
railways. 

ISlk  Sept,  1832.  R.  Badnall.  Improvements  in  the  constructioD  of  the  trams 
or  rails  or  lines  of  tramroads,  upon  which  locomotive  engines  shall  or  may 
be  worked. — Described  at  page  513. 

6ih  Nov.  1832.  H.  Scrivener.  For  certain  improvements  in  the  eonstmction 
of  iron  railways. — ^Described  at  page  417. 

2(Hh  Dee.  1832.  Jos.  Saxton.  Certain  improvements  in  propelling  carriages, 
and  in  propelling  vessels  for  inland  navigation. — Described  at  page  510. 

26th  Jan.  182^.  R.  Stephenson.  Certain  improvements  in  &  locomotive 
steam  engine,  now  in  use  for  the  quick  conveyance  of  goods  and  passengers 
upon  edge  raOroads. 

1st  June,  1833.  Wm.  Jessop.  Certain  improvements  in  the  construction  of 
railways. — Described  at  page  414. 

lOM  June,  1833.  R.  Smith  and  J.  Walkinshaw.  Improved  rail  for  railroads. 

29th  June,  1833.  Jos.  Gibbs  and  A.  Applegath.  Improvements  in  the  con- 
struction of  railroads,  bridges,  piers,  jetties,  and  aqueducts,  part  of  which  may 
be  applied  to  other  useful  purposes. 

7th  OeL  1833.  R.  Stephenson.  Certain  improvements  in  the  locomotive 
steam  engine  now  in  use  for  the  quick  conveyance  of  passengers  and  gooda 
upon  edge  railroads. 

Forming  driving  wheels  (of  six  wheeled  locomotives)  with  plain  tires,  t.  e. 
without  flanges,  and  a  peculiarly  constructed  brake,  set  in  action  by  a  small 
steam  engine. — See  further  page  449. 

IIM  Dec,  1833.  R.  Stephenson.  Improvements  in  the  mode  of  supporting 
the  iron  rails  for  edge  railroads. — Descnoed  at  page  415. 

1st  March,  1834.  H.  Pinkus.  Improved  method  of,  or  apparatus  for,  com- 
municating and  transmitting,  or  extending  motive  power,  oy  means  whereof 
carriages  or  waggons  may  be  propelled  on  railways,  or  common  roadi^  and 
vessels  may  be  propelled  on  canals. — ^Described  at  page  487. 

Sth  Oct.  1834.  B.  Hick.  Certain  improvements  m  the  locomotive  steam 
carriages,  parts  of  which  improvements  are  applicable  to  ordinary  carriages 
and  to  steam  engines  employed  for  other  uses. — ^Described  at  page  483. 

20th  Nov.  1834.  R.  Whiteside.  Certain  improvements  in  the  wheels  of  steam 
carriages,  and  in  the  machinery  for  propellmg  the  same,  also  applicable  to 
other  purposes. 

22d  Jan.  1835.  J.  Day.  Improvement  or  improvements  in  the  construe- 
tion  of  railways. 

I6th  Feb.  1835.  J.  Price.  Certain  improvements  in  railways,  and  in  the 
means  of  transporting  carriages  from  one  level  to  another. 
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4lh  March f  1835.  T.  F.  Bergin.  Improvements  in  railway  carriages,  which 
improvements  are  applicable  to  other  purposes. — Described  at  page  475. 

5th  May t  1835.  J.  Reynolds.  Certain  improvements  in  railways. — Described 
at  page  419. 

lOth  Aug,  1835.  S.  W.  NicholL  Certain  improvements  in  rendering  steam 
engines  portable,  and  applicable  as  a  means  of  general  transport  on  rail  and 
other  roads. 

nth  Aug,  1835.  H.  Pinkus.  Improvements  in  inland  transit,  which  im- 
provements are  applicable  to  and  may  be  combined  with  an  improved  method 
of,  or  combination  of  methods  and  apparatus  for  communicating  and  trans- 
mitting or  extending  motive  power,  by  means  whereof  carriages  or  waggons 
may  be  propelled*  on  railways  or  roads,  and  vessels  may  be  propelled  on  canals. 
— Describea  at  page  487. 

Zd  Dec,  1835.  T.  Parkin.  Improvements  in  sleepers  or  bearers  applicable 
to  railways. — Described  at  page  420. 

16/^  Dec,  1835.  H.  Booth.  Improved  method  of  attaching  railway  carriages 
together,  for  the  purpose  of  obtaining  steadiness  and  smoothness  of  motion. — 
Described  at  page  482. 

2ZdJan.  1836.  H.  Booth.  Improvements  applicable  to  locomotive  steam 
engines,  and  railway  carriages. 

23<2  April y  1836.  G.  A.  Kollman.  Improvements  in  railways,  and  in 
locomotive  carriages. — Described  at  page  468. 

23d  April,  1836.  E.J.  Massey.  improvements  in  railway  and  other  loco- 
motive carriages. 

17 th  May,  1836.  H.  W.  Wood.  Certain  improvements  in  certain  loco- 
motive apparatus. 

18/A  May,  1836.  P.  B.  G.  Debac.     Improvements  in  railways. 

6th  Aug.  1836.  T.  Binns.  Improvements  in  railways,  and  in  the  steam 
engines  to  be  used  thereon,  and  for  other  purposes. 

ith  Oct,  1 836.  J.  White.     Certain  improvements  on  railways. 

I3th  Oct.  1836.  J.  Ruthven.  Improvements  in  the  formation  of  rails  or 
rods  for  making  railways,  and  in  the  method  of  fixing  or  joining  them. 

8th  Nov.  \S36.  J.E.Smith.  Improvements  in  railways,  and  in  locomotive 
carriages  to  work  on  such  railways. 

3d  Dec.  1836.  H.  Booth.  Improvements  in  the  construction  and  arrange- 
ment of  railway  tunnels,  to  be  worked  by  locomotive  engines. 

9/^  Dec.  1836.  J.  Yates.  Improvements  in  trararoads  or  railroads,  and  in 
the  wheels,  or  other  parts  of  carriages  to  be  worked  thereon. 

15^A  Dec.  1836.  J.  Mellint;.  Certain  improvements  in  locomotive  steam 
engines  to  be  used  upon  railways  or  other  roads,  part  or  parts  of  which  improve- 
ments are  also  applicable  to  stationary  steam  engines,  and  to  machinery  in  general. 

25/A  April,  1837.  J.  Pim,  and  T.  F.  Bergin.  For  an  improved  means  or 
method  of  propulsion  on  railways. 

Certain  peculiar  arrangements  for  applying  manumotive  power  to  propelling 
carriages  on  railways. 

Aih  April,  1837.  H.  Booth.  Improvements  in  the  construction  of  loco- 
motive engines,  boilers,  and  furnaces,  also  to  other  furnaces. 

\3th  May,  1837.  P.  B.  G.  Debac.     Improvements  applicable  to  railroads. 

26th  July,  1837.  J.  Melling.  Improvements  in  locomotive  steam  engines, 
to  be  used  upon  railways,  parts  of  which  improvements  are  applicable  to 
stationary  steam  engines,  and  to  machinery  in  general. — Described  at  page 
425. 

25M  Nov,  1837.  H.  P.  Vaile.     Improvements  in  rails  for  railroads. 

\9th  Dec,  1837.  E.  B.  Rowley.  Certain  improvements  applicable  to  loco- 
motive engines,  tenders,  and  carriages,  to  be  used  upon  railroads,  and  which 
improvements  are  also  applicable  to  other  useful  purposes. 

4M  Jan.  1838.  N.  Worsdell.  Improvements  m  apparatus  to  facilitate  the 
conveyance  of  mail  bags,  and  other  parcels  on  railways  or  roads. 

Apparatus  for  receiving  and  delivering  railway  bags  and  parcels,  along  a 
line  of  railway,  at  places  intermediate  between  the  stations,  without  stoppmp^ 
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the  tnin.  The  hep  to  be  deliTered  are  ratpended  by  their  loop  firom  two 
pint  in  a  bar  prcneeting  from  the  carriage,  from  which  bar  alio  projectB  a 
propg  or  book,  and  the  bag*  to  be  received  £rom  the  pott  home  are  siupended 
from  a  similar  iq[»paratiiii,  attaebed  to  a  lamp  pott  By  patiage  of  the  earriage 
past  the  lamp  poit»  the  book  on  the  latter  pattet  through  the  loop  of  the 
carriage  bags,  and  bean  them  off  the  pint,  and  the  hook  on  the  carriage  in  like 
manner  carriee  off  the  poet  bouse  bags. 

BikFtk  1838.  J,  DeriUe.  Certain  improrements  in  railroads,  and  in  the 
carriages  to  be  nsed  tbereoD. 

IOm  Marekf  1838.  T.  Evans.  Improved  rail  for  railway  purposes,  together 
with  the  mode  of  manqfactnring  and  mstening  down  the  same. 

IBUkJunef  1838.  J.  White.  Certain  improvements  in  the  construction  of 
railroads,  bridges,  and  viaducts. 

lOik  Jug.  1838.  £.  de  Beuvt.  *  Certain  improvements  in  the  construction  of 
railroads  and  tramroads,  to  facilitate  the  ascent  and  descent  of  bills  and  inclined 
planes. 

\bth  Aug.  1838.  C.  Fox.  Improved  arrangement  of  rails  for  the  purpose  of 
causing  a  railroad  engine,  carriage,  or  train,  to  pass  Arom  one  rail  to  anotner. 

2Sth  Aug.  1838.  J.  C.  Uadden.  Certain  improvements  in  the  construction 
of  carriages  to  be  used  on  railways,  and  in  the  method  of  forming  the  same 
into  trains. 

Sltt'Aug.  1838.  J.  Curtis.  Certain  improved  machinery  and  apparatus,  for 
facilitation  of  traveling,  and  transport  on  railways,  parts  of  which  are  aj^licable 
to  other  purposes. — Described  at  page  428. 

13th  Sept  1838.  T.  Wilkinson.  Certain  improvements  in  the  construction 
of  tram  or  railways,  and  in  the  carriage  to  be  used  thereon. 

3d  Nov,  163S,  J.  Deville.  Improvements  in  railroads,  and  in  carriages 
thereon.. 

I7th  Dee.  1838.  J.  Hawkshaw.  Certain  improvements  in  mechanism,  or 
apparatus  applicable  to  railways,  and  also  to  carriages  to  be  used  thereon. — 
Described  at  page  525. 

22d  May,  1839.  T.  Harper.  Certain  improvements  in  railways  or  tram- 
roads. 

17^  Aug.  1839.  G.  A.  Kollman.  Improvements  in  railways,  and  in  loco- 
motive and  other  carriages.     Described  at  page  468 

2lst  Nov.  ]  839.  J.  Faram.  Certain  improvements  m  the  mode  of  constructing, 
applying,  and  using  railway  switches,  for  connecting  different  lines  of  railway, 
or  two  distant  railways,  and  for  paraing  locomotive  steam  and  other  engines, 
and  railway  carriages  and  waggons,  from  the  one  to  the  other  of  such  railways, 
and  for  certain  apparatus  connected  therewith. 

4ih  Dec.  1839.  C.  Nickels.  Improvements  in  propelling  carriages. 

4lh  Dec.  1839.  J.  Nasmyth.  Certain  improvements  applicable  to  railway 
carriages. 

Employing  the  momentum  of  the  train  to  bring  the  train  to  rest  by  connecting 
the  spmdles,  or  stems  of  the  buffers,  to  the  brake  levers,  which  are  brought  down 
by  the  buffers  being  forced  in. 

3d  March,  1840.  J.  Kangeley.  Improvements  in  the  construction  of  railways, 
and  in  the  means  of  applying  power  to  propel  carriages,  and  machinery. 

I2th  Mag,  1840.  H.  Dircks.  Certain  improvements  in  the  construction  of 
locomotive  steam  engines,  and  in  wheels  to  be  used  on  rail  and  other  ways, 
parts  of  which  improvements  are  applicable  to  steam  engines  generally. 

1    Consumption  of  smoke  in  locomotives  where  coal  is  used  for  fuel. 

2.  Forming  wheels  of  iron  with  a  channel  in  the  periphery,  filled  up  with 
bk)cks  of  wood  placed  with  the  grain  standing  radially. — See  further  page  473. 

28th  May,  1840.  D.  Gooch.  Certain  improvements  in  wheels  and  loco* 
motive  engines  to  be  used  on  railways. 

2Sth  May,  IS^O.  W.H.Smith.  Improvement  or  improvements  in  the 
mode  of  resisting  shocks  to  railway  carriages  and  trains,  and  also  in  the  mode 
of  connecting  and  disconnecting  railway  carriages ;  also  in  the  application  of 
springs  to  carriages. 
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SOIh  May,  1840.  W.  Pattil.  For  a  oommunicaling  appBratus,  to  be  applied 
to  railtoad  cnrriBgn. 

OrtJuM,  1810.  J.G.  Sliutlleworth,  Cerlain  improvemenl*  in  railoajand 
other  propuliion.  A  mode  of  propelling  by  hydraiilii:  pressure. 

7th  Aug.  1840.  A.  Smilh.  Certain  improve menti  in  carriages,  raili,  aod 
chairs'for  raitvaj^a. 

The  tirnoftbe  whseU  are  formed  wiib  arectangndar  groove  on  tlieperipbery, 
inilead  of  a  flange  on  the  (ids.  Tbe  rails  are  square  bars  of  iron,  let  into  nooTea 
cut  in  wooden  sleepers,  wltb  one  of  tbe  anglei  upwsrda,  and  the  chairs  clip  the 
aides  of  the  rails  in  a  dove-tail  fonn. 

Xfitk  Sept.  1840.  Henry  Houldsworth.  Improfemenls  in  carriagea,  and  for 
tbe  conveyance  of  passengers  on  railwaye,  ana  an  improved  seal  applicable  to 
such  carriages  and  other  purpoaca. 

Application  of  wire  gauEe  to  cartiagei,  to  exclude  dnat,  &e,  and  to  break  the 
violence  of  the  current  of  air  in  rapid  travelling,  without  tnalerially  obstructing 
the  view  of  eitemal  objects,  alsoseau  which  fold  up  of  [bemBelvc8,wheii   not 

ine.     For  a  plan  by  means  of  which  carriages  may  be 
:  pressure,  only  without  the   asaistance  of  any  other 

power,  being  an  improvement  on  the  atmoapheric  railways  now  in  use. 

\5l)i  Oct.  1840.  R.  Pcltit,     Improvement*  in  railroads,  and  in  the  csniofe 

and  wheeb  used  thereon. 

1.  Forming  the  wheels  without  flanges,  and  retaining  them  on  the  rails  by 
meana  of  horizontal  wheels  pressing  against  the  inner  side  of  the  bearing  rail, 
or  ogaiost  a  centre  rail. 

2.  An  improved  brake  to  be  worked  by  band. 

3.  A  self-acting  apparatus  to  be  attached  to  railway  engines,  which  shall  cut 
oITtlie  steam,  sound  the  alarm,  and  bring  down  the  brake. 

2d  Nob.  1340.  E.  Galloway.     Improvements  in  propelling  railroad  carriages. 

2d  Nov.  1840.  J.  Boydell.    Improvements   in  working  railways  and  otner 

carriages,  in  order  to  stop  them,  and  also  to  prevent  ihem  ninoing  off  the  lines 

A  brake  lined  wiib  wood  clips  tbe  rail,  lo  atop  the  carriages,  and  bar* 
citeiided  below  ihe  carriagea  from  opposite  corncTii  to  retain  the  carriages  on 

\2th  Nov.  1840.  E.  Birch.  Improvementa  applicable  to  railroads,  and  to 
the  eugino  and  carriages  to  be  wonted  thereon. 

Self-acdng  brake,  whistle,  and  signal  apparatusi. 

2ilh  Nob.  1S40.  F.  Pope.  Improvements  in  detaching  locomotive  and 
other  carriagea. 

The  shafts  in  common  carriages,  and  the  drag  link  in  tocomotivei,  are 
connected  to  a  tongue  held  down  by  a  spring  catch,  to  which  a  lever  ia  affixed : 
on  pulling  the  lever,  Ihe  catch  is  diaengaged,  the  longue  flies  over,  and  the 
borse  or  locDniolivc  ia  released. 

2ilh  Nov.  1S40.  J.  Haugblon.  Improvementa  in  tbe  means  employed  ia 
preventing  railway  accidents,  resulting  mjm  one  train  overtaking  another. 

A  mode  of  employing  a  time-keeper,  suitably  acted  upon  by  each  poaiing 
train,  to  show  the  time  which  has  expired  between  tbe  passing  of  one  train  and 
tlie  coming  up  of  another,  and  also  tu  register  tbe  time  of  each  train  passing. 

IGlh  Dec.  1810.  J.  Beathie.  Certain  improvements  in  locomotive  engmet, 
and  in  chain  and  wheels  for  use  upon  railways,  and  certain  machinery  for  uw  in 
the  Gonstnic6on  of  parts  of  such  inventions. 

Apparatus  for  increasing  the  adhesion  ;  improved  buffing  apparatus ;  brake 
with  whistle  attached,  and  coupling  chain ;  improved  railway  cbair  ;  elastic 
wheels  for  railway  carriages. 

I'Slh  Dec.  ISii).  A.  A.  Lindo.  Improvements  to  be  applied  to  railways  and 
carriage!,  thereon,  to  prevent  accidents,  and  to  lessen  the  injurious  eflects  of 
ociidents  to  passengers,  goods,  and  railway  trains. 

A  seU-acLiig  whistle' and  governor;  an  apparatus  for  clearing  the  rails  of 
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pfermt  eairiagw  numiiig  off  the  nuls,  and  to  tapport  them  in  the  erent  of  a 
wlieel  breaking ;  an  improred  buffer,  and  an  improved  mode  of  transmitting 
flignak. 

I8ik  Dee,  1840.  E.  R.  Handcock.  •  Certain  improvements  in  mechanism 
apfdicable  to  tarn-tablet  for  changing  the  petition  oi  caniaget  upon  railroads, 
lor  fbmitiire,  and,  other  purposes. 

The  tmn-table  it  sopporttd  on  a  vertical  spindle,  roond  the  upper  and  lower 
end  of  whidi  are  placed  two  loose  ooUars,  or  anthfriction  rollers,  to  diminish 
the  lateral  thmst  of  the  soeket,  which  is  attached  to  the  under  nde  c^  the  table. 
— See  ftvther  page  433. 

23dL  Dee.  1840,  O.  ThorAton.  Certain  improvements  applicable  to  railways, 
loeoBotive  engines,  and  carriages. 

These  improvements  are :  a  medium  gaim  of  about  6  feet;  a  self-acting  steam 
governor  and  water  governor;  preparatory  neating  of  water  in  a  case  surround- 
mg  the  smoke  box;  turning  the  waste  steam  into  the cbimnev;  deaning  out  the 
fire  tubes  by  a  jet  of  steam  and  hot  water ;  a  self-acting  brake  for  the  wheels  of 
the  engine,  and  brakes  to  the  carriagea,  which  are  raised  by  a  dn^  rope  from 
die  eneine,  and  descend  upon  the  rope  becoming  slack. 

7lA2fay,*1840.  H..M.  Urover.  •  Improved  meUiod  of  retarding  andstoppbg 
railway  carriages,  and  tndns. 

2itkSq9t,  1840.  Henzy  Pinkus.  Improvements  ia  the  methods  of  applying 
motive  power  to' the  impelling  of  machmery,  applicable  amongst  other  things 
to  impelling  carriages  on  railways,  on  common  roads  or  ways,  and  tlurongh 
fields^  and  vesseb  afloat,  and  in  the  method  of  constructing  the  roads  or  ways 
on  which  carriages  mav  be  impelled  or  propelled. 

IVopelling  by  exploding  gas,  by  electridty,  and  by  what  the  patentee  terms 
the  gaso-pneumatic  power. 

6m /m.  1841.  Henzy  Bessemer. '  New  mode  of  checking  the  speed  of,  or 
stooping,  railway  carriages  under  certain  circumstances. 

A  se&acting  brake,  which  is  brought  into  immediate  action  upon  any  dimi- 
nution of  the  rmilated  distance  between  the  locomotive  engine  and'  the  train 
of  carriages,  by  ue  operation  of  compressed  air. 

14t^  Jan,  1841.  W.  Hancock.  Certain  improved  means  of  preventing 
accidents  on  railways. 

Brakes  set  in  action  by  the  pressuro  of  steam  in  the  boiler,  self-acting 
switches,  and  a  mode  o  signaliang  accidents,  and  the  exact  time  of  their 
occurrence. 

I9th  JtuL  1841.  R.  B.  Curtis.  Method  or  methods  of  making  signals  by 
sdf-acting  apparatus,  to  be  used  on  railways,  for  the  purpose  of  obviating 
collisions  between  successive  trains. 

A  jpointer  upon  a  signal  post  is  raised,  and  maintained  at  a  certain  height  by 
a  tram  of  wheels,  actuated  by  a  weight,  which' is  wound  up  once  in  24  hours. 
The  engine  in  passing  detaches  the  pointer  from  the  wneel  work,  and  the 
pointer  descends  to  the  lowest  point,  but  when  the  train  is  past,  the  wheel  work 
again  dowly  elevates  the  pointer,  and  by  the  position  of  tne  pointer,  the  driver 
of  the  succeeding  train  can  judge  how  far  the  preceding  train  is  ahead  of  him. 
28ihJan,  1841.  W.  Gall.  Certain  improvements  in  the  coostruction  of 
locomotive  engines,  and  of*  the  carriages  used  on  railways,  appljpable  in  part  to 
carriages  used  on  common  roads. 

28m  Jan,  1841.  W.  C.  Harrison.  Improved-  turning  table  for  railway 
purposes. 

An  arrangement  of  anti-friction  rollers  round,  the  central  post  which  supports 
the  table. 

ItiFeb.  1811.  W.W.Taylor.  Improvements  in  buffing  apparatus  for  rail- 
way purposes. 

Applymg  a  series  of  layers  of  felt  to  the  ordinary  buffer  head,  or  to  a 
board  extending  across  the  whole  breadth  of  the  end  of  the  carriage  frame,  and 
covering  the  felt  with  leather  or  other  water-proof  material. 

3d  Feb,  1841.  J.  Bunnett.  Certain  improvements  in  locomotive  engines  and 
carriages. 
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An  improYed  steam  regulator,  five  different  sorts  of  brakes,  and  an  axle- 
guard,  which  allows  a  compensating  movement  when  the  wheels  are  travening 
curves. 

8th  Feb.  1841.  £.  Oldham.  Certain  improvements  in  the  construction  of 
turning  tables,  to  be  used  on  railways. 

The  table  or  platform  is  supported  on  a  pivot  at  its  centre,  and  assisted  by 
stationary  anti-nriction  rollers  at  the  circumference. 

6th  Feb.  1841.  J.  Scott  Improvements  in  constructing  rail  ways,and  in  pro- 
pelling carriages  thereon,  which  improvements  are  ap^cable  to  raising  and 
lowering  weights. 

A  series  of  cog  wheels  placed  at  short  intervals  along  the  centre  of  the 
railway,  and  driven  by  stationary  engines,  give  motion  to  the  carriages  by  means 
of  a  rack  attached  to  the  under  side  of  the  carriages.       / 

\bth  Feb.  1841.  J.  Ransom  and  C.May.  Improvements  in  the  manufacture 
of  railway  chains,  railway  or  other  pins  or  bolts,  and  in  wood  fastenings  and 
handrails. 

Castine  railway  cbairs  by  means  of  metal  side  plates  and  metal  cores  in 
sand  moiuds.  Forming  wooden  pins  and  wedges,  by  forcinfi;  them  into  metal 
moulds,  and  heating  them  whilst  under  compression,  till  the  eksticity  of  the 
wood  is  sufficiently  overcome.     See  furth<:r  at  page  421. 

22d  March,  1841.  Thomas  Wright.  Certain  improvements  applicable  to  rail 
way  and  other  carriages. 

Improvements  in  brakes,  axle-trees  and  boxes,  carriage  springs,  safety  flanges 
on  the  outer  edge  of  the  ordinary  flange  on  railway  wheels,  hollow  steel  spokes, 
and  an  elastic  plate  to  serve  as  a  brake,  a  sledge  and  a  buffer. 

17 th  April,  1841.  P.  Kendall.  Improved  method  or  methods  of  connecting 
and  disconnecting  locomotive  engines  and  railway  carriages. 

The  connecting  link  from  the  tender  is  received  between  two  elastic  metal 
plates,  and  a  stud  projecting  from  each  side  of  the  link,  passes  through  holes  in 
the  ends  of  the  plates,  and  so  long  as  the  pull  is  in  a  direct  line,  the  link  is 
firmly  retamed  by  the  plates,  but  if  the  strain  should  become  oblique  to  the 
elastic  plates,  the  link  is  released. 

Wth  May,  1841.  E.Taylor.  Certain  improvements  in  the  construction  of 
carriages  used  on  railroads. 

Constructing  the  roofs  and  pannels  of  railway  carriages  of  papier  m&che  ; 
affixing  to  one  wheel  a  solid  axle,  which  revolves  In  a  hoUow  axle  affixed  to  the 
opposite  wheel,  and  forming  wheels  with  segments  of  wood  or  of  papier  m&che 
within  the  tire. 

20th  May,  1841.  John  Carr.  Improvements  in  apparatus  for  retarding  and 
stopping  railway  carriages. 

Brakes  moved  by  a  screw  acting  upon  an  arrangement  of  levers. 

22d  May,  1841.  Joseph  Woods.  Certain  improvements  in  locomotive  engines; 
and  also  for  certain  improvements  in  the  machinery  for  the  production  of  rota- 
tory motion  for  obtaining  mechanical  power,  which  improvements  in  machinery 
are  abo  applicable  for  raising  or  impeOing  fluids. 

Employing  loose  wheels  on  locomotives,  in  order  to  traverse  curves  more 
easily;  improved  lubricator ;  improved  reversing  gear;  connecting  a  whistle 
to  the  blast  pipe  to  give  a  constant  intermittent  whistle  in  a  fog ;  improved  swivel 
joints  to  the  water  pipe  of  the  tender,  and  a  rotatory  disc  engine. 

6th  June,  1841.  J.  Gibbs.  Improvements  in  roads  and  in  railways,  and  in  the 
means  of  propelHug  carriages  thereon. 

A  mode  of  propelling  railway  carriages  by  fixed  engines. 

23d  June,  1841.  R.  Stephenson.  Certain  improvements  in  the  arrangement 
and  combination  of  the  parts  of  steam  engines,  of  the  sort  commonly  called 
locomotive  engines. 

1.  Lengthening  the  cylindrical  portion  of  the  boiler,  so  as  to  admit  the 
three  axles  of  six-wheeled  engines  to  be  placed  beneath  the  cylindrical  part  of 
the  boiler,  and  between  the  front  of  the  nre-box  and  the  back  of  the  smoke- 
box. 

2.  Improvements  in  the  slide  valve  and  reversing  the  gear;  and 


LIST  OF  RAILWAY  PATENTS.  545 

8.  Worting  the  feed  pmnpt  by  meant  of  the  eccentrics  which  are  em- 
ployed to  eanae  the  engine  to  mn  backwards  along  the  rails. 

2Bik  /dk  1841.  A.  B.  Yon  Rathen.  New  method  or  methods,  called  by  the 
inventor  "The  united  stationary  and  locomotiye system,"  of  propelling locomo- 
thre  eaniaffss  on  railways  and  common  roads,  and  yessels  on  riyers  and  canals, 
by  the  ap^ication  of  a  power  produced  or  obtained  by  means  of  machinerj 
and  apparatna  unconnected  witn  the  carriages  and  Yessels  to  be  propelled. 

M  D€e*  1841.  J.  Edwaidik  Improrements  in  giving  signal  on  railways. 

1.  The  usmg  of  a  series  of  lamps  for  nicht  sisnals,  and  by  the  different 
oombinationsof  the  lamps  when  exposed,  or  wnen  dosed,  to  communicate  from 
a  train  of  carriages  to  a  station,  or  from  a  station  to  a  train,  or  from  one  train 
to  another. 

2.  The  giving  s^nals  by  day,  by  combining  the  use  of  a  series  of  thin  plates, 
presenting  some  edgeways  and  others  flatways,  and  in  combining  in  various  ways. 

181ft  ZkCi  1841.  C.  £.  Austin.  Apparatus  for  what  is  commonly  called  chang- 
ing the  line  of  raQwim. 

I6ik  Dee.  1841.  W.Prowett  Improvements  in  giving  signals  on  railways. 

A  mode  of  communicating  by  rignals  to  a  passing  train,  of  the  time  since 
the  previous  train  passed ;  the  apparatus  by  which  thb  inifbrmation  is  ^ven 
being  set  in  motion  by  each  successive  train  as  it  panes  by  it,  thus  avoiding 
the  probability  of  one  train  running  into  the  preceding  one,  at  night,  or  in 
foggy  weather. 

21j<  Dee.  1841.  T.  Wright  and  A.  Bain.  Improvements  in  applying  electricity 
to  control  railway  engines  and  carriages^  to  mark  time,  to  give  signals,  and 
print  intelligence,  at  £stant  places. 

15M  Feb.  1842.  T.  R.  Crampton  and  J.  C.  Hadden.  Improvtments  in  engines 
and  railway  carriages. 

6ih  Apniy  1842.  J.  G.S.  Clarke.  Improvements  in  supplying  and  regulating 
air  to  the  finrnaces  of  locomotive  engines. 

23i{  Ma^i  1842.  John  Bishop.  Improved  construction  of  brake  apparatut, 
spplicaUe  to  railway  carriages. 

2\9t  Jyne^  1842.  John  Dickinson.  Improvements  in  rotatory  engines  and 
boflers  in  stopping  railway  carriages,  and  in  machinery  for  propelling  vessels, 
part  of  which  improvements  are  applicable  to  propelling  air  and  gases. 

16M/t^y,  1842.  R.  Benton.  Certain  improvements  in  propelling,  retarding, 
and  stopping  carriages  on  railroads. 

Zd  Aug,  1842.  John  Lee.  improvements  in  wheels  and  axletrees,  to  be  used 
on  railways  and  in  machinery,  for  stopping  on,  or  preventing  such  carriages 
from  running  off  railways,  which  improvements  may  also  be  applied  to  other 
carriages  and  machinery. 

Z\ti  Aug,  1842.  C.  F.  Giutard.  Certain  improvements  in  the  construction  of 
railways. 

X^ihSepi,  1842.  W.  H.James.  Certain  improvements  in  railways,  and  in 
carriage  ways,  railway  and  other  carriages,  and  in  the  mode  of  propelling  the 
said  carriages,  parts  of  which  improvements  are  applicable  to  the  reduction  of 
friction  in  other  machines. 

25M  Nw,  1842.  P.T.Ralli.  Improvements  in  the  construction  of  railway 
and  other  carriages,  and  in  apparatus  connected  therewith. 

Zd  Dee.  1842.  C.  H.  Wild.  Improved  switch  for  railway  purposes.  Causing 
the  moveable  rails  to  move  through  certain  different  degrees  of  space  (although 
actuated  by  one  lever),  so  as  to  be  perfectly  in  gauge,  when  opened  for  diverging 
lines,  and  quite  safe. 

22d  Dec.  1842.  James  Morris.  Improvements  in  locomotive  and  other  steam 
engines.        • 

Expansive  slide  valve. 

29th  Dee.  1842.  Baron  V.  de  Wydriff.  Improvements  in  the  construction  of 
railways,  and  in  wheels  to  run  on  railways,  and  in  apparatus  for  clearing  raib. 

IIM  Jan,  1843.  C.Bailey.  Certain  improved  constructions  of  rails  for  tram- 
ways  and  railways. 

26th  Jan,  1843.  F.  M.  Getrick  and  M.  B. Tennant.  Improvement  in  appara- 
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till  for  preventing  the  engines  and  carriages  from  going  off  the  line  of  railways, 
and  for  removing  obstructions  on  railways. 

2Ut  Feb,  1843.  L.  H.  Potts.  Improved  method  or  methods  of  conveying 
goods,  passengers,  or  intelligence. 

7th  Aftrilf  1843.  R.  and  W.  Hawthorne.  Certain  improvements  in  locomotive 
engines,  part  of  which  are  applicable  to  other  steam  engines. 

Improved  apparatus,  denominated  ''an  auxiliary  expansion  slide  frame,"  for 
working  locomotive  engines  expansively 

20th  AprUf  1843.  J.  G.  Bodmer.  Certain  improvements  in  locomotive  engines 
and  carriages,  to  be  used  upon  railways,  in  marine  engines  and  vessels,  and  in 
the  apparatus  for  propelling  the  same,  and  also  in  stationary  engines,  and  in 
apparatus  connected  therewith,  for  pumping  water,  raising  bodies,  and  for 
blowing  or  exhausting  air. 

22d  June,  1843.  L.  la  Paige.  Certain  improved  method  or  metliods  for 
preventing  accidents  on  railways. 

22d  June,  1843.  Samuel  Ellis.  Improvements  in  weighing  machines,  and  in 
turn-tables  to  be  used  on,  or  in  connexion  with,  railways,  and  in  weighing 
machines,  to  be  used  in  other  situations. 

17 th  Aug.  1843.  F.  Lipscombe.  For  an  hydrostatic  engine,  parts  whereof  are 
applicable  as  improvements  to  other  engines,  and  other  purposes,  and  also 
improvements  in  railway  carriages. — Described  at  page  472. 

Sth  Feb,  1844.  W.  Newton.  Improvements  in  propelling  on  railways. — 
Described  at  page  507 

24th  Feb,  1844.  John  Aitken.     Improvements  in  atmospheric  railways. 

Producing  a  vacuum  in  the  traction  pipe,  by  filling  it  witn  water,  and  carrying 
off  such  water  by  eduction  pipes  descending  about  35  feet  below  the  traction 
pipes,  with  their  ends  immersed  in  water  also ;  in  rendering  the  longitudinal 
valve  of  the  traction  pipe  air  tight,  by  keeping  it  covered  with  water. 

6th  March,  1844.  W.  H.  Barlow.  Improvements  in  the  construction  of  keys, 
wedees,  and  fastenings  for  engineering  purnoses. 

The  keys  are  of  metal  and  are  made  nollow,  as  affording  elasticity,  lightness, 
and  strength. 

19M  March,  1844.  H.  Inglis.  Improvements  upon  locomotive  steam  engines, 
whereby  a  saving  of  fuel  will  be  effected,  which  improvements  are  applicable 
to  steam  vessels,  and  other  purposes,  and  to  the  increasing  the  adhesion  of  the 
wheels  of  railway  engines,  carriages,  and  tenders  upon  the  lines  of  railways. 

30M  April,  1844.  J.  Samuda,  and  J.  A.  Samuda.  Certain  improvements  in 
the  manufacturing,  and  arrangement  of  parts  and  apparatus,  for  the  construction 
and  working  of  atmospheric  railways. 

30tA  AprU,  1844.  John  Melville.  Improvements  in  the  construction  and 
modes  of  working  railways. 

nth  May,  1844.  J.  Pilbrow.  Certain  improvements  in  the  macbiner}'  for,  or  a 
new  method  of  propelling  carriages  on  railways  and  common  roads,  and  vessels 
on  rivers  and  canals. — Described  at  page  503. 

29th  Aug.  1844.  W.  Newton,  Improvements  in  the  means  of  preventing 
shocks,  or  accidents,  on  railways,  or  in  lessening  the  dangerous  effects  arising 
therefrom. 

22d  Oct,  1844.  J.  Nasmyth  and  C.  May.  Improvements  in  working  atmos- 
pheric railways,  and  in  machinery  for  constructing  the  apparatus  employed 
therein. 

9th  Nov.  1844.  W.  Prosser.  Improvements  in  the  construction  of  roads,  and 
in  carriages  to  run  thereon. — ^Described  at  page  469. 

The  atmospheric  main  is  connected  with  two  cylindrical  vessels,  placed 
vertically,  ana  which  communicate  alternately,  with  a  steam  boiler,  and  with  a 
condenser,  in  which  a  jet  of  water  is  maintained  ;  whereby  a  vacuum  is 
produced  in  each  cylinder  in  succession,  (as  in  Savery's  steam  engine,)  and  the 
air  rushing  from  the  atmospheric  main  into  the  cylinders ;  becomes  rarefied 
until  the  vacuum  in  the  main  is  equal  to  that  in  the  cylinders. 

Another  improvement  consists  in  forcing  down  the  brakes  by  pneumatic 
pressure. 
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14U  Nmh  18Mi  J.  FarvdL  Certain  imiitofwneiiti  in  mMitdnm^  whereby 
cmlagm  vm  be  Impdied  on  nflways,  and  tnmmju,  hj  meana  of  atatiooaiy 
ei^i^Bei  or  om«  powtTy  inciodii^  certain  i^ipanftnaoonneGtad  wi 
tp  lun  an  w—ip— Deecribad  at  page  516. 

1814  Ihe.  iai4.  W.  Fkonar.  and  J.  Bapliite.  Improvemants  in  waridng 

im  Xw.  1S45.  &•  A.  Dabarn.  Immvements  in  atmoapharia  raflwam. 

leu  Jmt.  1S45,  H.  Laaey  and  O.  W.  Bnek.  Naw  method  ht  mannfmilma 
o(  and  method  te  amtaintnft  the  raila  of  raflwayik 

AnpBcatien  of  wnoAt  iron  to  lostain  the  raib  of  railwayi,  m  lica  of  th» 
wooden  ilaepefi,  or  of  uia  afeooe  bloeka  at  preaent  ampkyod. 

lOik  litk  1S49.  B.  B-Loogiidge.  Improved  loeomotiTe  engine. 

lak  iU.  IS45.  F.  H.  Mmrtr.  Certain  improvement!  in  maehinaiT,  or  the 
appaiatiM  ftr  atopoingor  ittarmng  railway  or  otiier  eaniages,  applinbla  abo 
iar  thcae  pnipoeee  in  nprd  to  otlier  enginea  or  wheela. 

ISIA  MmA,  184A.  fbomaa  Dnnn.  Certain  improvi 


miprovementa  in,  or  applicable 
to^  tnni4ablei,  to  ba  vied  on  or  in  connexion  with  railwayik 

7th  Jpril,  1845.  £.  Boiy.  Certain  improrementa  in  loeomotiTe  engineer 
eaniagea,  or  waggooa  xnnning  upon  railwayi,  or  common  loadi^  for  the  preTen- 
tion  ofaocidenti. 

lOtk  Jpril,  1 845.  E.  Galloway.  ImproTementi  in  propelling  railway  carriagea. 

Modification  of  Saxton'a  dmerential  polliea,  with  a  view  iQjirovent  the 
chafing  of  the  rope— employment  of  win  rope,  and  an  improved  mode  of 
attachmg  the  drag  carriage. 

14<4  2f>ril,  1845  J.  C.  Hadden.  Improvement  in  preparing  afeepen^  chain, 
and  tpikee,  and  conitmcting  wbeeli  for  railwm. 

lOik  May,  1845.  W.  Prcaser  and  J.  Brett  xn^ncovementa  in  rmilwaya,  and  in 
propeUing  railway  carriagee. 

lOtk  Mmft  1845.  J.  M.  Chapman.  Improvementi  in  the  manufocton  of  raib 
and  other  parta  of  railways. 

nth  May,  1845.  A.  Mac  DoogalL  Improvements  in  the  method  of  working 
atmoepheric  railways. 

5M  Jfme^  1845.  Falmer.  Improvements  in  working  atmospheric  railways,  and 
in  lubricating  railway  and  other  machinezy. 

2Zd  Jimt^  1845.  Thomas  Clarke,  and  John  Varley.  Improvement  on  the 
atmospheric  system  of  propulsion,  which  is  also  applicable  to  other  motive 
purposes. 

23dJtmet  1845.  R.  Griffiths,  H.  G.  Bovill,  and  G.  Hennet.  Improvementa 
in  the  constroction  of  parts  of  apparatus  used  for  propelling  carriages  and 
vessels  by  the  atmosphere ;  and  improvements  in  pnipelling  carriagea  and 
vessels  by  atmosphene  pressure. 

25th  Jtmef  1845.  J  Zambaux.  improvements  in  atmoepheric  railways. 

25th  June,  1845.  W.  S.  Ward.  Improvements  in  exhansting  air  from  tubes 
or  vessels,  for  the  purpose  of  working  atmospheric  railways. 

3</  /v/y,  1845.  John  Hopkins.  CCTtain  improvements  on  rails,  and  trains  for 
railroads,  and  tramways. 

3d  July^  1845.  F.  WiQker  and  G.  Mills.  Certain  improvements  in 
springs  and  elastic  power,  as  applicable  to  railway  carriages  and  other 
vehicles,  and  to  other  articles  and  purposes  in  which  springs,  or  elastic  power, 
are  now  used. 

Employment  of  ^  air  confined  in  bags  to  serve  as  springs  to  carriages,  and 
employing  ammoniacal  gas  as  a  motive  power. 

3d  July,  1845.  W.  Newton.  Certain  improvements  in  railways,  and  in  the 
means  of  propelling  carriages. — I)escribed  at  page  507. 

8M  Jukf,  1845.  Jacob  Brett.  Improvements  in  propelling  carriages  on 
railways  and  other  roads  and  ways. 

A  hollow  flat  rail  placed  edgeways,  extends  the  whole  length  of  the  line 
between  the  rails  for  the  carriage  wheels,  and  communicates  by  branch  pipeaat 
suitable  distances  with  the  pneumatic  main,  in  which  the  air  is  highly  com*- 
pressed  by  means  of  air  pumps,  worked  by  stationary  engines.    The  flat  rail  ia 
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enveloped  in  -an  ait-tight  bag,  and  tlie  cotDpretied  ait  is  ihc  rail  distending  the 
bag,  cauiei  it  to  preai  upon  tvo  rollen  attached  to  tlie  leading  carriage,  and 
thus  impels  the  train. — See  Keene  and  Nickel'i  invention,  page  506. 

A  second  impravement  consists  of  a  eiupcnaion  tailway  worked  by  the  oune 

12(A  July,  IB4o.  J.  S.  Templeton.  Impelling  cnniaget  on  roilinifi.  A 
modification  of  one  of  Mr.  Ptnkus'a  plans,  in  whicli  locomotiTe  enginea  are 
norked  by  communicalion  with  a  pneomatic  main,  in  which  the  air  ii  either 
rarefied  ot  highly  compressed  by  means  of  air  pumps  worked  by  aiationaiy 
engines. 

12tA  Jfdg,  ISIS.  J.  Malcomaan.  Improvemenis  in  apparatus  used  for  pmpel- 
ling  carriages  on  roods,  and  vessels  on  inland  waters,  when  employing  almo- 
■pberic  pressure. 

A  close  tuhe  is  laid  along  a  line  of  railway,  and  a  vacuum  is  mmntained  in 
it  throughout  its  entire  length,  by  the  simultaneous  action  of  all  the  stationatr 
engines  lixcd  along  llie  line  :  the  close  tube  communicates  with  the  several  sec- 
tions of  the  valved  atmospheric  main,  hy  means  of  branch  pipes,  furnished  witb 
valves,  by  opening  which  in  succession  a  vacuum  is  created  in  advance  of  the 
{Hsion,  as  it  enters  the  difietent  sections  of  the  main. 

2\>t  Jidt/,  lS4o.  J.  BretLimp  ovemenls  in  atmospheric  propulsion,  and  in 
the  mamifacture  of  tubes  for  atmospheric  railways  and  other  purposes, 

A  series  of  hollow  pistons,  communicating  with  a  pneumatic  main,  are  placed 
midway  between  the  rails  at  slated  distances  throughout  the  line,  and  attached 
to  the  train  is  a  tube  (named  the  locomotive  tube),  having  on  the  under  side 
B  slit  running  the  whole  length  of  the  tube,  and  at  each  end  of  the  tube  is  a 
hinged  valve.  In  the  passage  of  the  train,  the  tube  receives  within  it  the  fixed 
pistons  in  succession,  and  the  compressed  air  rushing  through  the  pistoai  and 
unpinning  on  the  hanging  valve  at  the  end  of  the  tube  imp^i  the  train. 

29A  July,  1S45.  G.  Beadon.  Imnrovemenb  in  propelling  vessels  and  Und 
carriages  in  raising  and  drawing  off  wai«r  far  driving  machinery,  which  niMna 
of  raising  and  drawing  olT  water  are  applicable  to  other  useful  purposes. 

Improvements  in  screw  propellors,  and  applying  a  combinHtion  of  oblique 
end  direct  propulsion  la  csrriaget,  also  a  new  .pump  und  a  mode  of  increasing 
the  adhesion  of  bands  to  driving  wheels. 

301A  J)dy,  1846.  E.  Coleman.  Improvements  applicable  to  the  moving  of 
locomotive  engines  on  inclined  planes  of  railway. 

Ascending  inclines  by  means  of  an  arcblmedean  screw,  attached  lo  the  loco- 
motive, and  working  into  a  line  of  rollers,  laid  down  midiiay  between  the  ruls. 
The  screw  is  driven  by  bevelled  geer,  fixed  on  the  ahalt  of  the  driving  wheels, 
and  on  the  axis  of  the  srrew. 

Slit  July,  \Mi.  J.  Quick  and  H.  Austin.  Improvements  in  tlie  construction 
and  working  of  atmospheric  railways. 

1.  Forming  the  tubeg  composing  the  atmospheric  main  of  two  or  mone 
longitudinal  pieces,  connected  together  hy  elastic  joints,  »o  as  to  allow  the  pipe 
to  expand  for  the  passage  of  the  piston  arm,  and  to  close  afterwards  by  the 
pressure  of  the  atmosphere. 

2.  Working  lines  with  numerous  intermediate  stations  (a*  the  Blackwall 
railway)  by  means  of  a  close  lube  in  which  a  vacuum  is  constantly  maintained 
by  the  engines,  aud  which  communicates  with  the  atmospheric  mains  by  branch 
pipes  titled  with  valves. 

3.  An  arrangement  for  making  a  smaller  number  of  liied  engines  sufSce. 

4.  An  expanding  piston  to  suit  enlargements  of  main,  nhetc  greater  power 
is  required. 

7(A  Aug.  1S45.  H.  Smith.  Improvements  in  the  manufacture  of  wheels  for 
railways,  and  in  springs  for  railways  and  other  carriages,  and  in  axle-guards  for 
railway  carriages. 

The  principle  of  these  improvements  conusts  in  a  method  of  welding,  form- 
ing, and  fisine  the  lyres  of  wheels;  nnd  of  making  naves  of  wrought  iron  ;  of 
bending  the  plates  of  B[)rings  to  the  required  shape,  aud  in  sawing  the  axle- 
guards  out  of  plates  of  iron,  brought  to  a  ted  heat. 
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ftkAug.  1845.  Enuumel  Henry.  ImproYements  in  atmotpberic  railwajrt. 

The  slit  in  the  atmoipheric  tube  is  formed  in  the  ride  of  the  tube,  and  the 
longitudinal  Talve  b  doted  by  the  pressure  of  a  long  bae  or  hose,  inflated  with 
air  and  protected  by  a  shield  of  wrought  iron  bolted  to  die  tube. 

The  Tacnum  in  the  tube  is  produoed  by  first  filling  with  water  large  dose 
leserroirsy  connected  with  the  tube  by  pipes  and  valves,  and  the  opening  the 
communication  between  the  two,  and  allowing  the  water  to  run  ofil 

^24  OeL  1845.  J.  R.  HilL  Certain  improvements  in  atmospheric  propulsion 
applicable  to  water  as  wdl  as  land  carriages. 

0M  OeL  1845.  M.  Pode.  Improvements  in  rails  for  railways. 

etk  OcL  1845.  T.  R.  Crampton.  Improvements  in  locomotive  engines  and 


lOlA  OeL  1845.  F.  Harlow*  Improvements  in  atmospheric  railways. 

16ik  OeL  1845.    S.  Reed.    Certain  improvements  in  railway  rails  and  chairs. 

23d  OeL  1845.  T.  WonddL  Certain  improvements  in  apparatus  to  be  attached 
to^  and  employed  in  connexion  with,  railway  carriages. 

2id  OeL  1M5.  J.  OrsL  Improvements  in  sleepers  or  blocks  for  supporting 
railwm. — ^Described  at  page  425. 

23d  OeL  1845.  Fuller.  Improvements  in  the  construction  of  railway 
carriages. 

3\ti  OeL  1845.  R.  W.  Brandling.  Improvements  in  railways  and  railway 
carriages,  for  the  security  and  convenience  of  the  public. 

31  j<  Get,  1845.  C.  H.Collins.  Improvements  in  atmospheric  railways. 

31  j<  Oct.  1845.  D.  Crawford.  Improved  means  of,  or  machinery  for,  arrest- 
ing the  mrogress  of  railway  carriages  and  trains. 

3Ui  OeL  1845.  J.  Forsyth.  Certain  improvements  in  signals,  or  in  the 
method  of  giving  rignals,  which  are  applicable  to  the  working  of  railways,  and 
which  are  also  applicable  to  maritime  purposes,  and  for  certain  improve- 
ments in  working  m  railways. 

lltk  Nov,  18^.  B.Donkin.  Improvements  on  wheels,  as  applicaUe  to  rail- 
way carriages,  and  on  the  mechanicd  contrivances  by  which  railway  carriages 
are  made  to  cross  from  one  line  to  another  line,  or  on  to  what  are  generuly 
called  *<  sidings." 

11/A  iVioo.  1845.  O.  H.  DuttOD.  Certain  improvements  in  conveying  intelli- 
gence from  one  part  of  a  railway  train  to  anotner. 

18^  Noe,  1845.  J.  O.  Ward  and  W.  Hillis.  Improvements  in  the  construction 
of  railway,  and  in  machinery  and  apparatus  for  working  carriages. 

\%th  Nov.  1845.    C.  Vaux.   Improvements  in  apparatus  or  machinery  for 
preventing  acddents  to  carriages  and  passengers  on  railways,  part  of  which 
improvements  are  applicable  to  save  lives  and  property  in  other  places. 
*     18M  Nov.  1845.   E.  B.  Wilson.    Improved  apparatus  applicable  to  swivd 
bridges  and  turn-tables. 

ISth  Nov.  1845.  H.  B.  Powell.  For  certain  improvements  in  carriages  to  be 
used  on  rail  and  other  roads. 

20th  Nov.  1845.  Ernest  Edge.  For  certain  improvements  applicable  to  the 
wheels  and  axles  of  engines,  tenders,  carriages,  and  waggons,  to  be  used  upon 
railways. 

4th  Dec,  1845.  Robert  Rettie.  For  an  improved  method  of  rignalizinff  or 
telegraphing  on  sea  or  land,  preventing  collision  at  sea,  and  giving  signals  of 
distress,  by  improved  burners  with  glasses  coloured  and  signal  cards,  applicable 
to  railways  in  all  the  various  departments,  as  well  as  preventing  of  accidents, 
when  the  train  is  at  fiill  speed;  also  the  diurnal  for  railways,  towns,  villages,  &c. 

6th  Dec.  1845.  J.  R.  Johnson.  For  improvements  in  the  materials  employed 
in  constructing  and  working  atmospheric  railways. 

20th  Dec.  1845.  Taylor  and  Conder.  Improvements  in  propelling  on  rail- 
ways— Described  at  page  509. 

30M  Dee.  1845.  T.  Swinburne.  For  improvements  in  railways,  and  in  the 
means  of  propelling  and  carrying  thereon. 

6th  Jan,  1846,  C.  H.  Greenhow.  For  improvement  in  the  construction  of 
railways  and  railway  carriages. 
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6tk  Jan,  1846.  J.  R.  Bozek.  For  improTements  in  the  constructioo  and  ap- 
plication of  railroad  carriage  wheels. 
*  13M  Jan,  1846.  R.  B.  I^ngridge.  For  an  improved  locomotiye  engjne. 

20ih  Jan,  1846.  R.  A.  Brooman.  For  certain  improvements  in  railway  and 
common  road  carriages. 

22dJan,  1846.  C.Wheeler.  Certain  improvements  in  the  constmction  and 
working  of  railways. 

22<^/aii.  1846.  F.  W.Campin.  Certain  miprovements  in  obtaining  and 
applying  motive  power. 

31s/ Jion.  1846.  M.  Rimington.  Certain  improvements  in  obtaining  and 
applying  motive  power. 

Slit  Jan,  1846.  A.  Etienne.  Improvements  in  the  construction  of  railways, 
railway  carriagesi  and  in  the  means  of  preventing  accidents  on  railways. 

3d  Peb,  1846.  E.  Chesshire.  Improvements  in  apparatus  to  be  applied  to  rafl- 
way  carriages,  to  reduce  the  prejudicial  effects  of  collisions  to  passengers  in 
railway  carriages. 

Sd  Feb,  1846  S.  Brown.  Improvements  in  gas  engines,  and  propelling 
oarriaffea. 

lltk  Feb,  1846.  Gark,  Freeman,  and  another.  Improvements  in  obtaining 
and  appJving  motive  power. 

1 IM  A6. 1 846. 6.  Stephenson.  An  improvement  in  locomotive  steam  engines. 

16tA  Feb,  1846.  Nasmyth.  Improvements  in  engines,  or  machines  for 
obtaining  and  appl3rinff  motive  power. 

I9th  Feb,  1846.  R.  Nisbet.  Improvements  in  locomotive  engines. 

27th  Feb,  IS^6,  J.  S.  Templeton.  Improvements  in  propelling  carriages  on 
railways,  and  improvements  in  propelling  vessels. 

IIM  Marchf  1846.  W.  Naime.  For  a  new  mode  or  new  modes  of  propelling 
carriages  along  railways. 

llth  March,  1846.  H.  Austin.  Improvements  in  the  construction  of  railways 
and  railway  carriages. 

llth  March,  1846.  H.  Bovill  and  another.  Improvements  in  apparatus  appli- 
cable to  the  working  of  atmospheric  and  other  railways,  canals  and  mines,  and 
improvements  in  transmitting  gas  for  the  purpose  of 'lighting  railways. 

llth  March,  1846.  J.  Banfield.  Improvements  in  making  signals  and  com- 
munications on  raUways  and  between  railways,  engines,  carriages,  and  trains, 
which  are  also  applicable  to  other  localities. 

2Sd  March,  1846.  J.  H.  Gandell  and  another.  Improvements  in  the  con- 
struction of,  and  in  the  mode  of  opening  and  closing  of,  moveable  bridges  or 
arches,  for  the  purpose  of  carrying  railways,  tramways,  or  other  roads,  across 
canals,  locks,  docks  or  other  open  cuttings. 

25th  March,  1846.  T.  Pope.  Improvements  in  apparatus  for  moving  railway 
carriages  on  to  railways,  and  in  machinery  for  lifting  or  moving  heavy  bodies. 

18m  April,  1846.  £.  Galloway.  Improvements  in  locomotive  engines. 

7ih  April,  1846.  T.  Melling.  Improvements  in  marine  stationary  and  loco- 
motive engines. 

2Sth  April,  1846.  C.  de  Bergue.  Improvements  in  atmospheric  railways. 

22d  May,  1846.  H.  G.  Hulme.  Improvements  in  the  construction  of  rail- 
ways, and  in  the  carriages  to  be  used  thereon. 

26th  May,  1846.  J.  Montgomery.  Improvements  in  the  construction  of  steam 
boilers  and  steam  engines,  and  in  steam  vessels,  and  in  the  machinery  for  pro- 
pelline  the  same. 

26th  May,  1846.  E.  A.  Cowper.  Improvements  in  the  manufacture  of  rail- 
way chairs. 

4M  June,  1846.  J.  C.  Robertson.  Improvements  in  railways  and  railway 
carriages. 

17 th  June,  1846.  W.Cormack.  Improvements  in  obtaining  motive  power. 

lOM  Dec,  1846.  T.  V.  Allier.  For  improvements  in  brakes  or  machinery  for 
stopping  or  retarding  carriages. 
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RAISINS.  Grapes,  prepared  by  Buffering  them  to  remain  on  the  vine  till 
they  areperfecUy  npe,  and  then  drying  them  in  the  sun»  or  by  the  heat  of  an 
OTen.    llie  former  are  esteemed  as  much  the  best. 

RANCIDITY.  That  sensible  change  which  first  takes  place  in  oils,  when 
exposed  for  some  time  to  the  air ;  supposed  by  chemists  to  be  analogous  to  the 
oxidation  of  metak.  For  it  appears  that  the  processes  employed  to  counteract 
rancidity,  depend  upon  the  combination  of  oxygen  with  the  extractive  principle, 
with  which  tne  oily  principle  is  naturally  combined. 

RAREFACTION.  The  act  whereby  a  body  is  brought  to  occupy  more 
•pace,  or  expand  into  a  larger  bulk,  without  the  apparent  accession  of  any  new 
matter.  This  is  commonly  regarded  as  the  effect  of  heat,  or  the  matter  of 
calorie,  repelling  the  particles  of  the  body  rarefied  farther  from  the  centre  of 
aggregation. 

RASP.  A  species  of  file,  on  which  the  cutting  prominences  are  distinct,  being 
raised  by  punching  with  a  point,  instead  of  cutting  with  a  chisel. 

RATAFIA.  An  alcoholic  liquor  prepared  from  the  kernels  of  various  kinds 
of  fruits,  particularly  those  of  cherries  and  apricots. 

RATAN.  A  kind  of  cane  much  employed  in  the  useful  arts.  They  grow 
in  profusion  along  the  banks  of  rivers  in  parts  of  Asia  and  the  neighbouring 
islands.  Certain  species  furnish  cables,  cords,  and  withes,  of  exceeding  strength  ; 
others  are  split  into  strips  for  making  the  seats  and  backs  of  chairs,  baskets,  and 
other  light  and  elegant  articles  of  furniture ;  those  which  are  larger  and  firmer, 
and  whose  Joints  are  more  distant,  afford  elegant  walking-sticks. 

RATCH.  A  bar  containing  angular  teeth,  into  which  a  pall  drops,  to  pre- 
vent machines  from  running  iMick.      A  circular  ratch  is  called  a  ratchet  wheel. 

RECTIFICATION.  A  careful  repetition  of  distillation,  by  which  the  resulto 
are  purified.    See  ALCOHOL. 

REED.  That  part  of  a  loom  resembling  the  teeth  of  a  comb,  between  which 
the  threads  of  the  warp  are  separated. 

REELS.  Rotatory  cylinders,  or  frames,  on  which  lines,  threads,  &c.  are  wound. 

REEMING.  The  opening  of  the  seams  between  the  planks  of  vessels,  by 
caulking  irons,  for  the  purpose  of  caulking  or  re-caulking  them  with  oakum. 

REFINING,  in  general,  is  the  art  of  purifying  any  thing;  but  the  term  is 
commonly  understood  to  apply  to  the  purification  of  metals,  particularly  ?old 
and  silver,  from  the  alloys  with  which  they  may  be  mixed.  As  gold  and  silver 
alone  can  resist  the  combined  action  of  air  and  fire,  there  is  a  possibility  of  puri- 
fying gold  and  silver  from  all  alloy  of  the  other  metals  merely  by  the  action  of  fire 
and  air,  only  keeping  them  fused  till  all  the  alloy  be  destroyed ;  but  this  purifi- 
cation would  be  very  tedious  and  expensive,  from  the  great  consumption  of  fuel. 
Silver  alloyed  with  copper  has  been  exposed  above  sixty  hours  to  a  glass-house 
fire,  without  being  perfectly  refined  :  tne  reason  is,  that  when  a  small  quantity 
only  of  other  metals  remains  united  with  gold  and  silver,  it  is  protected  from 
the  action  of  the  air,  which  is  necessary  for  combustion.  This  refining  of 
gold  and  silver  merely  by  the  action  of  fire,  which  was  the  only  method 
anciently  known,  was  very  tedious,  difficult,  imperfect,  and  expensive ;  but  a 
much  shorter  and  more  advantageous  method  has  been  long  practised.  This 
consists  in  adding  to  the  alloyed  gold  and  silver  a  certain  quantity  of  lead,  and 
in  exposing  this  mixture  to  the  action  of  fire.  The  vessel  in  which  the  refining 
is  performed,  is  hollow,  but  shallow,  that  the  matter  which  it  contains  may  pre- 
sent to  the  air  the  greatest  surface  possible.  This  form  resembles  a  cup,  and 
hence  it  is  called  a  cupel.  The  furnace  ought  to  be  vaulted,  that  the  heat  may 
be  applied  to  the  surface  of  the  metal  during  the  whole  time  of  the  operation. 
Upon  this  surface  a  dark-coloured  crust  or  pellicle  is  always  forming ;  but  when 
all  the  other  metab  are  dissipated,  the  surface  of  the  gold  and  silver  is  seen  clear 
and  brilliant ;  which  indicates  that  the  metal  is  free  m)m  alloy. 

REFLECTION,  in  Mechanics,  is  the  return  or  regressive  motion  of  a  move 
able  body,  arising  from  the  reaction  of  another  body  on  which  it  impinges.  The 
reflection  of  bodies  after  impact,  is  attributable  to  their  elasticity;  and  the  more 
perfectly  they  possess  this  property,  the  greater  will  be  their  reflection,  all  other 
circumstances  being  the  same. 
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REFRACTION,  in  Mechanics^  is  the  deviation  of  a  body  in  motion  from  iti 
original  course,  arising  from  the  different  densities  of  the  several  parts  of  the 
medium  through  which  it  passes. 

REFRIGERATORY,  in  Chemistry  and  DUtiUation,  is  a  vessel  for  cooling 
liquids,  or  condensing  vapour  into  liquids,  by  the  application  of  cold  water.  The 
common  worm-tub  is  a  specimen  ;  but  refirigeratories  are  of  numerous  forms. 
See  ALCOHOL,  CONDENSER,  &c. 

REGISTJBR.  An  aperture  or  valve  placed  in  a  chimney,  stove,  or  furnace^ 
for  regulating  the  quantity  of  air  to  be  admitted. 

REGULUS.  A  term  that  was  given  to  metallic  matters  when  separated 
from  their  ores  by  fusion. 

RELIEVO,  or  Relief,  are  terms  applied  to  that  mode  of  working  in  sculp- 
ture by  which  figures  are  made  to  project  from  the  ground  or  body  on  which 
they  are  formed,  and  to  which  they  remain  attached.  The  same  term  is  used, 
whether  the  figure  is  cut  with  the  chisel,  modelled  in  clay,  or  cut  in  metal  or 
other  substance.  There  are  three  kinds  of  relievo  : — First,  alto-relievo,  (or  high 
relief,)  when  the  figures  are  so  prominent  from  the  ground,  that  merely  a  small 
part  of  them  remains  attached  to  it  Mezzo-relievo,  (or  half  relief,)  when  one 
half  of  the  figure  rises  from  the  ground,  in  such  manner  that  the  figure  seems 
divided  by  it  Basso-relievo,  (or  low  relief,)  when  the  work  is  raised  but  little 
from  the  ground,  as  in  medals,  and  generally  in  friezes,  and  other  ornamented 
parts  of  buildings.  Low-relief,  or  bas-relief,  is  the  comprehensive  term  by 
which  all  works  in  relievo  are  usually  indiscriminately  denominated. 

RENNET.  The  coagulum  prepared  from  the  stomach  of  a  calf,  employed  in 
making  cheese. 

REPULSION,  tn  Physics,  that  property  in  bodies,  whereby  if  they  are  placed 
just  beyond  the  sphere  of  each  other's  attraction  of  cohesion,  they  materially 
recede  and  fly  off. 

RESIN.  A  solid  inflammable  substance  of  a  vegetable  origin,  and  soluble 
in  alcohol ;  it  resembles  gum  in  appearance,  but  differs  from  it  chiefly  in  its  in- 
solubility in  water  ;  in  which  gum  is  soluble,  and  not  in  alcohol.  Resins  appear 
to  have  been  volatile  oils  rendered  concrete  by  the  absorption  of  oxygen.  The 
exposure  of  these  to  the  open  air,  and  the  decomposition  of  acids  applied  to 
them,  evidently  prove  this  conclusion.  What  is  most  generally  known  by  the 
name  of  resin,  or  roiin,  is  the  residuum  left  after  distilling  the  essential  oil  from 
turpentine,  and  which  is  run  or  ladled  out  of  the  still  into  casks  cut  in  half,  for 
sale.  In  commerce,  this  product  is  called  hroum  rosin.  The  yellow  rosin  is 
made  by  ladling  out  the  brown  rosin  from  the  still  into  a  vessel  of  hot  water; 
a  violent  effervescence  ensues,  and  the  rosin  absorbs  one-eighth  of  its  weight  in 
water.  It  is  more  friable  than  the  brown  rosin,  but  the  lighter  colour  of  the 
yellow  adapts  it  better  to  some  purposes. 

RESISTANCE,  in  Fluids^  is  that  opposition  to  the  motion  of  a  body  which 
arises  from  the  inertia,  tenacity,  and  friction  of  the  parts  of  the  fluid  in  which 
it  moves.  If  any  body  move  through  a  fluid  with  a  given  velocity,  it  will 
evidently  displace  a  certain  *  number  of  particles  with  a  given  velocity  ;  but  in 
thus  giving  motion  to  the  particles  of  fluid,  it  must  lose  a  part  of  its  own,  which 
loss  of  motion  is  the  effect  of  resistance.  When  a  body  changes  its  velocity,  thp 
resistance  is  not  changed  in  the  same  proportion ;  for  if  a  body  move  with 
double  .its  former  speed,  it  will  manifestly  set  in  motion  twice  as  many  par- 
ticles, and  each  of  these  particles  will  be  moved  with  double  its  former  velocity. 
In  the  same  way,  if  the  velocity  be  tripled,  three  times  the  number  of  particles 
must  be  put  into  motion  with  a  triple  velocity.  Thus  it  appears  that  a  double 
velocity  produces  a  fourfold  resistance,  a  triple  velocity  a  ninefold  resistance ; 
that  is,  the  resistance  increases  proportionally  to  the  square  of  the  velocity. 
The  resistance  is  also  increased  in  the  same  proportion  as  the  area  of  the  plane 
immersed;  it  is  also  nicreased  as  the  density  of  the  fluid  medium.  If  the  plane 
does  not  move  with  its  face  perpendicular  to  the  direction  of  its  motion,  the 
resistance  will  be  diminished,  both  on  account  of  a  less  surface  being  exposed, 
and  the  oblique  action  of  the  particles  on  the  plane.  From  these  two  causes 
the  resistance  will  be  diminished  as  the  cube  of  the  sine  of  the  angle  that  the 
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pbiM  malMt  with  the  direetioii  of  its  motioa.  Tlie  reiiaUuiee  is  the  same, 
whedMT  the  body  move  in  the  flnid,  or  the  fluid  moTe  againet  the  bodjr.  The 
•heohto  miataiioe  to  a  giren  pkne,  by  a  fluid  acting  with  a  certain  velocity 
paipendiciilariy  to  ita  fiiooi  is  equal  to  the  weight  of  a  column  of  fluid,  whoee 
Mae  11  die  jAm  and  height  e^ual  to  that  through  which  a  heavy  body  muat 
IhU  to  aoqmn  the  given  vdooty :  a  coniideration  of  the  law  of  retiitance,  a 
Hmit  to  cor  speed  in  navigation,  which  soon  becomes  insuperable. 

RESOLUTION  OF  FORCES,  or  remAUha  of  motion,  is  the  act  of  dividing 
any  8iii|§;le  foree  or  motion  into  two  or  more  others,  in  diflkrent  directions;  or 
of  flndmg  die  quantities  of  two  or  more  forces  or  motions,  which,  taJcen 
togethary  shall  produce  the  same  quanti^  offeree  or  motion  with  the  given  one, 
and  in  t^same  direction.  This  is  the  reverse  of  CoMrosiTioM  op  Forces  or 
Monov ;  which  see. 

RETARDATION.  The  act  of  checking  or  diminishing  the  velodtjr  of  a 
body  in  motioo.  The  two  srand  causes  of  the  retardation  of  moving  bodies 
an^  the  resistanee  of  the  meduum  through  which  the  body  moves,  and  the  action 
of  cfaviw. 

RETORT.  A  vessel  used  in  distillatory  processes,  usually  of  a  pear  shape, 
with  a  long  beak ;  but  they  are  modified  in  a  great  variety  of  wajrs.    See  GAS. 

REVERBERATORT.  A  furnace  or  oven,  wherein  the  flame,  or  current  of 
heated  gases  firom  the  fuel,  is  caused  to  reverberate,  or  be  reflected  down  upon 
the  sobstance  under  operation,  before  passing. into  the  chimney :  such  rever- 
beratories  are  therefore  usually  made  with  dome  tops,  against  which  the  flames 
&e.  first  impinse,  and  then  curve  downwards  upon  the  bed  of  the  furnace. 

RHODIUM.  A  new  metal,  discovered  by  Sir  H.  Davy  amongst  crude 
platina;  specific  gravity,  11..  It  unites  easily  with  every  metal  with  which  it 
has  been  tried,  except  mercury :  with  cold  or  silver  it  forms  a  very  maOeable 
aUov,  not  oxidated  by  a  hu;h  degree  of  neat,  but  becomes  encrusted  with  a  black 
oxide  when  slowly  coded;  mie-sixth  of  it  does  not  perceptibly  alter  the  colour 
of  gold,  but  renders  it  much  less  fbsible. 

RICE.  A  hard,  white,  farinaceous,  and  very  nutritive  grain,  which  grows 
in  the  East  and  West  Indies,  and  other  warm  cUmates ;  it  grows  to  the  height 
of  abont  2^  feet,  with  a  stalk  not  unlike  that  of  wheat,  but  fuller  of  joints,  and 
with  leaves  resembling  those  of  the  leek.  It  branches  out  into  several  stems, 
at  the  top  of  which  the  igrain  grows  in  clusters,  and  each  of  them  is  terminated 
with  an  ear  or  beard,  enclosed  in  a  yellow  rough  husk.  When  stripped  of  this 
rough  coat  and  a  thin  under-skin,  the  grain  is  shown  to  be  of  an  oval  form,  and 
of  a  beautiful  white  colour.  The  native  mode  of  shelling  rice  (or  paddy,  as  it 
is  called  in  the  rough  state)  in  India,  is  by  placing  it  in  a  large  hollow  stone 
or  mortar,  and  striking  the  loose  grain  with  a  conical  stone  or  pestle,  by  which 
it  is  constantly  forcibly  pressed  and  disturbed ;  and  thus,  by  persevering  efforts, 
the  husks  are  rubbed  off.  This  process  is,  however,  a  very  teoious  and  laborious 
one,  and  to  remedy  it,  a  variety  of  inventions  have  been  successfully  introduced 
and  improved  upon.  The  general  practice,  of  late  years,  has  been  to  employ 
millaUmes  for  depriving  die  paddy  of  the  outer  shell,  the  stones  being  set  at 
such  a  distance  apart  as  wfll  detach  the  shell,  without  crushing  the  interior 
grain.  The  stones  are  covered  by  a  hoop  or  case,  which  entirely  encloses  them, 
waving  a  space  all  round  between  the  stone  and  the  hoop  of  about  two  inches. 
In  one  side  of  this  hoop  is  a  hole,  through  which  the  husked  rice  runs  out  upon 
a  fine  neve,  kept  asitated  by  the  mills ;  m  passing  over  this,  the  dust  and  sand 
are  separated ;  it  £en  falls  mto  the  winnowine  machine,  which  separates  the 
husk  m>m  the  rice.  There  is  one  of  these  machines  to  each  pair  of  stones,  to 
separate  Uierice  firom  the  husk,  in  its  passage  from  the  stones  to  the  bin. 

The  rice  in  this  stage  of  the  operation  is  more  or  less  red,  nothing  more 
being  done  than  the  separation  of  the  husk ;  after  this,  it  is  taken  to  the 
whitening  machine,  where  the  inpide  cuticle,  or  red  skin,  is  detached.  This 
machine  consists  of  a  stone  of  coarse  grit,  fixed  on  a  spindle  like  a  grinding- 
stone;  the  stone  is. enclosed  in  a  case  made  nearly  to  fit,  leaving  a  space  ul 
round  of  about  an  inch  between  the  stone  and  the  inside  of  the  case :  this  case 
is  made  of  plate  iron,  and  punched  full  of  small  holes,  like  a  grater,  with  the 
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■ardai  it  ii  >o  coDtriied.  Ibal  tlie  < 
ay  remain  Hill  while  the  stone  ii  lumitig. 
between  tbe  case  and  the  atone  »t  ■  iliding  door,  ot  opening  in  Uie  ri 
apace  is  about  twn  ihirilB  filled;  Ibe  miooe  ii  th«n  put  in  verj  rajnd  modon, 
making  al  lead  360  rerolulion*  ■  minute,  by  a  itrap.  The  cue  is  allowed  to 
tum  rerjr  slowly ;  this  changes  Ihe  position  of  tbe  rict,  and  erery  grain  in 
succession  comes  iulo  contact  with  iLe  stone,  and,  robbing  hard  Bgainsl  each 
other,  an  accumulatioa  of  brat  (which  produces  an  enlargement  of  the  ^tnin, 
and  consequently  splits  the  red  skin)  U  produced,  which  serves  to  loosen  the 
skin;  and  this,  forming  a  td  dust,  finds  its  way  out  of  the  holes  in  the  case, 
and  leaves  tbe  rice  peifeeliy  white. 

The  cleansing  of  rice  in  this  country  is  of  modem  introductioD,  and,  from  ita 
apparently  grtiwing  importance,  we  shall  add  some  account  of  the  procesaes 
tecenlly  patented  for  thai  purpose. 

Mr.  Ewbank's  patent  of  1819  infonna  u«  that  the  paddy  isi  first  cleansed 
from  foreign  maAer  by  passing  it  over  a  serpen,  which,  detaining  the  rice, 
allow  the  impurities  to  pass  through.  The  paddy  in  Ibis  state  is  taken  to  mill- 
stones, set  at  a  proper  distance  apart  to  rob  off  the  external  shells  or  bnaks ; 
the  husks  are  oeit  blown  away  by  •  fanning  machine;  the  rice,  thus  partially 
cleaned,  i>  then  deposited  in  mortars,  where  it  is  beaten  and  tn'luial«d  for 
depriving  it  of  tlie  thin  red  skin ;  and  when  the  trituration  has  been  carried 
far  enough,  the  conlenls  of  tbe  mortan  are  silled  upon  a  "  sloping  and  re- 
voliiDg  screen,"  which  is  composed  of  three  distinct  wire-chiths.  of  ^fierent 
degrees  of  Gtteneas.  The  finest  Under  cloth  allows  (he  duit  or  llour  to  pass 
through,  but  detains  the  broken  rice ;  tbe  second  or  middle  cluih  geporslei  the 
brakeii,  and  detains  the  whole  rice,  while  the  coartest  upper  cloth  allows  only 
the  (vhole  rice,  at  huaked  grains  to  pan  through,  and  dcLaina  (he  uiihuaked,  which 
ii  taken  back  to  the  millstones  to  be  operal^  upon  again.  The  rice,  still  but 
imperfectly  clean,  is  aflerwaids  taken  to  the  poliihing  and  whitening  machine, 
which  contiits  of  two  cylinders  placed  concentrically;  the  exterior  cylinder  is 
filed  or  italionary,  and  the  interior  one,  which  is  made  to  revolve,  is  covered 
with  sheep-skins  with  the  wool  on  the  outside.  Between  these  two  cylinders 
the  rice  is  put,  and  the  inner  cylinder  being  made  to  revolve,  the  rice  is  brushed 
by  the  constant  friction  of  tbe  wool,  and  thereby  polished  and  whitened. 

A  tecond  patent  granted  in  May,  1 82 7,  to  Messrs.  Lucas  and  fiwhank, 
relates  to  an  improved  method  of  treating  the  rice,  that  is,  after  it  has  beeu 
husked.  For  the  purpose  of  depriving  or  getting  rid  of  ibe  red  pellicle,  which 
is  united  to  tbe  rice  by  a  gummy  substance,  they  employed  in  succession  two 
or  more  sets  of  moTtars.  When,  by  the  trituration  of  the  pestles,  the  gummy 
or  glutinous  matter  begins  to  disengage  itself  (which  is  immediately  manifested 
by  the  rice  moving  sluggiihly  under  the  pestles),  it  is  to  be  taken  out  of  the 
first  set  of  mortars,  and  carried  to  a  second  set,  whereia  is  to  be  mixed  wiUi 
the  rice  H  quantity  of  the  eiternal  husks  well  dried,  in  the  proportion  of  one 
fourth  or  two-fifths  in  bulk  to  Uiat  of  the  rice.  The  triturating  and  beating 
process  is  then  renewed  upon  this  mixture,  tl)e  dry  husks  greatly  assisting  in 
cleaning  and  wliilening  the  grain.  Alter  this  llie  mass  is  to  be  fanned  and 
screened,  lo  icparale  the  refuse:  when  tbe  rice  Is  taken  (o  the  polishing 
machine,  as  before  described,  which  lenniufltes  tbe  procen. 

In  the  monlb  following  the  date  last  mentioned,  Mr.  MeMl  Wilson,  a  mer- 
chant of  London,  took  out  a  patent  for  an  improvement  in  husking  rice.  In 
which  the  operation  was  conducted  simply  by  the  collision  of  tbe  grains  of 
paddy  against  each  other. 

The  apporatui  consists  of  a  long  hollow  cylinder,  around  the  ioterior  surface 
of  which  are  fixed  a  series  of  angular  bars,  projecting  towards  (he  axis  of 
the  cylinder ;  this  cylinder  revolves  loosely  an  a  cenlral  shaft,  which  passo* 
through  it,  and  is  provided  with  a  limilar  number  of  ban,  pointing  radially 
from  (be  centre  lo  the  circumference,  and  passing  alternately  between  the  bars 
in  the  cylinder,  so  ai  to  leave  an  inch  free  space  between  ibeni.  Thus  disposed 
the  cylinder  is  placed  in  an  inclined  petition  ;  tbe  rice  is  allowed  lo  ent 
tbe  top,  while  tlie  cylinder  is  mode  (n  revolve  with  a  "  slow  motion" 


Jirtdiim,  Ota  azii  BonD};  at  the  ume  time  >t  "  ■  higb  ipeed,"  anil  in  a  con- 
tiarf  dinctioa;  conwquaDtlj,  at  the  rice  panea  thnxigh  the  cylinder,  it  will 
be  coQudetably  agitated  and  turned  about;  and  the  nuak  will,  it  ia  Mid,  be 
rubbed  off  before  paaiing  at  the  lover  end  of  the  cylinder. 

To  render  the  conitmctiaD  of  the  interior  of  the  cylinder  perfectlj  nnder- 
•tood,  tbe  annexed  diagram*  will  be  aufficient 

Fiff.  1  repreuota  a  plan  of  the  cap  of  the  cylinder,  not  ~ 

find  thereto,  nor  to  the  tait,  which  pusn  through  it,  but 
to  the  framing  wf  '  .     .»      . 

goide 
titioni  mbetwicea. 

Hg.  2  a  oaDed,  in  the  tpeeiGcB^on,  "  a  eocktt  wheel ; " 
it  ia  fixed  direcllj  vaier  tlie  cap  to  die  cylinder,  and  the 
azia  panari  throiwfa  the  aoDkel,  which'ierret,  therefore,  aa 
a  bearing  for  both  the  axia  and  the  cjlinder,  permitting 
them  to  nvtdve  freely  in  contrary  directions.  For  the 
convenience  of  remor^  thia  wheel  ii  made  to  ditide  into 
two  parti,  which  ore  bolted  together  when  in  me. 

Fy,  3  givei  a  Iranivene  eection  of  the  cylinder  and 
axil,  each  of  which  being  ehown  as  prorided  with  four 
ban,  that  nomber  being  fixed  in  each  parallel  circle,  and 
alternately  ai  reapecti  thixe  on  the  cylinder,  and  thoae  on 
the  axil.  Thii  lectioa  likewiie  ahowi  tbe  cylinder  to  be 
compoied  of  eight  diitinct  piece!  or  segmenta;  on  each  of 
the  eight  legmcnti  ii  fixed  a  longitudinal  row  of  limilar 
ban,  though  only  four  (the  number  in  one  circle)  ara 
brought  hito  Tiew,  to  prevent  conhuion. 

Fig.  4  ii  a  tranaverw  lectiDn  of  oae  of  the  before-uen- 
lioned  ban,  ihowing  thnt  they  are  of  Ibe  biire  of  a  qnad- 
nugular  priim,  that  ihape  heing  preferred  by  the  patentee 
for  tbe  purpoae  in  queition. 

Fig.  5  i«  a  plan  of  the  bottom  of  the  eyUnder ;  it  it 
formed  in  put  like  the  locket  wheel,  deaeribed  in  Fie.  2, 
but  the  ipacea  between  the  ipokei  are  cloeed  ;  in  each  of 
theie  compartmenti  a  large  aperture  ii  made  for  the 
egreuion  of  the  grain,  which  is  regulated  at  pleamre,  by  illding  doon  to  each, 
HI  repreMnted. 

Hr.  Wilton  took  out  aiecond  patenlin  1S30  for  "an  improred  method  of 
preparing  and  clesniing  paddy  or  rough  rice,"  which  may  bi  briefly  deeeribed 
ai  coniiiting  of  a  series  of  mortan  with  solid  bottom  and  jictw  Met ;  tbe  latter 
being  made  of  wire  gauz»,  or  perforated  metal  platei,  strengthened  by  ribs  of 
strong  wire.  Theie  mortars  areplacedlo  arow,  and  their  contents  operated  upon 
by  a  series  of  pestles  suspended  to  a  revolvbg  crank  shaft  above,  the  pestle  rods 
being  guided  in  their  action  by  a  suitable  frame  underneath,  sliding  between 
upright  standards  which  support  the  crank  shaft.  The  intendon  of  the  "  sieve 
sides"  to  the  mortars  is,  that  the  rice  may  pass  through  ai  soon  as  it  ia  cleaned, 
so  as  not  to  be  heated  by  the  lubsequenc  operation  of  the  pestles. 

We  shall  meution  one  moTe  patent,  which  wai  recently  granted  to  Mr. 
Shiels,  of  Liverpool,  for  the  same  object.  Instead  of  a  pair  of  millstones  for 
the  first  operation  of  shelling,  the  specification  of  this  patentee  direeli  the  em- 
ployment  of  oiu  mill-i(oiu,  and  what  we  will  take  leave  to  call  one  mi\l-v!ood 
(of  precisely  similar  figure  to  the  itone),  and  between  these  two  substances  the 
paddy  ii  to  be  milled  in  the  same  manner  as  between  two  stones.  The  second 
operation  of  taking  off  the  thin  pellicle  is  to  be  performed  by  rubbing  the 
grain  between  the  flat  surfaces  of  two  wooden  ninnerB,  which  are  coverea  with 
sheep-skin  with  the  wool  on.  But  Mr.  Shiel's  mode  of  applying  the  sheepskin 
is  different  to  Mr.  Ewhank's  before  described  ;  the  wool  bemg  placed  by  Mr. 
Shiel  next  to  the  surface  of  the  runners,  so  that  the  rice  ia  operated  upon  by 
the  flesh  lideioF  the  skins,  and  owing  to  the  springiness  of  the  wool  nndemealb, 
the  grain  reeeivei  an  elastic  pressure. 


RIFLE.  The  name  giieti  to  ■  fire-arm  Ftooi  ihe  pMulUr  raiutniclion  of  iu 
barrel,  vhich  is  cut  ioteniall}'  into  long  spiral  grtHxes,  ihii  luodljr  make  but 
one  TCTolulion  ihrougli  its  length. 

RIGGER.      A   cjilindrical   pullej;    kDoim   obo  bj    th«   terra   dmni.  In 


o  Uie  ditpositic 


moslt,  and  to  extend  or  reduce  llie  tails,  or  arrange  tben 
iLe  vind. 

ROADS.  The  lubject  ot  liiit  article  upeni  to  m  to  van  ■  field  of  inquiry, 
that  it  is  impoisible  lo  do  justice  to  iti  importance  within  the  liniita  prescribed 
to  ui.  To  the  curiinu  explorer  of  oncieut  records,  a  search  into  the  historr  of 
roads,  from  the  earliest  aget  uf  anliquilj,  would  repay  his  utmost  labour.  While 
to  the  philosophei  it  offen  ample  scope  for  meditauon  and  reflection ;  the 
Iheoriat  may  speculate  OD  the  iDfluence,  moral  and  political,  exercised  by  lacility 
of  communicalian  belween  distant  members  of  the  same  body  politic  ;  and  the 
sound  Teawmer  find,  in  the  opening  of  good  roads  sJone,  data  on  vbich  to  base 
a  Ime  estimate  of  tbp  progresi  of  society. 

Roads  may  be  described  as  both  the  cause  and  eSect  of  ciriliiBtian ;  ih* 
formation  of  roads  ioTariably  lending  to  improve  tlie  most  harbaroo*  district, 
to  eToIre  iD  Tcsourees,  and  drilize  its  people;  while,  on  the  other  hand,  the 
inlemal  common ications  of  a  country  aObrd  the  oureit  proof  of  her  proipcrity; 
and  her  roodi,  the  infallible  signs,  because  tlie  certain  consequences,  of  ber 
ci*lliiation.  "  Let  us  travel,''  says  the  Abh£  Raynal,  "  over  all  the  countries 
of  the  earth,  and  wherever  we  find  no  facility  of  travelling  from  a  cily  lo  a 
town,  or  from  a  village  to  a  hamlet,  we  may  pronounce  the  people  to  be  bar- 
barians." "The  inaking  of  roads,"  obsen'ei  Sir  Henry  Pariiell,  in  his 
admirable  Trtatiie,  "  in  point  of  fact,  is  fundamentally  essential  lo  bring  about 
the  first  change  that  every  rude  country  must  undergo,  in  emerging  from  a 
condition  of  poverty  and  barbarism." 

The  wise  policy  of  the  Romans  taught  tliem  to  lay  open  the  countries  they 
subdued,  which  might  afford  an  easy  transport  of  their  ammunitian  and  sup- 
plies. In  Britain,  same  remains  of  the  Roman  roads  are  yet  visible.  At 
Chester,  remnants  of  the  old  Roman  {)avement,  culled  the  Castrum,  are  fre- 
quently discovered  on  removing  the  superincumbent  soil;  in  Scotland,  a  portion  ot 
Roman  causeway,  leading  from  Muiselburgh  Bay  to  Abercora  i  la  the  neigh- 
bourhood of  St.  Albans  on  the  road  to  London — and  in  many  olber  place*.  AU 
the  roads  discovered  ran  nearly  in  direct  lines.  Natural  obstructioni  were 
removed  or  overcome  by  the  efibrts  of  labour  and  art,  whether  Ihey  consisted 
of  morihei,  lakes,  rivers  or  mountains.  To  flat  districts  the  middle  part  of  the 
road  was  rused  into  a  terrace.  In  mountainous  district*  the  roads  were  alter- 
nately cut  through  mouutains  and  raised  above  the  valleys,  so  as  to  preserve 
either  a  level  line,  or  a  uniform  inclination.  They  founded  the  road  on  piles 
where  the  ground  was  not  solid,  and  raised.il  by  strong  side  walls,  or  by  arches 
and  pien,  where  it  was  necessary  to  gain  elevation.  The  paved  part  of  the 
great  military  roads  wa*  lli  Roman  feel  wide,  with  two  *)de  ways,  each  8  feet 
wide,  separated  from  the  middle  way  by  two  raised  paths,  2  feet  each.  At 
eveiy  mile  columns  were  erected,  to  mark  the  dislsDce  from  place  lo  place ; 
blocks  of  stone  for  fool  travellers  lo  rest  upon,  or  for  horsemen  to  mount  their 
steeds  with;  temples,  iriumphal  arches,  and  mauMleoms  adorned  them,  and 
military  itatione  defended  and  commanded.  By  the  formation  of  these  great 
highways,  an  impulse  was  given  in  Britain  to  the  national  induitrv.  The  genius 
of  the  British  people,  essentially  commercial,  hastened  to  avad  Itself  of  the 
facilities  (limited  ai  they  were)  for  intercourse  and  traffic,-  and  we  may  fairiy 
BItribute  to  the  conquest  of  Britain  by  the  Romans  her  present  commercitd 
aiiperiority. 

A  rood  sliould  combine  the  qualities  of  hardness,  smoolhiiesa,  and  strength  or 
solidity.  To  ohCain  these  requisites,  il  appears  tu  us  indispensable  that  great 
care  should  be  taken  lu  prepare  the  foundntlo:i  for  the  materials ;  hut  on  ihia 
point  much  divetsily  of  opinion  exiili;  Mr.  M' Adam  mainlatning  thai  lh« 
elasliciiy  of  the  subauil  is  rather  a  benefil  than  an  injury,  in  contradiction  to 
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the  opinion  oC  Mr.  'nedcoldy  and  other  eminent  en^neen^  that  on  •  inbttratnni 
of  m  ipongy  nature,  aa  nog-land,  or  morasaei,  it  u  imperative  to  render  Uie 
foondation  finn. 

Hftttwaye^ — ^In  properly  oondacting  this  part  of  the  bniinea  of  road-making, 
great  care  it  neceeiary.  The  ntmott  judgment  of  the  ekilful  ior?eyor  will  he 
called  into  action  to  enaUe  him  to  make  the  hett  ate  of  the  natural  facUitiet  of 
the  country,  and  to  overcome  the  ohttructiont  that  he  will  tometimet  meet  with. 
In  patang  over  flat  land,  open  main  draint,  cut  on  the  field  aide  of  the  fencee, 
nratt  oommnnieate  with  the  natural  watercourtet  of  the  countiy ;  they  thould 
be  three  ftet  deep  below  the  leyel  of  the  bed  of  the  road,  one  foot  wide  at 
bottom,  and  five  Met  wide  at  top.  If  tpringt  ritein  the  dte  of  theroad,  or  in 
the  ilopet  of  deep  enttingt^  ttone  or  tile  drtimt  thould  be  made  into  them.  In 
cutting,  tmall  draint,  tMhnically  called  mitre  draint,  thould  be  fiirmed ;  the 
ang^  depending  on  the  incHnation  of  the  road,  thould  not  exceed  1  inch  in 
too.  They  dionld  be  9  inchet  wide  at  bottom,  12  inchea  at  too,  and  10  inchea 
deep.  According  to  the  indinationt  of  a  road,  and  the  form  ana  wetoett  of  the 
country,  crott-draint  of  good  matonry  thould  be  built  under  the  road,  having 
their  eztremitiet  earned  under  the  road  Itncee.  One  of  thete  thould  be  buiU 
wherever  water  wodld  lie ;  and  when  die  road  pattet  along  the  dope  of  a  hill, 
great  numbert  are  necettary  to  carry  off  die  water  that  cdlecta  in  the  channel 
of  the  road  on  the  tide  next  the  high  ground.  Variout  detcriptiont  of  draint 
are  made  in  every  tituation  when  necettary,  and  the  pretervation  of  the 
■urfiice  of  the  road  aecured  bjr  giving  it  a  oroper  convexity  in  itt  crott  teetion, 
at  thown  in  the  annexed  teetion,  detigned  for  the  regulation  of  the  turfiicet 
and  wattet  between  the  fencet  of  the  Holyhead  road. 


The  proper  convex  form  it  particularly  etsential  on  hillt,  in  order  that  the 
water  may  have  a  tendency  to  fall  from  the  centre  to  the  tidet.  The  nde 
channel*,  and  all  the  road  draint,  thould  be  repaired  at  the  approach  and  at  the 
end  of  the  winter,  and  daily  attention  given  to  their  being  free  from  obttniction. 
If  roads,  by  a  proper  tystem  of  drainaife,  be  kept  dry,  they  will  be  maintained 
in  a  good  ttete,  and  at  proportionally  lets  expenie. 

MaUriah,  4^.— The  breadth  of  roads  should  vary  according  to  cirrumstancet. 
In  the  vicinity  of  large  towns,  where  the  traffic  is  connderable,  the  road  should 
be  not  less  than  60  feet  between  the  fences.  Where  fhere  is  less  traffic,  fifty 
feet  will  be  sufficient.  The  whole  breadth  should,  in  these  cases,  be  mek^d^ 
or  laid  with  broken  stones.  Near  London,  and  the  capitds  of  Edinburgh  and 
Dublin,  perhaps  70  feet  is  not  too  great  ti  width,  and  a  footpath  should  be  pro- 
vided on  each  side.  "  The  road,"  says  Mr.  Telford,  in  a  spedfication  for  tha 
Hdyhead  road,  <<  is  to  be  30  feet  wide,  exclusive  of  footpaths,  with  a  &11  of  6 
inches  from  the  centre  to  the  dde  channels."    The  bed  of  the  new  road  bein? 

Prepared  for  the  reception  of  the  materialt,  should,  if  of  a  wet  or  spongy  nataris 
e  well '  rammed  '  with  chips  of  stone ;  in  some  ntuations  it  is  advisable  to  lav 
a  stratum  €fhand4aid  stones,  of  from  5  to  7  inches  in  depth,  with  their  broad- 
est ends  placed  downwards,  and  the  whole  built  compactly  together.  On  thiv 
is  to  be  Idd  the  «  metal,*  or  broken  stones,  to  the  depth  of  at  least  8  inches 
broken  of  a  uniform  sise,  so  as  to  form  a  solid  and  compact  body.  To  insur  ^ 
uniformity  in  the  size  of  the  broken  stones,  various  tests  have  been  suggested ; 
perhaps  the  most  simple  is,  that  every  piece  shdl  pass  through  a  ring  of  2  J 
inches  diameter.     On  this  bo  ly  of  metal,  no  binding  or  gravel  should  be  use! ; 


ibe  angular  vde»  of  the  metal  toon  lock  inio  eacb  other,  and  fonii  a  eraootli 
■urfiice.  lu  the  letectian  of  road-niirtsl,  we  prefer  the  leveral  rtrielies  of  greeo- 
■tone.  The  beat  kinds  of  theie  are  leu  friable  ihan  gTsnile,  wbeo  broken  iulo 
small  piecsi.  It  ia,  however,  often  neceasary,  for  wuiit  of  belter  materiBla.  to 
DM  smidslono,  common  limeglone,  and  chalk,  even  in  district!  where  there  u  m 
grem  deal  of  traffic;  in  some  initsnces,  where  cool  U  abundant,  londiloac  ia 
reduced  tu  a  Titreous  mais  in  kilns  erected  by  the  road  lide. 

"  Well-made  roads,  formed  of  clean,  faard,  broken  alone,"  observe*  Mt. 
Macneill,  "  placed  on  a  wild  foundaliou,  are  very  little  affected  by  changes  of 
atmosphere ;  weak  roads,  or  those  that  are  imperfectly'  formed  with  gravel, 
flhit,  or  round  pebbles,  without  a  bottoming,  or  fmuidalion  of  stone  pavement 
or  concrete,  are,  oD  the  contrary,  much  affected  by  changes  of  the  weather. 
It)  the  formatiuD  of  such  roads,  and  btfore  they  become  bound  or  firm,  a  con- 
siderable pcrtioD  of  the  BUb-soil  mixes  with  the  ilone  or  gravel,  in  consequence 
of  the  uecetiilj  of  putting  the  gravel  on  in  thin  layers:  this  mixture  of  earth 
or  clay,  in  dry,  warm  seasons,  expands  by  the  heal,-Bnd  makes  the  road  loose 
and  open  ;  the  consequence  is,  that  ibe  stones  are  thrown  out,  and  many  of 
them  are  crushed  and  ground  into  dust,  producing  coiuiderable  wear  and  duni- 
nution  of  the  mateiials.  In  wet  weather,  alio,  ihe  clay  or  earth  mixed  with 
the  s'onei  abuirba  moisture,  becomes  soft,  and  allows  the  stones  to  move  and 
rub  against  each  other,  when  acted  upon  by  the  feet  of  bones  or  wheels  of 
carriages.  This  attrition  of  the  stones  against  each  other  wean  tbem  out  sur- 
prisingly faat,  and  produces  large  quantilies  of  mud,  which  tend  to  kMp  the 
road  damp,  and  by  that  means  increases  the  injury." 

The  immense  traffic  in  the  streets  of  London,  and  other  large  cities,  and  llie 
in  con  leniences  reaultbg  tram  a  frequent  derangement  of  the  pavement,  have 
long  rendered  the  establishment  of  a  firm,  durable,  and  iniooth  city  tuad,  a 
great  desideratum.  The  alternate  dust  and  niud  on  broken  stoue  roads  have 
proved  them  unfit  for  crowded  ihoroughfatea.  They  have  been  tried,  but 
■ailed.     Stone  paving  of  various  kinds,  ai.d  even  CBst-inin  plates,  in  the  font)  of 

Fig.  1.  (Plan.) 


a  cBUSewa}',  have  been  suggested.  Of  ibe  two  kinds  of  stone  pavement  with 
which  London,  Dublin,  and  Edinburgh,  ore  paved,  the  one  is  termeid  rubble  cause- 
way, the  other  aisler  caiiteway.  In  the  former  the  stones  are  very  sHghlly 
hatiinier-drciaed  ;  in  the  latter  tliey  vary  from  5  to  7  incbca  in  tbickness,  fi^un 
B  to  IS  in  length,  and  alraut  a  foot  in  deplb.  The  Commercial  Road  of  London 


Poplar.  It  is  2  miles  loo^,  and  TO  feet  wide.  Tlic  footpaths  are  laid  with 
Yorkshire  flags,  and  the  stoneway  of  granite.  Tlie  tramway  Is  composed  of 
large  stone  blocks,  IS  inches  wide  by  12  inches  deep,  and  from  3^  to  10  feet 
long.  They  arc  laid  in  rows  four  feet  apart,  on  a  hard  ^nvcl  bottom,  or  a 
concrete  fuunJatioii,  and  have  their  ends  duscly  and  Hrmly  jointed  to  each 


othw,  n  M  Id  prmnt  moremeiit,  eitber  latcnl  or  lonntadiiial.  On  thii  tram- 
m^  •  mgna  wAAaag,  with  it*  load,  10  toot,  wu  drmwn  Irf  Me  bona  fnna 
dM  WMtlBdia  Doefei,  •  diMucc  of  2  mile^  rinag  1  in  274,  at  tb«  rale  of 
DMriy  4  milM  par  hour.  The  worki  were  executed  Dader  the  directioD  of  Mr. 
J«BM  Walker,  At  ■winecr,  bj  vbon  the  pUn*  were  forniihed,  and  whota 
npoit  to  the  bniteea  oflfaa  tom  eontiuni  mnch  uicful  iDiotniBtiaa. 

llT.8ltiphiv*on,itt«»Bpvtfr,it»enbumthe  Edimhrgk&iefehptdkitiaoit 
•f  WMMtmetuig  ■  muMdi  and  dnnUe  <dtj  Toad,  wbich  ii  both  economical  and 
n  or  Ugfawaj,  aoppoacd  to  meaMre  abcnt  tUi^  feet  in 


breadth,  it  laid  oot  in  Gt*  eompartnenti,  independentlj  of  fbot-paAi.  Two  of 
tlieaa  an  laid  with  the  aider  oaniewar  Cncka,  five  bet  apart,  the  hone-patfai 
of  mbUe  eanaewaj,  or  broken  rtonei,  in  the  tHul  way.  A  B  C  D  (^fSg.  1)  point 
oat  a  compartment  of  the  road,  laid  partly  with  broken  itonea,  in  which  E  E 
and  F  F  are  the  aiiler  caaaeoa;  track*,  A  B  being  a  paved  open  drain,  on  the 
■da  of  the  road.  I  N  ibowi  the  Ihniti  of  a  road,  11*0  laid  with  tracks  of 
^der  cauiewaj,  a*  maiked  at  L  L  and  H  M ;  but  here  the  e 
between  and  on  each  ude  are  pared  with  rubtde,  o 


e  with  broken  itonei,  r  e  two  of  ^e  aider  caiuewaj  traek*^  and  Jthebi 
path  between  them. 

In  the  jrear  1S29,  Mr.  Tbomai  Parkini  obtuned  a  patent  for  an  iatprared 
mode  of  panog.  Hie  patentee  propoaed  to  lay  od  common  road*  contuioou* 
line*  of  granite  bloeki,  on  which  the  wheel*  of  carriagei  are  U>  ran  ;  the  npper 
nirfacM  are  to  lie  level  with  the  road,  the  nnder  miface  flat,  and  the  itonetare 
fitted  togetber  by  "  birdVmouth  joints."  E^h  (tone  i*  thui  lupported  by  the 
atonei  on  each  aide  of  it,  and  preTented  Arom  partial  depremou.     Whatever 


merit  may  be  due  to  Mr  Parkm*  for  the  method*  he  baa  niggeited,  ao  many 
and  BO  variou*  are  the  improvement*  in  pavement*  «nce  the  date  of  hi*  patent, 
that  it  ii  unnecetMkry  to  deecribe  more  minutely  the  leveral  mode*  by  which  he 
propoae*  to  connect  the  block*  of  *tone  tt^lher. 

[n  tbe  tame  year,  a  patent  wai  granted  to  Mr.  John  Lindaay,  of  the  Island 
of  Henn,  near  Guernsey,  for  certain  improvement*  in  paving ;  it  ii  described 
in  Vol.  XI.  No.  61,  of  the  i^ondon /oiinia/.  i^.SisBcrDss  section  of  the 
street ;  D  D  i*  a  properly-prepared  foundation ;  d  and  e  c  are  block*  of  smooth 
granite,    placed    langitudinalTv,  and  parallel  to  each  other,  for  the  carriage 
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irhceU  ;  d  rl  are  also  atone  blocki,  with  trenches  In  theu  upper  surfaces,  to  serve 
B3  draJDi  for  auTrscc  moisture  or  ndo.  The  inlermediate  apauei  eeec  ore  filleil 
up  by  common  paving  iloncs,  with  their  broadest  surracei  dovawaidl,  the 
inUrelices  to  he  filled  with  granite  chips  or  cemenl.  The  central  line  orgrauile 
blocks  !i  is  to  be  sufficiently  broad  to  allaw  two  carriftgea  to  pais ;  snd  the  side 
blocks  c  c  ore  only  required  to  be  wide  enough  for  one  wheel  to  run  on.  Upon 
the  kerbs,  carriagea  with  heavy  loads  will  pass  with  ease,  and  comparatively 
little  labour  to  the  horses.  Mr.  Lindsay's  plan  ofprepsTiDg  the  foundation  for 
the  reception  of  the  blocks,  it  is  unnecessaiy  to  detail ;  and  we  believe  the 
method  of  fastening  the  blocks  by  cramps  or  bars  of  iron,  has  been  long 
known,  and,  in  rnsny  cases,  acted  upon.  Thaugb  we  conceive  his  invention  to 
possess  but  little  novelty,  the  patentee  deserves  credit  for  atUmpliKg  to  improve 
□ur  street  pavement;  bo  valuable,  as  we  have  before  observed,  in  ■  smooth 
and  solid  roadway,  that  every  suggestion  for  its  attainment  is  entitled  to 
respect 

Mr.  H.  T.  Cassell  of  MiU  Wall,  Poplar,  has  obtained  a  patent  for  a  bitu- 
minous compolilion,  called  hy  him  "  lava  atone."  The  patentee  describes  the 
merits  of  the  invention  to  consist  in  .the  discovery  of  a  mode  of  combining 
certain  materials  to  form  a  species  of  stone  uniting  the  advantages  of  metal 
with  those  of  stone.  The  properties  of  this  atone  are  durability  and  toughneaa. 
It  does  not  absorb  water,  and  is  a  non-conductor  of  heat.  Each  of  these  pro- 
perties can.  in  the  process  of  comhinatiun,  be  increased  or  diminished,  to  suit 
the  purposes  for  which  the  stone  is  intended.  In  paving  a  street,  the  following 
method  is  puraued: — Instead  of  disturbing  the  hatlom.  it  is  to  be  couaolidated 
by  picking,  taking,  and  rolling.  A  coaling  of  bituminous  lava  ia  then  run 
over,  and  the  whole  rendered  impervious  to  water.  This  coating  Is  then  to  be 
paved  over  with  granite  stones  of  the  usual  deacriplioii,  and  the  interstices  an 
to  be  filled  in  with  hot  bituminous  lava, 

ROOF.  The  top  covering  to  a  house  or  other  building :  in  which  sense  it  com- 
prises the  timber  work,  slate,  tile,  lead,  with  whatever  else  is  necessary  to  form 
and  complete  the  whole.  Roofs  are  of  various  forms.  First,  tlie  poinlcJ  roof, 
in  which  the  ridge,  or  the  angle  formed  hy  two  rniiers  at  the  point  at  top  where 
they  meet,  is  an  acute  angle.  Secondly,  ihe  igaart  roofi  in  which  the  angle  at 
the  ridge, formed  as  above,  is  a  rigiil  angle.     Thirdly,  the  flat  roof,  or  rattier 


ptdlment  roof,  which  has  the  angle  at  the  ridge  more  or  less  obtuse.  There  are 
various  other  forms,  as  the  hip-roof,  ihe  vallry-roof,  the  liopper-roof,  the  salt- 
hox  roof,  the  round  roof;  and  when  the  covering  of  a  building  isflat.  il  is  deno- 
minated a  platform,  technically,  and  not  a  roof.  !■  or  a  full  and  hiact  deicription 
of  every  kind  of  roof,  we  must  refer  the  reader  to  Nicholson's  Prarlicat 
Builder,    contenting   ourselves   by   presenting   to   him  a  very   elegant   Biid 
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•eoDoiiiical  airangement  for  m  pediment  rooC  reeendy  deaigaed  by  A.  Hr 
HeuldtviHrUiy  Eiq.,  for  the  presentation  of  •  model  of  whidi  to  the  Society  of 
Arttf  Are.,  that  gentleman  was  awarded  an  honorary  medal.  It  is  represented 
intlMeot 

The  adTantagea  which  this  method  afibrds,  are,  die  saving  of  a  considerable 
pioportion  of  the  timber  nsoally  employed,  and  the  gaining  for  useful  purpoeee 
the  whole  QMiee  that  is  eontanied  within  the  roof.  Mr.  Honldsworth  constructed 
a  loof  of  ti£is  kind  over  the  dwdlinff^houae  of  a  fiiend  of  his,  and  notwitk- 
standing  hit  walla  wen  only  six  foot  imove  his  upper  floor,  he  has  obtained,  in 
consacmeBee^  good  lofty  rooms,  whilst  the  outside  of  his  house  appears  very 
low;  his  bans,  hi^ofts,  fcc,  are  built  upon  the  same  plan.  A  A  represent 
the  waDs  of  the  house,  and  B  one  of  the  timbers  of  the  uppermost  floor,  resting 
OM  die  sleepers//  wMch  are  let  into  the  wall;  over  two  ower  sleepers,  laid  in 
die  tap  of  the  wul,  are  fitted  two  pieces  of  wood,  D  D.  The  principal  rafters 
C  Cf  forming  each  pair,  are  then  secured  at  the  bottom  into  the  pieces  D  D,  and 
an  £utened  to  each  odier  at  the  top  by  iron  pins.  Each  pair  of  the  principal 
nttkn  C  C  is  supported  by  two  arcn  pieces  E  E ;  these  pieces  are  in  iknrgrtum^ 
and  are  formed  on  the  plan  recommended  by  Mr.  Hookey,  of  the  King's  Yard, 
at  Woolwich,  to  whom  the  country  is  so  much  indebted  for  this  mode  of  con- 
verting the  timber.  They  are  cut  lengthwavs,  by  a  saw,  into  diree  pieces,  to 
within  two  feet  of  one  end ;  are  then  placed  in  a  steam-kiln,  and  boiled  until 
th^  will  bend  freely,  when  they  are  fixed  to  a  mould  and  left  to  cool ;  after 
which  a  few  pins  of  wood  are  driven  through  them,  to  keep  the  pieces  so  cut 
from  again  flying  open.  The  arch  pieces  will  get  a  litde  out  of  shape  when 
taken  ^om  the  mould,  but  will  be  easily  brought  back,  and  when  secured  under 
the  prineipel  rafters,  will  fit  the  more  firmly.  The  lower  ends  of  these  arch 
pieces  are  inserted  in  the  beam  B  of  the  floor,  and  therein  firmly  pinned,  while 
at  the  top  they  cross  one  another,  and  each  butts  against  its  opposite  rafien 
They  are  forther  secured  by  iron  stnps  to  the  short  pieces  D  D,  on  which  the 
prineipal  rafters  rest,  thus  preventing  the  latter  from  sinking,  anddimstingout 
the  walls,  and  making  the  whole  a  stiff  and  complete  ihuning,  on  which  the 
longitudinal  rafters  and  transverse  pieces  are  fostened  in  die  uraial  manner. 

The  roofs  of  bams  or  other  buildings  that  have  only  a  ground  floor,  may  bo 
constructed  in  the  same  way,  care  being  always  taken  to  bring  the  feet  of  the 
areh  pieces  so  hx  down  the  wall  as  to  give  them  a  firm  bearing. 

Mr.  Honldsworth,  having  already  constructed  several  roofii  of  great  widths  on 
the  plan  described,  expresses  his  entire  confidence  of  being  able  to  apply  the 
same  principle  to  a  roof  of  any  given  span,  for  which  timber  of  sufiicient  length 
could  be  procured.  This  elegant  improvement,  which  does  away  with  all  those 
inconvement  timbers  in  roofs  of  the  ordinary  construction,  called  king^posts, 
queen-posts,  braces,  &c.  ftc,  consequently  leaves  the  whole  space  (as  before 
observed),  which  is  usually  employed  to  no  useful  purpose,  for  the  making  of 
good  lof^  rooms,  besides  effecting  a  considerable  saving  on  timber.  Numerous 
examples  of  the  modes  of  trussing  girders  for  roofs  are  given  under  the  article 
Beam. 

ROPE-MAKING.  The  art  of  forming  fibrous,  flexible,  and  tenacious  sub- 
stances into  cordage.  The  principal  aim  of  the  ropemaker  is  to  unite  the 
strength  of  a  great  number  of  fibres.  This  would  be  done  most  effectually, 
were  the  fibres  long  enough,  by  laying  them  parallel  to  each  other,  and  fastening 
the  bundle  at  each  end.  They  must  therefore  be  combined  together  in  such  a 
manner  that  the  strength  of  any  single  fibre  shall  be  insufficient  to  overcome 
the  resistance  of  the  friction  occasioned  by  the  entanglement,  but  rather  break : 
and  this  effect  is  found  to  be  produced  most  easily  by  twisting  them  together,  so 
that  they  shall  mutually  compress  each  other.  On  the  other  hand,  a  skein  may  be 
twisted  so  hard,  that  any  attempt  at  fiirther  twbting  will  break  it ;  such  a 
skein  can  have  no  strength  to  support  a  weight,  each  fibre  being  already  loaded 
as  much  as  it  can  bear,  and  there/ore  any  weight  added  would  break  iu*  What- 
ever force  u  actuaUy  exerted  by  a  twisted  fibre,  in  order  that  it  may  sufiiciendy 
compress  the  rest  to  hinder  them  from  being  drawn  out,  must  be  considered  as 
a  weight  hanging  on  that  fibre,  and  must  be  deducted  from  its  absolute  strength 
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of  cohesion  before  tbe  (trfngtli  of  the  ikeiD  on  be  nlimated.  Tt 
the  ikein  is  evidently  Uie  remainder  of  the  absolute  itrengtb  of  t) 
the  force  exerted  in  Iwisting  them  hu  been  deducted.  Heoce  arises  that  faa- 
dBmeatal  principle  in  rope-making,  namely,  that  all  taisdng  beyond  what  is 
necessary  for  preveutjng  the  fibres  from  being  drmwn  out  without  breaking, 
diminiihes  the  ilrengtii  of  the  cordafe,  and  is,  therefore,  to  be  avoided,  lliua 
il  ii  necessary  to  tvut  the  fihres  of  hemp  together,  in  order  to  make  a  straiid  ; 
but  Ilriiling  is  Dot  all ;  something  must  he  done  to  preTeot  the  ikein  from 
vain  untvisling  as  soon  as  il  is  let  loose  from  the  haad ;  some  method  must  hr 
adopted  to  make  the  tendeney  to  untcist  in  one  part,  act  against  and  counler- 
baiance  the  like  tendency  to  untiriil  in  another :  in  the  properly  accompliahing 
this,  consist!  one  ot  the  principal  difficulties  of  rope-making.  The  f^loiring 
obserralioni,  for  dibtinelneia'  sake,  apply  chiefly  to  the  larger  cordage,  such  aa 
forms  the  standing  and  running  rigging  of  a  shipj  hutlhey  are  easily  ettended, 
wiih  proper  modifications,  lo  tbe  smaller  kinds. 

The  lirst  part  of  the  rope-making  process  consists  in  twisting  the  hemp ;  that 
ia,  making  rope-yarDS.  These  are  spun  in  various  ways,  according  to  the  DBtiare 
of  the  machinery  employed,  and  the  cordage  lo  be  made.  A.  slip  of  le**l 
ground  i>  enclosed,  of  aboul  600  feet  lon^.  of  a  breadth  tufiieient  lo  cotilBiii 
the  number  of  machines  employed,  a»d  either  covered  vilh  a  slight  roof,  or  left 
open  at  top.  A  spin ning-vli eel  is  set  up  at  the  upper  end  of  (his  walk.  Tbe 
band  of  tliil  wheel  goes  o*er  several  rollers  called  whirU,  luming  on  pirota  ja 
brass  holes.  The  pivots  at  one  end  come  through  the  frame,  and  terminate  in 
litlle  hooics.  Tbe  wheel  being  turned  by  a  winch,  gives  motion  to  all  these 
whirl!.  Tlie  spinner  has  a  bundle  of  dressed  hemp  round  hii  mist,  laid  in  tbe 
lame  way  that  women  spread  the  flax  on  the  distaff.  He  draws  out  a  proper 
number  of  fibres,  twists  them  with  his  fingen,  and  affiles  them  to  the  book  of 
a  whirl.  The  wheel  is  now  turned,  the  ikein  is  twisted,  becoming  what  ia 
called  a  rope-yarti,  and  the  spinner  walks  backwards  down  the  rope-walk.  Tlie 
spinner  supports  the  yarn  in  one  hand  (protected  by  a  wetted  piece  of  coarte 
clolb  or  flannel),  while  with  the  other  be  regulates  the  quantity  of  fibrel  drawn 
from  die  bundle  of  hemp  by  the  motion  of  the  twisting  yam.  The  grealrst 
fault  that  can  be  committed,  is  to  allow  a  small  ihreadto  be  twisted  off  from 
one  side  of  the  hemp,  and  ihen  to  eover  this  wiih  hemp  supplied  from  the  other 
sidei  for  il  ii  evident  that  the  fibres  of  the  ceotral  tliread  make  very  long 
ipirala,  while  tbe  skein  of  the  fibres  which  covers  il  must  be  much  more  oblique. 
This  covering  has  but  litlle  connexion  with  what  is  below  it.  and  wilt  easily  be 
detached.  But  even  while  it  remains,  the  yam  cannot  be  strong,  for  ua  pufling 
it,  the  middle  part,  which  lies  the  itraightesl,  must  bear  all  the  alrHiu.  Thia 
defect  will  always  happen  if  the  hemp  be  supplied  in  a  considerable  body,  to  a 
yam  that  is  then  spinning  small.  Inio  whatever  pari  of  the  yarn  it  is  made 
10  enter,  it  becomes  a  sort  of  loosely  connected  wrapper.  A  good  spinner, 
therefore,  endeavaui*  always  to  supply  tlie  hemp  in  the  form  of  a  thin,  flat  skein. 
The  degree  of  twist  depends  on  the  rata  of  the  wheel's  motion,  combined  with 
the  retrograde  walk  of  the  ipinner.  We  may  suppose  him  arrived  at  the  lower 
end  of  [he  walk,  or  as  far  as  necessary  for  the  len|;lb  of  the  yarn  ;  be  calls  out, 
and  another  spinner  immediately  detaches  the  yam  from  the  hook  of  the  whirl, 
gives  it  to  anoiher,  who  carries  it  aside  to  the  reel,  and  tills  seci'ud  ipinner 
nitaches  his  own  hemp  lo  the  whirl-hook.  In  the  mean  time,  the  first  spinner 
keeps  fast  hold  of  the  end  of  bis  yam  ;  for  the  hemp,  being  dry,  is  very  elastic, 
and  if  he  were  to  let  it  go  out  of  bii  hand,  il  would  instantly  untwist.  He 
wails,  therefore,  till  the  reel er  begins  to  turn  tbe  reel,  and  then  volksalowly  up 
the  walk,  keepiog  the  yam  of  an  equal  tightness  all  the  way. 

Rope-yarns,  for  large  rigging,  are  from  a  quarter  of  an  inch  to  somewhat 
more  ihan  the  Ibird  of  an  inch  in  circumference;  or  of  such  a  use,  that  160 
fathoms  of  while  yam  weigh  from  3^  lo  i  pounds.  The  number  of  yarns  in  a 
strand  of  cordage  varies  from  sixteen  lo  twenty-five.  The  yarns  are  made  into 
cords  of  any  length,  by  laying  Ihep ;  nnd  Ihal  we  mav  have  a  rope  of  any 
degree  of  strength,  roan^  yams  are  iinilcd  into  one  strand,  for  the  laine  reaaolt 
lliol  many  fibres  arc  united  into  one  yam. 


ROPE-MAKINO.  563 

The  proeett  for  laying  or  dosing  large  cordage,  ia  as  follows : — At  the  upper 
end  of  the  walk  is  fixed  a  tackle-board.  This  consists  of  a  strong  oaken  plank , 
called  a  fareast4xwrd,  having  seyeral  holes  in  it,  fitted  with  brass  or  iron  plates. 
Into  these  are  put  iron  cranks  called  heavers,  which  haye  forelocks  and  kejrs 
on  the  ends  of  their  spindles.  This  breast-board  is  fixed  to  the  top  of  strong 
posts,  and  well  secured  by  stmts  or  braces.  At  the  lower  end  of  the  rope-walk 
IS  a  similar  breast-board  nxed  to  a  movable  sledge,  which  may  be  loaded  with 
weights  when  necessary.  A  Tor,  which  is  a  truncated  cone,  having  scores  in 
its  sides  for  the  strands,  a  long  stafi^,  and  supported  on  a  sledge  or  carriage,  is 
placed  between  the  strand%  and,  when  necessary,  gently  forced  into  the  angle 
formed  bv  their  separation.  A  piece  of  soft  rope,  nlled  a  strap,  is  attached  to 
the  hanme  of  the  top,  by  the  middle,  and  its  two  ends  are  brought  back, 
wrapped  several  times  tight  round  the  rope,  and  bound  down.  The  yams  ore 
formed  into  strands,  each  of  which  is  knotted  apart  at  both  ends.  The  knots  at 
their  upper  ends  are  made  fast  to  the  hooks  of  the  cranks  in  the  tackle-board ; 
and  diose  at  the  lower  end,  to  the  cranks  on  the  sledge.  The  sledge  itself  is 
kept  in  its  place  by  a  tackle,  and  a  proper  weight  laidon  it  till  the  strands  are 
stretched  in  their  places.  The  tackle  is  now  cast  ofl^  the  cranks  turned  at  both 
ends,  and  as  the  strands  contract  by  the  operation,  the  sledge  is  dragged  up  the 
walk.  When  the  strands  are  sufficiently  hardened,  they  are  taken  off  the 
cranks,  the  cranks  taken  out,  and  a  very  strong  crank  put  m  the  centre  hole  of 
the  tackle-board.  To  this  all  the  strands  are  now  attached;  the  top  is  placed 
between  the  strands^  as  before  described,  and  the  heavers  at  the  tackle-board 
and  sledge  continue  to  turn  as  before.  By  the  motion  of  the  sledse-crank,  the 
top  is  forced  away  firom  the  knot,  and  the  rope  begins  to  close.  As  this  advances^ 
the  rope  shortens,  and  the  sledge  is  dragged  up  the  walk.  The  top  moves 
faster,  and  at  last  reaches  the  upper  end  of  the  walk,  the  rope  being  now  laid. 

Such  is  the  general  and  essential  process  of  rope-making ;  and  in  the  course  of 
this  process,  it  is  in  our  power  to  give  the  rope  a  solidity  and  hardness  which 
makes  it  less  penetrable  by  water.  Some  or  diese  purposes  are  inconsistent 
with  others ;  and  the  skill  of  a  rope-maker  lies  in  making  the  best  compensatioB, 
so  that  the  rope  may,  on  the  whole,  be  the  best  in  point  of  strength,  pliancy, 
and  duration,  that  the  quantity  of  hemp  in  it  can  produce. 

The  following  rule  for  judging  of  the  weight  which  a  rope  will  bear,  is  not 
far  from  tlie  truth.  Multiply  the  circumference  in  inches  by  itself,*  and  the 
fifth  of  the  product  will  express  the  number  of  tons  which  the  rope  will  carry. 
Thus,  it  the  rope  have  6  inches  circumference,  6  X  6  =  36,  the  fifth  of  which 
is  7^  tons ;  apply  this  to  the  rope  of  3^  inches,  on  which  Sir  Charles  Knowles 
nuuie  his  experinienu,  3^  X  3^  =  10.25 ;  one-fifVh  of  which  is  2.05  tons,  or 
4,592  pounds.  It  broke  with  4,550.  This  may  suffice  for  a  general  account  of 
the  mechanical  part  of  the  manufacture :  but  we  have  taken  no  notice  of  the 
operation  of  tarring,  because  it  would  be  no  easy  task  to  enumerate  all  die 
various  methods  employed  in  different  rope^works.  It  is  evidently  proper  to 
tar  in  the  state  of  twine  or  yam,  this  bein^  the  only  way  in  which  tlie  hemp 
can  be  uniformly  penetrated  The  yam  is  made  to  wmd  off  one  reel,  and 
having  passed  through  a  vessel  containing  hot  tar,  it  is  wound  upon  another 
reel,  ana  the  superfluous  tar  is  taken  <^  b^  passing  through  a  hole  surrounded 
with  spongy  oakum ;  or  it  is  tarred  in  nkem^  or  hauls,  which  are  drawn  by  a 
capstera,  through  the  tar  kettle. 

Tarred  cordu^,  when  new,  is  weaker  than  white,  and  the  difference  increases 
by  keeping.  The  following  experiments  were  made  by  M.  Du  Hamel,  at 
Rochefort,  in  1743,  on  cord^  of  three  inches  (French)  in  circumference,  made 
of  the  best  Riga  hemp. 

Made  Jugwt  8,  1741. 

WhUe,  Tamd. 

Broke  with  4,500  pounds  ....    3,400  pounds 

,  ,        4.900 8,300      , , 

,,        4,800 3,250      ,, 


Uadr  April  is.  IT-I:i. 

Broke  Willi  4.fino  pountls.    .     .    .    3,500  pnund* 

,  ,         3,000 3,400      .  . 

Modt  Stpttmber  Z,  I71G. 

,  .         3,800 3,000  , , 

^.000     ......     2.700  ,  , 

, .         4,200 2,800  ,  , 

M.  Du  [laincl  asyi,  that  it  a  decided  by  experience,  lit.  Thai  wliUe  cordage 
in  continual  service  ii  ODe-lhird  more  durklJe  than  larred.  2il.  That  il  retains 
iu  force  much  longer  while  kept  in  alore.  3d,  That  il  reilit)  the  ordinary 
imuries  of  the  weather  otie-fourlh  longer.  Why,  then,  should  cordnge  be  tamd! 
The  aniwer  it,  Tbat  tarring  pteaervea  cablei  and  ground  tackle,  which  are 
greatly  exposed  to  the  alternate  action  or  water  and  air)  for  white  cmAuge, 
expoied  to  be  alternately  very  wel  and  dry,  ia  found  to  be  weaker  tliiui 
tarred  cordage;  and  lliat  cordage  which  is  luperlicially  tarred  ii  alwaya 
■tronger  than  nhat  ii  (arred  throughout,  and  resiais  better  the  allematlve*  of 
wet  and  dry. 

RULE.  An  inatmment  with  lines,  diviHoni,  and  numerala  marked  upon  it, 
of  the  grealeat  utility  in  meiiauralion,  Tliere  are.ofcoune,  numeroua  kinds 
adapted  to  their  peculiar  objecta.  TIii-  inott  extenuvely  uietiil  Is  unqueitiaD^ 
ably  the  carpenler'i  rule,  for  taking  lineal  meosurenienta,  which  ia  therefore 
divided  into  feet,  inchei,  and  vatioua  parts,  acolei  uf  proportion,  &c.  There  are 
vanoUB  sliding  mica,  lor  performing  compulalious ;  olhen  furnished  with  tables 
adapted  to  ihe  use  of  all  kinds  of  trades  and  mnnufeciures  as  well  as  pro- 
fesaional  persons.  For  mlea  especially  designed  fut  drawing  parallel  lines,  see 
P1KA1.LXL  Rum. 


SACCHAROMETF.R.  An  instrument  for  aacertaining  tbe  streoglh  of 
woTlB,  in  the  preparation  of  malt  liquor  for  beer  or  distilling  spirit ;  ita  oatnc, 
however,  siniply  implies  a  measurer  of  saccharine  matter  or  swecluesii.     See 

DlSTILLAttOH. 

SADDLE.  A  seat  placed  upon  a  hone's  back,  for  the  convenience  of  the 
rider.  Among  the  recent  patents  having  tliie  object  in  view,  we  ahall  mention 
the  leading  features  of  two  or  three  of  thcio. 

To  give  increaaed  elasticity  to  the  seals  of  saddles,  Mr.  Marah  employs  liiia 
wire  spiinga,  in  lieu  of  the  wool  and  other  materials  generally  used  in  stuffing 
tliem,  wbicb  are  apt,  by  the  compression  of  the  rider,  to  beEome  hard.  The 
springs  are  of  the  kind  used  in  garters  and  elastic  braces.  They  are  extended 
in  rows  from  the  fi'ont  to  the  back  of  the  saddle,  upon  the  ordinary  pnoklng, 
and  secured  by  aewing  their  ends  to  a  web  which  is  attached  to  the  saddle. 
When  ihis  is  done,  tbe  usual  coating  of  cloth  ii  put  over  the  wire  seringa, 
and  fastened  down  upon  the  covering  of  the  packing  below,  hy  stitching  in 
lines  at  small  distances  apRTt.  crosswise  of  the  saddle,  hy  which  means  the 
row!  of  wire  will  be  kept  alongside  of  each  other,  and  preventing  from  over- 
lapping. 'Ilie  external  covering  forming  the  seat  being  now  placed  over  tha 
springs,  and  finished  in  the  usual  way,  an  elastic  seat  ia  produced,  which,  it  is 
said,  ia  mucli  luperiot  to  any  kind  of  packing  before  used, 

Mr.  Heniy  Calvert,  of  Lincoln,  had  a  patent  in  183(1,  the  object  of  which 
was  to  avoid  the  inconvenience  and  danger  occasioned  hy  saddles  slipping 
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forward.  The  annexed  cut  reprefento  one  of 
Mr.  CalTert'i,  with  the  exterior  covor  and  flap 
removed  to  show  the  eonetmetian.      The  im* 

Jirorement  mainly  ooneitta  in  attaching  to  the 
ore  part  of  the  taddle-tree  an  eUutic  plate  of 
metal  extending  in  a  eloping  direction  towards 
the  front  of  the  nddle ;  it  it  confined  hy  two 
loops,  which  recrife  the  girth  strap;  the  proper 
shape  of  the  sweat-flap  is  also  shown.  The  small 
buckle  which  is  fixed  to  the  loose  end  of  the  girth 
is  drawn  up  to  the  small  strap  after  the  horse  is 
Eirthed.  The  front  girth  of  course  is  strapped 
nrst,  and  the  second  not  quite  so  tight  By  this 
arrangement  it  will  be  seen  that  the  saddle  is  kept 
in  ito  place  by  the  elasticity  of  the  metal  plate,  and 
that  it  cannot  move  forward  upon  the  horse  widiout 
the  girth  being  lengthened. 

Messrs.  Laurence  and  Rudder  had  a  patent  in  the  suoeeedine  year  for  **  an 
improvement  in  saddles  and  girths  by  an  apparatus  fixed  to  eiflier  of  them  ;  " 
the  object  of  which  was  to  give  to  saddle-girths  an  elasticity  to  preserve 
sufiiclent  tension  under  the  varying  dimensions  of  the  animals  to  which  they 
may  be  applied.  Saddle-girths»  for  instance,  that  have  been  put  on  immediately 
after  the  borse  has  been  fed,  must  either  be  made  inconveniently  tight  at  first, 
or  else  thev  will  become  inconveniently  loose  as  the  sixe  of  the  animal 
diminishes  by  the  digestion  of  his  food,  llie  patentees  denominate  thdr  girths 
the  eonstridor  girths,  and  they  are  made  by  attaching  to  the  saddle-tree  by  a 
pair  of  hin^  a  small  shallow  brass  ease  containing  a  aeries  of  grasshopper 
springs,  and  behind  the  springs  is  a  movable  plate,  to  which  the  girth-strapa 
are  atteched  in  such  manner  that  when  the  movable  plate  is  pulled  down  by 
the  gtrth-straps  the  springs  are  o^psed,  or  brought  into  a  positioo  to  exert 
their  dastidty  in  preserving  the  tightness  of  the  girth. 

SAFFRON,  llie  stigmata  of  the  crocus  officinalis,  dried  on  a  kiln,  and 
pressed  into  cakes.  The  best  saffiron  has  the  broadest  Uades^ — this  being  the 
mark  by  which  English  safiron  is  diitineuished  from  the  foreign ;  it  ougnt  to 
be  of  an  orange  or  fiery-red  colour,  and  to  yield  a  dark  yellow  tincture ;  it 
should  be  chosen  fresh,  not  above  a  ytai  old,  in  dose  cakes,  neither  dnr  nor  yet 
very  moist,  tough  and  firm  in  tearing,  of  the  same  colour  within  as  without,  and 
of  a  strone,  acrid,  difiusive  smell.  This  dn^  has  been  reckoned  a  very  elegant 
and  usefiiT  aromatic  ;  it  imparto  the  whole  of  its  virtue  and  colour  to  rectified 
spirit,  proof  spirit,  wine,  vmegar,  and  water.  A  tinctore  drawn  with  vinegar 
loses  greatly  of  its  colour  in  keeping ;  the  watery  and  vinous  tinctures  are  apt 
to  grow  sour,  and  then  lose  their  c<uour  also ;  that  made  in  pure  spirit  keeps  m 
perfection  for  many  years. 

SAGO.  A  nutritive  substance,  brought  from  the  East  Indies,  of  considerable 
use  in  diet  as  a  restorative.  Sago  is  procured  firom  a  tree  called  landau,  growing 
in  the  Moluccas :  this  tree  b  a  spedes  of  the  palm,  which  grows  naturally  in 
Japan,  and  upon  rocky,  dry  mountains  in  Malabar,  and  its  production  is  an 
universal  article  of  food  among  the  inbabitante  of  Amboyna,  Coram,  Celebes, 
and  the  surrounding  islands  east  of  Celebes,  and  also  in  Borneo.  The  progress 
of  its  vegetation,  in  the  early  stages,  is  very  slow  :  at  first,  it  is  a  mere  shrub, 
thick  set  with  thorns,  which  make  it  difficult  to  come  near  it ;  but  as  soon  as 
its  stem  is  once  formed,  it  rises  in  a  short  time  to  the  height  of  thirty  feet,  is 
about  six  feet  in  circumference,  and  imperceptibly  loses  ite  thorns.  Its  ligneous 
bark  b  about  an  inch  in  thickness,  and  covers  a  multitude  of  long  fibres,  which, 
being  interwoven  one  with  another,  envelope  a  mass  of  a  gummy  kind  of  meal. 
As  soon  as  this  tree  is  ripe,  a  whitish  dust,  which  transpires  through  the  pores 
of  the  leaves,  and  adheres  to  their  extremities,  proclaims  ite  maturity.  The 
Malays  then  cut  them  down  near  the  root,  divide  them  into  several  sections, 
which  they  split  into  quarters ;  they  then  scoop  out  the  mass  of  mealy  sub- 
stance, which  is  enveloped  by,  and  adheres  to,  the  fibres ;  they  dilute  it  in  pure 
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watfT,  and  tlien  pus  it  through  a  ^training  hag  of  Rue  cloth,  in  order  to  lepsrate 
it  from  the  fibres.  When  this  paste  bai  loat  part  of  iti  moisture  by  evaporalion, 
the  Malays  tlirutr  it  into  a  kind  of  earthen  vesaeli,  of  diHerent  shapes,  when 
tbey  allov  it  lo  dry  aiul  harden.  This  paale  is  ■  wholesome.  uourisLiag  food, 
and  may  be  preserved  for  many  years  ;  the  Indians  eat  it  diluted  vith  water, 
and  sometimes  bated  or  boiled :  a  jelly  is  aomettmes  made  of  il,  which  is  white 
and  of  a  delicious  flavour.  Tlie  tineit  port  of  the  meal  i>  mixed  with  water,  and 
the  paste  is  rubbed  into  little  round  grains  like  small  Kbot,  and  dried.  Tliti  is 
Ibe  sago  oflbe  shops. 

SAL.  The  Latin  name  for  sail,  commonly  adopted  in  chemical  laoguage 
as  in  the  fotlowiiig  examples,  which  require  explanations  : — 

Sal-a!tmbrotk,  a  compound  muriale  of  mercury  and  ammonift. 


Sal. 


eofai 


r  alkaline  s 

0  pan,  and  producing 


Sal-ammaaittc,  tecnt.  sulphate  ofar 

Sal  lie  Duobui,  nilpbale  of  potash. 

Sal-gtm,  DBlive  muriate  of  soda. 

Sal-marlU,  green  sulphate  of  iron* 

Sal-pnmelia,  nitrate  oFpotasb.j 

SALIFIABLE   BASES.     Those  metallic,  earthy,  • 
which  Lave  the  power  of  neutralizing  acidity  eutircly  or  it 
■alls. 

SALT.  A  term  commonly  used  in  chemistry  lo  denote  a  compound  In 
definite  proportions,  formed  by  the  union  of  an  acid  with  an  idkaline,  vnilhy, 
or  metallic  base.  We  have  already  given  a  bnef  enumeration  uf  some  of  tbe 
most  remarkable,  under  tbe  article  Ckeuistrt.  In  coDscqueoce,  bowerer,  of 
llie  progressive  discoveries  which  for  the  last  half  century  have  been  conlinually 
made,  and  are  still  making,  in  chemistry,  many  deductions,  which,  at  the  lime 
they  were  made,  were  considered  aa  conclusive  facts,  have  since  been  either 
wholly  abandoned,  or  subjected  to  considerable  modifications.  A  salt  has 
niually  been  denominated  by  chemists  a  neutral  salt,  when  the  proportions  of 
the  constitucna  are  so  adjiuled,  that  the  residling  substance  does  not  aflect  the 
oa!our  of  inHisJon  of  litmus  or  red  cabbage.  U'hen  the  predominaucy  of  acid 
is  evinced  by  ibe  reddening  of  these  infusions,  the  salt  is  said  to  be  acidulous, 
and  the  prehx  taper,  or  bi,  is  used  to  indicate  the  excess  of  acid  :  thus  we  call 
one  particular  salt  super-tartrate  of  potash,  and  another,  bi-sulpbate  of  lime, 
where  the  acid  exists  in  excess.  Hut  wben,  on  the  contrary,  the  acid  matter  is 
in  [DO  small  a  quantity  to  completely  neutralize  the  alkalbity  of  the  base,  ihc 
salt  is  said  to  be  with  an  excess  of  base,  and  the  prefix  tub  is  attached  to  ila 
name  1  thus  we  hare  the  sub-phosphate  of  bismuth,  &c. 

Tbe  commercial  name  of  a  salt  difiers  from  that  bv  which  it  is  known  Ut 
eheinistt:  it  may  therefore  be  proper  to  show  what  kinds  of  salt  arc  to  beunder- 
itood  by  the  popular  namei  which  they  bear  in  the  shops. 

Ammoniaail  Mixid  Sail,  muriate  of  lime. 

jiimoniacal  Secret  Sail  of  Glauber,  aidphale  of  ammouia. 

jirieiiieal  Niittral  Sail  of  Macguer,  Buper-arseniate  of  potash. 

Hitter  Calliarlic  Salt,  sulphate  of  magnesia. 

Common  TabU  Salt,  muriate  ^f  soda. 

itate  of  potash. 


)f  potaih. 
.e  of  soda  a; 


Digeilise  Salt  of  Sylvirn, 

Eptom  Sail,  sulphate  of  magnesia. 

Febrifngr  Sail  of  Sylviat,  muriate  i 

Ijuible  Salt,  pliosphate  of  ammonii 

Fuiible  Salt  of  Vrine.  triple- pliospli 

Glauber'i  Salt,  sulphate  of  todo. 

Marine  Sail,  muriste  of  soda. 

Marine  jtrgiUaeeoia  Salt,  muriale  of  alumina. 

Microcaenie  Salt,  triple- phosphate  ofsoda  and 

A'ilroui  Ammmiacal  Salt,  nitrale  of " 

Sail  of  Amber,  succinic  acid. 
Sail  of  Bentoin,  benzoic  oi^id. 
Sail  of  Canal,  sulphale  of  magnesia. 
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Sdt  €f  CokMm^  folpbate  of  iron. 

StditfEgra^  sulphate  of  magnesia. 

JEiiSima/  Stit  nfLemom^  super-ozalate  of  potasli. 

SaU  cfSaimnh  acetate  of  lead. 

StUi  ^SeidtiiMp  sulphate  of  magnesia. 

Salt  ofSeigtuUe,  tnple-tartrate  of  potash  and  soda. 

Sak  if  SodOf  sub-carbdhate  of  soda. 

Sidi  of  Sorrel,  Miper-ozalate  of  potash. 

Soli  ^Tartar,  snb-carbonate  of  potash. 

SaU  if  Fiiriolt  purified  sulphate  of  sine. 

SaU  ^  Wi§damf  a  compound-muriate  of  mercury  and  ammonia. 

PerUie  Stdt,  phosphate  of  soda. 

FAekrtti  Stikof  Olmihtr,  sulphate  of  potash. 

StdaikH  Sak,  boraeic  acid. 

Mni  ^Svk^  muriatic  add. 

Ai^tovoM  S^  qfSUM,  sulphate  of  potash. 

IFswAiyW  SqU,  sulphate  of  soda,    , 

WmdeHul  PerUUe  SaU,  phosphate  of  soda.1 

Salt,  Vuimary;  is  in  chemical  language  the  muriate  of  soda:  but  according 
to  recent  disooTeries,  a  chloride  of  somum,  being  a  compound  of  chlorine^  with 
the  metaDie  base  of  soda.  This  salt  is  obtained  by  a  Tariety  of  methods.  It  is 
either  dog  out  of  the  earth  in  a  solid  form,  and  dissolved,  purified,  and  evapo- 
rated ibr  use ;  or  seapwater  is  evaporated,  either  hy  natmral  or  artificial  means^ 
and  sah  is  obtained  from  the  purified  residuum.  The  most  abundant  supply  of 
roek-aalt  in  this  country  is  obtained  firom  the  mines  in  Cheshire,  where  the 
brine  is  pumped  up  firom  the  brine-pits,  saturated  with  rock-salt,  and  then 
boiled.  One  hundred  tons  of  the  saturated  solution  of  rock-salt  in  sea-water 
win  be  found  to  yield  about  twenty-three  tons  of  salt. 

The  celebrated  mines  of  Poland,  whence  the  rock-salt  has  been  continually 
abstracted  in  immense  quantities  for  a  period  of  upwards  of  ^iVe  hundred  years, 
where,  at  times,  they  have  20,000  tons  ready  for  sale,  is,  however,  not  so  pro- 
ductive as  those  in  Cheshire.  At  Cordova,  in  Spain,  there  is  a  mountain  of 
pure  rock-salt,  from  400  to  500  feet  high,  and  a  lesgue  in  circuit ;  the  depth 
below  the  surface  of  the  ground  is  unknown.  In  Louisiana,  near  the  river 
Missouri,  there  is  said  to  be  a  mountain  of  pure  rock-salt  of  the  best  quality, 
which  is  80  miles  long,  45  miles  wide,  and  of  an  immense  height. 

The  waters  of  the  ocean  every  where  abound  with  common  salt,  though  in 
different  proportions :  the  average  has  been  calculated  to  be  about  one-thirtieth 
of  its  weight.  In  the  cold  climates,  the  quantity  of  salt  in  the  sespwater  does 
not  appear  to  be  nearly  so  great  as  between  the  tropics.  In  Russia,  and  other 
northern  countries,  the  salt  is  usually  obtained  from  the  sea-water,  by  freezing 
the  latter ;  the  ice,  which  is  nearly  fresh,  being  then  removed,  the  remaining 
brine  is  very  strong,  and  is  subsequently  evaporated  by  boiling.  In  the  southern 
parts  of  Europe,  and  other  warm  countries,  the  usual  mode  of  obtaining  the 
salt  is  by  spontaneous  evaporation.  A  flat  piece  of  ground  near  the  sea  is 
chosen,  and  banked  round,  to  prevent  its  being  overflowed  at  high  water.  The 
space  within  the  banks  is  divided  by  low  walls  into  several  compartments, 
which  successively  communicate  with  each  other.  At  flood  tide,  the  first  of 
these  is  filled  with  sea- water ;  which,  by  remaining  a  certain  time,  deposits  its 
impurities,  and  loses  part  of  its  aqueous  fluid.  The  residue  is  then  suffered  to 
run  into  the  next  compartment,  and  the  former  is  filled  again  as  before.  From 
the  second  compartment,  after  a  due  time,  the  water  is  transferred  into  a  third, 
which  is  lined  with  clay,  well  rammed  and  levelled.  At  this  period,  the  evapo- 
ration is  usually  brought  to  that  degree,  that  a  crust  of  salt  is  formed  on  the 
surface  of  the  water,  which  the  workmen  break,  and  it  immediately  falls  to  the 
bottom.  They  continue  to  do  this  until  the  quantity  is  sufficient  to  be  raked 
out  and  dried  in  heaps :  this  is  called  baysalL 

In  several  parts  of  France,  and  on  the  coast  of  China,  the  sands  of  the  sea- 
shore are  washed,  and  the  brine  thus  obtained  is  subsequently  evaporated  in 
boilers.  In  various  places  of  Germany  and  France,  the  salt  waters  are  pumped 
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up  to  the  lop  of  very  cxtt^naire  sbeds,  tilled  with  btuihwoud,  over  wliicb  it  ii 
ilulj  dialribuled  by  ineariB  of  gutten,  vbence,  rolling  in  drops  rrom  (prig  to 
*prig,  s  rapid  evupoiatioti  takes  plnce  over  an  ininieDae  Burfsce;  the  same 
water  is  pumped  up  many  timca  before  it  ia  aufBciently  concenlratcd  to  bo 
drawn  off  into  boilers,  wbich  complete  tbe  operation.  See  an  Mcountof  seiteral 
worka  of  this  kind  in  Dr.  Ure's  Dictionary  of  Chemistry. 

Under  the  article  Evaporation,  we  have  given  several  ingenious  ill ustratioDi 
of  ihe  process  of  "  Salt-making."     In  lhi«  place  we  sball  add  a  notice  uf  two 

MesBT*.  Jump  and  Coarl't  patent  method  coniisti  in  concentrating  the  salt 
water,  by  a  simple  arrangement,  previoui  to  i(a  entering  the  pans.  For  this 
purpose,  the  reservoir  of  salt  nsler  ia  elevated  above  the  pans,  and  Ihe  pipe 
which  supplies  them  with  the  brine  first  pa«ies  through  all  the  Aimacea  beneaUi, 
which  brmgs  tlie  liquid  quickly  (o  a  bailitig  tempemture.  in  which  stale  it  is 
dischawed,  by  means  of  a  curved  pipe,  into  the  pans  above,  thereby  greatly 
facilitalmg  and  abridging  the  process  of  concenlration.  A  stop-cock  i>  placed 
in  the  supply-pipe,  so  that,  as  ollen  as  it  is  deiired  lo  repleniih  the  pan,  this 
cock  is  opened,  and  the  auperincumbenl  pressure  of  the  vater  in  the  reservoir 
forces  out  the  bailing  brine  from  the  pipe  into  the  pan,  the  pipe  receiving,  in 
lieu  thereof,  the  cold  liquid  from  the  reservoir. 

Mr.  Johnson,  of  Droitwich,  according  lo  his  patent  of  1S2T,  employs  steam 
of  diflereni  degreei  of  heal  to  produce  the  evaporation  in  pans  closed  from  tho 
atmosphere,  so  that  the  vapour  arising  from  Ihe  first  pan,  where  the_/fnii  sail  is 
produced.  U  employed  in  healing  the  second,  where  the  bruad  lalt  is  formed  : 
and  the  vapour  arising  from  the  latter  ii  employed  in  like  manner,  to  produco 
in  the  third  pan  British  bay-salt. 

A  sketch  of  ^le  steam  boiler  ii  represenled  in  the  annexed  drawing,  divided 
into  three   portions,  o,  b,  and  c;  and  itum  is  generaled  in  one   or  mora  of 


these  divisions,  according  to  the  ntpply  required.  When  tlie  iteani  In  a  la 
raised  lo  a  pressure  of  twenty- five  pounds  on  the  square  incli,  that  in  6  will  be 
twelve,  and  that  in  c  five  pounds.  When  only  one  of  (he  diriiioni,  a,  uf  m 
steam-boiler  about  ecventeen  feet  by  ten  is  employed,  it  will  heal  pans  to  die 
extent  of  2,100  square  feet  up  to  l&l*  Pahr.  ;  and  when  the  three  divliloni,  a, 
h.  and  c,  are  used  together,  an  extest  of  4>30U  square  feet  will  be  heated  to  the 
lame  temperature. 

The  steam  is  conveyed  In  a  pipe  Irom  the  boiler  to  a  steatn-vessel  t,  under 
Ihe  line  lall-pan  /.  This  pan  i)  made  steam-tight,  and  the  steam  arising 
therein  is  conveyed  by  a  pipe  to  a  umilsr  vessel  under  the  broad  snlt-pnn  t. 
Over  the  broad  salt-pan  k  is  placed  the  hay  salt-pan  m.  and  the  space  between 
them  is  enclosed  by  thin  bonrds.  or  other  light  matcriid,  lo  confine  ibe  vapour 
arising  from  k,  in  order  lo  produce  the  required  heat  in  the  pan  m.  This  pan 
is  made  lowest  in  Ihe  middle,  as  repreaenled  in  the  drawing,  so  that  water  con- 
ilensed  on  its  lowest  surface  may,  be  collected  in  one  place,  where  it  is  received 
■nd  carried  off  in  n  spout,  to  prevent  its  reluru  into  the  brine  in  the  lower 

The  patentee  considers  Tl  of  great  importance  to  keep  the  boHom  of  the  pana 
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dMT  of  Nit ;  and  Tot  tbtt  V^p>»e  cmploji  rakei,  which  ve  kept  coDttautljp  io 
motiaii  bv  « ilemm  engiDe.  TbeM  rakn  ttniont  the  uJl  b  rMcplkdei  at  the 
ridM  of  thB  p«w.  The  rodi  by  which  the  rtxe*  an  moTed  pan  through  ttnffing 
boxM  in  the  patu,  to  prevent  the  ttcwpe  of  iteBin. 

Mr.  FanuTal,  a  fpinted  maniifaetarer  of  lalt  oa  an  estennve  Male,  faai 
taken  oat  Mreral  natenti  Ibr  fin|irovementi  in  the  mechanical  arrangemeDti  of 
tiie  ^cocCM.  Hialaat  patent,  which  embodiea  the  teadiog  charadcriatiei  of  bit 
pievioiu  ptanti  muf  be  exfAaincd  with  nferenee  to  the  annezed  diagram,  which 


Kpreient)  a  mtical  lection  of  the  apparatna,  with  two  tien  of  pant,  aaaa 
are  four  fumacea,  the  fluei  tima  which  are  extended  nndat  a  coouderable  range 
or  nirhcB  of  the  pant,  which  ate  of  the  ihape  Tepre*ented  at  h  e,  the  deep  part 
c  being  made  to  receiTe  the  ult  thrawn  arer  by  the  ebnllilion,  and  alw  nich 
portion  a*  maj  be  acraped  from  the  Burface  of  6,  br  meani  of  the  Inrtniiaenli 
■hown  at  d  d.  The  deep  cbamben  being  removed  from  the  direct  action  of  the 
lire,  prevent  the  lalt  denoaited  therein  from  becoming  burned ;  and  theie  recep- 
tadei,  b«ng  at  the  aide*,  the  lalt  ii  conveniently  scooped  ouL  The  steam 
railed  from  the  lower  range  of  pane  la  then  employed  to  heat  an  upper  range 
e  e  of  leae  area,  aupported  upon  miCable  Iraming,  lined  interioHj,  to  confine 
the  iteam,  with  bomi.  In  order  ihat  the  water  reaulting  from  the  condeniation 
of  the  iteam  againit  the  bottoms  of  the  upper  pans,  may  not  fall  back  into  the 
tower  pans,  two  inctined  plane*  are  foimed,  which  receive  the  condensed  water, 
and  conduct  it  into  a  pipe,  whence  it  is  carried  off  by  a  gutter  nndemealh.  In 
theia  inclined  planes  suitable  apertures  are  made  for  the  passage  of  the  aicend- 
ingsteain  from  the  lower  to  the  upper  boilers. 

The  patentee  also  proposes  to  heat  a  third  set  of  pans  above  the  second ;  for 
this  purpose  then  is  a  central  aperture  to  conduct  the  steam  to  them;  this 
aperture  is  covered  with  a  cap. 

SAPPHIRE.  A  precioui  stone,  of  which  there  are  teveral  varieties;  next 
to  diamond,  it  is  considered  the  most  valuable  of  gems.  The  white  and  pale 
blue  varieties,  by  exposure  to  heat,  become  snow  white,  and,  when  cut,  exhibit 
to  high  a  degree  of  tuitre,  that  they  are  used  in  place  of  diamond.  The  most 
highly  prized  varieties  are  the  crimson  and  carmine  red ;  these  are  the  oriental 
nif  of  the  jeweller ;  the  next  is  lappiav;  and  last,  the  yellow,  or  oriental 
toMx,  The  asieriat,  or  star  stone,  is  a  very  beautiful  variety,  of  which  the 
colour  is  generally  violetred,  and  die  form  a  rhomboid,  with  truncated  apices, 
which  exhibit  an  opaleiceot  lustre.  A  sapphire  of  ten  carats'  weight  is  con- 
sidered to  be  worth  fifty  guineas.  An  erwatel  ncfry  of  thirty  carats,  without 
flaws,  and  of  a  perfect  edour,  is  considered  almost  as  valuable  u  a  diamond  of 
the  same  weight. 
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SARDONYX.  A  precious  alone,  coimwling  of  a  mixlure  of  chnkedriny  wid 
cnrnelUn,  ■omEtiniet  in  Rtrals,  but  at  otlier  times  blended  together.  It  u  ^und. 
first,  ilriped  vilh  irbite  and  red  Hnita,  whieb  may  be  cut  iu  cameo  bi  well  « 
the  on^x.  Second;  oblte,  witii  red  denttiticnl  figurca,  much  resembling  the 
mocha-itone,  excepting  that  llie  figure!  in  (he  latter  aie  of  a  black  colour,  in- 
■tcad  of  a  red.  There  is  no  real  (lifierpnce,  except  in  (he  circumiiaoee  of 
hnrdcesa,  belneen  the  onyx,  cornelian,  chalcedony,  sardonyx,  and  agate,  aM- 
withstanding  the  different  namca  bestowed  upon  them.  Tbisilone  was  farmerlj 
much  employed  for  the  sculpture  of  cameos. 

SARSAPARILLA.  A  medicinal  root,  obtained  from  Peru;  ii  consists  of  a 
great  number  of  long  strings,  banging  fntm  one  head ;  they  are  given  in  decoc- 
tion, as  a  diet  drink. 

SASSAFRAS.  The  wood  of  an  American  tree,  of  the  laurel  kind,  impotled 
in  large  straight  blocks;  it  is  said  to  he  "  warm,  aperient,  and  corroboiant." 
and  to  be  often  successfully  employed  in  purifyinf"  the  blood,  for  which  purpote 
an  infusion.  In  (he  way  of  tea,  ■■  a  very  pleasant  drink ;  its  oil  is  fragrant,  and 
poE«GsseB  must  of  the  virtues  of  the  wood. 

SATJN.  a  kind  of  silken  stuff,  very  smooth  end  shining.  The  woof  is 
coane,  end  bidden  andemeath  the  «arp,  which  ii  fine,  and  stands  out,  and  on 
ibis  depends  its  gloss  and  beaulv. 

SATURATION.  The  act  of  imbibing  till  no  more  can  be  received.  A 
fluid  that  holds  in  solution  as  much  of  any  substance  as  it  can  dissolve,  is  Mid 
to  be  saturated  with  it.  But  saturation  with  one  substance  does  not  deprive 
the  Suid  of  its  power  of  acting  on,  and  diisolving  some  other  bodies,  and  in 
many  cases  it  increases  this  power-  For  example,  iraler  saturated  with  common 
salt  nill  dissolve  sugar;  and  water  saturated  nilh  carbonic  acid  will  dissolre 
iron,  though  nithout  this  addition  its  action  on  Ibis  metal  is  scarcely  perceptible. 
The  word  taluralion  is  likewise  used  in  another  lenic  by  chemists :  the  union 
of  two  principle!  produces  a  body,  the  properties  of  which  differ  from  those  of 
its  component  parts,  but  retcmhle  those  of  the  predominating  principle.  Wheu 
the  principles  are  in  such  proportion  that  neither  predominates,  they  are  said 
to  be  saturated  with  each  other;  but,  if  otherwue,  the  more  predominant 
principle  is  a^d  to  be  sub- saturated,  or  under-saturated,  and  the  other  super- 
saturated, or  over-saturated. 

SAW'S,  AND  ^SAW-MILLS.  A  saw  is  a  cutting  instrument,  with  n  aer- 
rated  edge;  a  savr-mill.  a  machine  or  building,  wherein  several  or  many  of  these 
instruments  are  actuated  by  horse,  wind,  sleam,  nater,  or  other  power. 

It  was  not  until  the  seventeenth  century  that  saw-mills  were  intfodueed  into 
England,  attended  with  the  moat  violent  opposition  from  the  sawyers,  who 
apprehended  they  would  be  the  means  of  depriving  them  of  their  subsistence. 
Some  that  were  undertaken  were  abandoned  al  the  outset,  and  others  were 
destroyed  by  the  populace. 

Tlie  saw-mills  of  the  present  day  are  of  (wo  distinct  kinds;  the  circular, 
those  that  cut  by  a  continuous  rotatory  motion,  and  the  reciprocating,  which 
operate  as  the  common  pit  or  frame-saw.  The  circular  law-miUt  are  for  the 
most  part  used  for  cutting  up  timber  of  small  dimensions;  and  the  reajrroeatatg 
for  laige  limber,  in  forming  beams,  raftera,  planks,  &c.,  out  of  large  Itrober. 
The  most  important  machinery  of  the  kind  was  erected  by  Mr.  Brunei,  at 
PortiiDoulb,  to  whom  the  mechanical  world  is  indebted  for  many  important 
inventions  and  improvements. 

Sawi  are  made  of  a  great  variety  of  forms  and  sizes,  lo  adapt  them  to  the 
materials  on  which  they  are  designed  to  operate.  The  most  cum^non  are  those 
used  b^  carpetileri,  who  require  in  oidbary  no  less  than  ten  different  saw* ; 
namely,  a  rroH-cuI  saw,  for  dividing  a  tree  or  log  transversely,  by  mean*  of 
two  workmen,  one  on  eachaide,  who  alleruately  pull  the  saw  towards  them,  the 
teeth  being  mode  (o  cut  equally  in  each  direction;  a  pil-taie,  for  sawing  the 
logs  up  into  planks  or  scantlings,  the  operation  being  performed  in  a  pit  bj 
a  vertical  motion  of  the  saw,  and  usually  by  a  class  of  workmen  called  sawyers; 
a  large  ,^me-finD,  which  is  a  san-plaie  live,  six,  or  seven  feet  long,  stretebcd 
in  a  frame,  and  uied  to  cut  limber  longitudinally  with  greater  nicety  than  the 
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pU'tttw;  A  rtpprnff-ioWf  which  is  a  hand-saw,  with  a  blade  twenty-eight  or 
thirty  inches  long,  and  having  large  teeth  for  ripping,  or  cutting  out  stuff* 
coarsely  and  quickly;  aharu^tctw  (peculiarly  so  denominated),  usually  provided 
with  a  twenty-six  inch  blade,  and  angular  teeth,  five  to  the  inch ;  a  panel-tow 
is  the  same  as  the  hand-saw,  but  with  finer  teeth,  (seven  or  eight  to  the  inch,) 
for  cutting  stuff  very  clean,  and  for  the  more  delicate  or  exact  species  of  work. 
Saws  with  very  fine  teeth,  and  very  thin  blades,  stiffened  with  stout  pieces  of 
iron  or  brass,  riveted  to  the  back  edge,  are  also  used,  of  several  kinds,  which 
are  distinguished  by  the  several  terms,  dovetail,  task,  carceue,  and  tenon,  indi- 
cative of  their  uses,  and  also  of  their  sizes,  which  vary  from  six  to  twenty  inches 
in  length;  several  very  narrow  saws,  indifferently  called /oc^,  compost,  key-hole^ 
and  turning  saws,  for  cutting  out  small  pieces,  and  rounding  work:  small 
frame-sttwt,  six  or  eight  inches  long,  are  sometimes  required  by  the  carpenter 
for  cutting  both  wood  and  iron ;  the  teeth  of  the  latter  being  smaller  and  more 
obtuse  than  the  former.  There  are  many  saws  used  by  other  mechanics,  which 
differ  from  the  carpenter's,  the  details  of  which  woiUd  be  uninteresting ;  we 
shall  therefore  proceed  to  take  a  brief  notice  of  the  process  of  manufacturing 
saws,  as  practised  at  Sheffield,  from  whence  three-fourths  of  the  inhabitants  of 
the  globe  are  supplied. 

The  veiy  commonest  kind  of  saws  are  made  of  iron  plates,  hammer-har- 
dened, and  planished  upon  an  anvil,  to  give  them  some  degree  of  stiffness  and 
elasticity.  Such  instruments  are,  of  course,  spurned  by  the  workmen  ;  never- 
theless, as  their  cost  is  but  trifling,  they  are  purchased  in  great  quantities  by 
those  who  consider  any  saw  to  be  better  than  no  saw  at  all. 

The  more  useful  saws  which  workmen  employ  are  made,  nominally,  of  either 
shear  or  catt  steel;  but  the  quality  of  these  materials  may  differ,  as  well  as  the 
saws  made  of  them,  in  every  possible  degree.  The  common  test  of  a  good  saw, 
that  of  bending  it  into  a  bow,  and  letting  it  spring  again  into  a  straight  line,  is 
considered  by  some  persons  as  a  fallacious  and  unnecessary  test,  and  that  it 
sometimes  spoils  a  saw,  possessing  in  other  respects  all  the  properties  of  a 
valuable  tool.  A  dispute  has  been  raised  on  this  point,  and  ably  aavocated  on 
both  sides.  For  our  own  parts,  we  would  simply  observe,  that  such  process  of 
springing  infallibly  proves  two  of  the  essential  properties  of  a  good  saw,  namely, 
uniformity  of  thickness  in  the  blade,  and  perfect  elasticity. 

Experience  has  shown  that  cast  steel  is  the  best  material  for  making  saws,  as 
well  as  most  other  tools,  on  account  of  the  greater  uniformity  of  its  structure, 
which  is  not  lost  by  the  subsequent  operations  of  rendering  it  malleable  and 
elastic.  To  prepare  this  material,  the  liquid  metal  is  poured  into  a  cast-iron 
mould,  out  of  which  the  casting,  when  cooled,  is  taken,  in  the  form  of  a  small 
slab  about  1^  inch  thick.  This  slab  is  next  laminated  between  rollers  until  it 
ia  extended  to  the  required  dimensions.  If  intended  for  the  larger  kind  of 
saws,  as  mill  or  pit-saws,  the  whole  piece  may  be  required,  in  which  case  it  is 
clipped  by  shears  to  the  required  shape ;  but  if  for  smaller  articles,  it  is  cut  up 
into  suitable  pieces;  the  edges  are  next  perfected  by  filing,  and  holding  the  flat 
side  of  the  plates  against  large  grindstones,  which  process  prepares  them  for  tlie 
cutting  of  the  teeth.  This  operation  is  usually  performed  by  a  die-cutter  in  a 
fly-press,  the  motion  of  the  saw-plate  being  duly  regulated,  so  that  the  teeth 
shall  be  uniform ;  the  large  teeth  being  cut  one  at  a  time ;  and  the  smaller,  two, 
three,  or  more  at  a  time,  according  to  circumstances.  The  wire  edges  lefl  on 
the  teeth  of  the  plates  by  the  cutting-out  press,  are  next  removed  by  filing. 
The  operations  of  hardening  and  tempering  succeed,  which  require  considerable 
care  and  attention  on  the  part  of  the  operator.  A  variety  of  fatty  compositions 
have  been  recommended  for  this  purpose,  as  possessing  peculiar  efficacy  in 
hardening,  amongst  which  we  may  instance  that  recommended  by  Mr.  Gill, 
who  appears  to  have  had  considerable  experience  in  matters  of  the  kind,  and  to 
be  somewhat  acquainted  with  chemical  science;  we  should,  otherwise,  have 
taken  an  exception  to  the  variety  of  similar  ingredients  in  his  caldron.  He 
desires  us  to  melt  together  31bs.  of  black  rosin  and  lib.  of  pitch,  and  tu  these 
(when  melted)  one  gallon  of  neatsfoot  oil,  201  bs.  of  beef  suet,  rendered,  and 
twentj  gallons  of  olive  oil.     Ail  these  are  to  be  heated  ^together  in  an  iron 
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veael  until  the  aqueoiu  vapour  ij  driven  off,  ani  the  compontion  will  take  fire 
bv  Ihe  applicktion  of  flame  to  the  lariace,  wliich  i<  then  to  be  extinguiihed  b; 
placing  on  the  cover  of  the  veuel.  The  saw-pistes  being  now  heated  id  a  rever- 
berating or  other  luiCable  furnace  lo  a  cherry  red,  are  precipitated  edgewiK  inlo 
the  liquid  tnixture  juit  tnenliontMl.  contained  in  a  vessel  of  a  proper  figure  for 
that  piirpoie,  and  when  aufficienlly  cooled  therein  to  be  handled,  they  are  takea 
out  and  ate  found  lo  be  eitremely  hard  and  hriille.  The  uuctuoiu  niBlier  which 
adheres  to  the  plates  being  neit  partially  removed,  they  are  taken  up  succes- 
sively by  a  pair  of  tongi,  and  passed  backwards  and  forwaida  over  a  clear 
charcoal  (ire,  so  as  to  cause  the  unctuous  mailer  lo  inAame,  or  "  blaie  off,"  us 
it  IB  termed,  which  reduces  the  saws  to  the  desired  temper;  and  wbiUl  llie  saw- 
plat^  remain  hot,  any  warping  they  may  have  acquired  in  the  proceas  is  removed 
by  siDorl  blows  from  n  hammer,  over  an  anvil  strewed  with  land,  to  prevent 
llie  article  from  slipping  about. 

The  next  operation  ii  planishing  by  hammers,  which  renders  them  more  even 
and  equally  elattic;  and  the  dexterity  and  care  with  which  this  operation  («o 
difficult  and  ledioua  lo  ordinary  smiths)  ii  performed,  is  a  remarkable  juitance 
of  what  human  art  ia  capable  of  by  long  practice. 

The  sawi  are  now  ready  fur  the  grinder,  who  applies  them  to  the  circular  faes 
of  a  large  grindstone,  by  an  bterpoaiog  board,  agninit  whicbhe  presses  with  all 
his  force,  so  as  to  grind  it  as  evenly  as  passible.  Standing  on  tip-ioea,  he 
atretchea  himself  over  a  large  grindstone,  which  is  revolving  wilhereal  rapidity; 
hii  handi,  arma,  breast,  and  knees,  being  all  brought  into  operation  to  prodnce 
(he  eS'ecl,  while  he  becomes  covered  with  ochroua  sludge,  formed  by  the  attri- 
tion against  the  atone;  on  operation  apparently  so  dangerous  and  disagreeable, 
as  to  give  pain  to  the  spectator,  and  make  him  wish  lo  ace  a  machine  supplying 
tbe  place  of  the  operator. 

The  grinding  of  the  saw-plates  materially  impairs  their  previous  flalneaa  and 
elasticity  ;  they  are,  llierefore,  submitted  toa  second  liamniering  by  the  planish- 
era,  and  are  afterwards  healed  over  a  coke  fire  until  tliey  altain  a  faint  straw 
colour,  which  restores  to  them  their  elasticity.  The  surfaces  are  next  lighll]' 
pasted  over  a  grindatone,  to  remove  the  appearancea  of  (he  hammer,  and  next 
over  a  fine  hard  stone,  lo  remove  tbe  acialchea  of  the  last,  and  give  it  the  kind 
of  polish  required  in  the  market  for  which  tbe  saws  are  intended.  For 
which  purpoae  the  glazing  wheel  of  bulf  leather  and  emery,  or  tlie  "  hard  head," 
which  IS  a  wheel  of  hard  wood,  worked  bare,  are  also  uded,  aa  occasion  ma; 
require.     To  correct  any  defects  that  the  sawa  may  have  acquired  during  tbif 

tirucesses  described,  ibey  are  next "  blocked,"  thai  is,  attuck  upon  a  post  of 
lard  wood,  by  means  of  a  amall  polished  hammer,  by  which  tbe  truth  of  ihe 
work  is  presumed  to  be  perfected. 

The  sawa  are  next  "  deaned  off"  by  women,  by  means  of  fine  emery  rubbed 
over  them  lengthways  by  a  piece  of  coik-wood,  which  gives  them  au  agreeable, 
even,  white  tint,  and  a  very  level  appearance.  They  are  next  handed  to  ihe 
setter,  who  places  each  altemole  tooih  over  the  edge  of  a  tittle  anvil,  [n  an 
angular  direction,  aud  strikes  thein  ao  as  lo  bend  each  uniformly  into  the 
required  deviation  Irom  tbe  plane  of  the  saw ;  then  turning  over  tbe  saw,  the 
setter  sirikea,  in  like  manner,  llie  alternate  (eetb,  which  he  IvH  untouched  oD 
the  other  tidej  in  this  manner  each  successive  tooth  is  placed  in  opposite 
direcliona,  at  the  dcaired  trf,  to  allow  the  blade  of  the  saw  lo  pass  through  the 
wood  without  resislance.  while  its  breadth  acts  as  a  guide,  and  serves  lo  giva 
■tahilily  and  effect  to  ihe  operation  of  sawing.  The  teelh  of  the' saw  are  again 
touched  up  with  a  file,  to  finish  their  abaroening;  for  which  purpuse  ihey  are 
fixed  between  two  plates  of  lead,  contMned  in  the  chaps  of  a  vice;  alVer  which 
iheir  haudles  are  fixed  by  nuls  and  sctewi,  cleaned  o6\  oiled,  and  packed  in 
brown  paper,  fur  sale. 

The  form  or  mode  of  couatruction  of  tbe  aaws  we  have  described,  has  been 
generally  found  so  efScient  and  useful,  as  to  hove  needed  no  material  improve- 
ments; we  shall,  therefore,  eimply  iiolice,  in  a  brief  manner,  Iwo  or  three 
ijtatlen  of  a  subordinate  character,  connected  wilb  tbe  sul^ect,  which  may  prove 
of  service  to  the  workman. 


SAWS  AND  SAW  MILLS. 


673 


A  frame-aaw,  it  is  weU  known,  can  be 
made  thinner  than  a  commoo  pit-eaw; 
and  aa  it  worka  in  a  tmaller  kerf,  it  would 
effect  a  conaiderable  laving  of  timber  if  it 
could  be  employed  in  lieu  of  the  pit-saw 
in  cutting  k^  up  into  thin  boards.  To 
effect  this  object,  an  ingenious  shipwright 
of  Rotherhithe  contriTed  the  arrangement 
represented  in  the  subjoined  cnt  a  is  the 
lower  end  of  a  frame-saw;  b  a  section  of 
the  lower  bar  of  the  frame;  e  the  holdfast; 
ddih»  two  pins ;  #  the  lever;  /a  double 
arch,  pierced  with  holes,  the  lever  work- 
ing between  the  two  parts  of  the  arch ; 
the  saw  can  be  held  to  any  degree  of 
tightness  by  a  small  peg,  fastened  bv  a 
chain  to  the  end  of  the  lever.  To  ihift 
this  saw,  press  the  lever,  take  out  the  peg, 
lifr  up  the  lever,  take  out  the  two  pins  d  tU 
and  the  saw  being  lifted,  and  swuns;  back, 
can  be  put  in  the  next  cut,  and  again 
fastened. 

In  operating  with  a  common  frame-saw,  it  would  be  necessary,  at  every 
successive  cut,  to  sluft  all  the  transoms  behind  the  saw  to  the  end  of  the  piece, 
or  it  would  be  necessary  to  take  the  saw  out  of  the  frame,  when  a  difficulty 
would  arise  of  fixing  it  again  tightly.  Both  these  objecUoos  are  obviated  by 
the  plan  we  have  described;  and  by  which,  long  deals,  planks,  and  boards,  may 
be  cut  with  an  important  saving  of  material. 

An  expanding  wedge  for  the  use  of 
sawyers,  represented  in  the  subjoined 
sketch,  was  invented  by  Mr.  T.  Griffiths, 
of  the  Royal  Institution,  and  was  deemed 
worthy  of  an  honorary  medal  from  the 
Society  of  Arts,  a  is  the  handle  or  cen- 
tre-piece, to  which  is  connected  two  springs  ^^■■■■^I^^^^^^HB^^^  Jf 
e  c,  joined  together  at  b  ;  the  handle  also  ^^^^^^^^^^^^^ 

carries  a  cross  piece  d.  This  instrument  is 
intended  to  save  the  time  and  trouble  of 
shifting  the  common  wedges,  while  sawing 
up  balks  of  fir  into  deals.     When  the  saw 

has  cut  two  or  three  feet,  the  loose  ends  of  the  springs  c  c  are  to  be  brought  by 
hand  as  near  to  the  centre  piece  a  as  their  elasticity  will  admit ;  the  end  b  is 
then  to  be  introduced  into  the  cut,  and  the  wedge  is  to  be  thrust  up  to  the 
end  of  the  spring,  the  cross  piece  d  resting  on  the  upper  surface  of  the  balk. 
The  elasticity  of  the  springs  will  then  be  continudly  openins;  the  cut  as  the 
saw  proceeds,  to  the  length  of  about  twelve  feet;  and  the  wedge,  when  at  its 
utmost  expansion,  will  be  prevented,  by  the  cross  piece,  from  falling  into  the  pit 

In  the  ordinary  saw-mUl,  the  saws  are  stretched  in  a  wooden  frame,  which 
slides  up  and  down  within  another  frame,  in  a  similar  manner  to  a  window 
sash :  the  motion  is  given  to  it  by  a  crank,  attached  to  a  fly-wheel  upon  the 
main  axis,  made  to  revolve  by  a  water-wheel,  or  other  power,  and  connected 
by  gear  that  will  give  four  or  five  revolutions  of  the  crank  to  one  of  the  water 
wheel.  The  timber  is  fastened  upon  a  carriage,  which  is  a  horizontal  frame, 
sliding  or  rolling  between  guides  on  the  floor  of  the  mill,  and  of  such  dimensions 
as  to  pass  between  the  vertical  frame,  proceeding  by  a  regulated  motion,  and 
constantly  presenting  the  timber  to  the  action  of  the  saws.  The  saws  are  so 
fitted  in  the  frame  that  they  can  be  removed  in  a  few  minutes,  and  replaced  by 
another  set  of  sharpened  saws. 

Considerable  improvements  have  been  made  upon  saw-mills  by  Mr.  Brunei, 
Mr.   Maudslay,  and  many  other  engineers,  who  have,  of  late  years,  been 
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engaged  in  their  construction.  The  introduction  of  circular  sawsi  which  act  by 
a  continual  rotary  motion,  formed  an  important  era  in  sawing  machinery,  from 
the  great  facility,  precision,  and  rapidity  of  its  operation.  A  saw-mill  of  this 
kind  has  been  employed  for  many  years  at  the  manufactory  of  the  ingenious 
Mr.  George  Smart,  near  Westminster  Bridge.  In  this,  motion  is  imparted  to  a 
horizontal  shaft,  on  which  is  a  spur-wheel  that  turns  a  pinion  on  another  hori- 
zontal shaft  ;  on  this  second  shaft,  the  bearings  of  the  gudgeons  of  which  are 
supported  on  the  joists  of  the  floor  above,  is  a  band-wheel,  which  communicates 
motion,  by  an  endless  strap,  to  a  pulley  fixed  on  the  spindle  of  the  circular  saw, 
and  causes  the  latter  to  revolye  with  great  rapidity.  The  ends  of  the  spindle 
are  conically  pointed,  and  the  end  nearest  to  the  saw  turns  in  a  cavity  made  in 
the  end  of  a  screw,  whose  nut  is  fixed,  and  has  a  firm  bearing  in  a  stout  bench  ; 
the  other  end  turns  in  a  similar  screw,  passed  through  a  cross  beam,  mortised 
between  two  vertical  beams,  extending  from  the  floor  to  the  ceiling  ;  one  of  the 
beams  can  be  raised  or  lowered  in  its  mortises  by  wedges  put  both  above  and 
below  its  tenons.  In  order  to  adjust  the  plane  of  the  saw  to  the  plane  of  the 
bench,  there  is  a  long  parallel  nuer,  which  can  be  set  at  any  distance  from  the 
saw,  and  fixed  by  means  of  screws  going  through  circular  grooves  cut  through 
the  bench.  In  using  the  machine,  the  ruler  is  to  be  set  the  proper  distance 
from  the  saw,  accordmg  to  the  piece  of  wood  to  be  cut ;  and  as  the  saw  turns 
round,  a  workman  slides  the  end  of  a  piece  of  wood  to  it,  keeping  its  edge 
against  the  guide  or  ruler,  that  it  may  cut  straight  The  operation  is,  of  course, 
very  expeditious  and  accurate.  Lathes  are  now  frequently  fitted  up  with 
circular  saws. 

Some  improvements  in  mechanism  of  the  latter  kind  were  patented  by 
Messrs.  Sayner  and  Greenwood,  in  1824,  which  we  shall  here  describe.  The 
first  improvement  mentioned  in  the  specification  relates  to  the  adaptation  of 
two  circular  taws  operating  together,  instead  of  one,  to  cut  through  a  piece  of 
timber.  By  the  usual  process,  it  requires  a  circular  saw  of  five  feet  in  diameter, 
to  cut  through  a  log  of  two  feet  in  diameter,  in  consequence  of  the  obstruction 
of  the  axis  and  supporting  shoulders  ;  but  by  the  application  of  two  saws  of 
little  more  than  half  the  diameter  of  the  single  large  saw,  one  above  the  log 
and  the  other  under,  each  making  an  incision  rather  more  than  half  way 
through,  the  division  is  effected  with  a  considerable  saving  of  power,  and  of 
the  cost  of  saws.    The  annexed  diagram  is  designed  to  explain  the  mechanical 


arrangement,  a  a  is  the  bed  of  the  saw-mill ;  b  b  the  log  of  timber  under 
operation ;  c  e  the  two  circular  saws,  the  depths  of  their  respective  cuts  being 
expressed  by  two  right  lines  forming  tangents  to  their  peripheries  ;  these  saws 
have  pulleys  upon  their  axes,  and  are  driven  by  endless  bands  embracing  them 
and  the  drum-wheel  </,  to  which  motion  is  given  by  a  water-wheel,  or  other 
adequate  mechanical  agency.     The  timber  rests  and  moves  upon  horizontal 
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Toilers  (  «,  and  i*  accaratdj  guided  to  the  Mm  bj  rertieal  rollen,  not  intro- 
duced into  the  figure,  u  they  are  coniraoD  to  otlier  uw-milli.  The  aiet  oTthe 
UTi  niQ  in  Giod  beiringi,  and  the  timber  is  forced  againit  them  bj  the  lero- 
Jution  of  the  propelling  roller^,  put  in  motion  hy  another  band  from  the  drum- 
wheel  d,  the  axil  of  the  roller  being  conGaed  bj  an  upright  frame  g  h  ;  in  the 
upper  part  of  whicb  frame  tnmi  the  presiing  roller  A,  which  being  connected 
to  the  vertical  bar  i,  is  prened  upoa  by  the  weighted  lever  k ;  the  roller^  there- 
fore give*  the  motion,  and  the  roller  A  a  steady  finnneas  to  the  advancing  posi- 
tion of  tbe  log. 

If  the  timbf  r  is  to  be  cut  into  planka,  a  number  of  eircular  ■««*  are  placed 
together  on  tbe  axes  c  e,  with  flangei  between  them  of  tbe  thickness  of  the 
raqnired  jdanks,  and  then  bolted 
twether ;  by  these  means  the 
whole  log  is  at  one  operation 
formed  into  board*;  and  if  it  be 
required  to  cut  the  logs  into  scant- 
ling*  or  Ulhi,  s  series  of  boriionlal 
*a**J^  placed  in  like  manner  upon  a 
vertical  axis  m,  and  driven  by  a 
pulley  a,  cuts  the  whole  at  once 
into  those  imali  divisioos.  Tbis 
mode  of  applying  the  saws  to  work 
in  a  boriaontsl  plane  so  as  to  oper- 
ate simultaneously  with  those  act- 
ing in  a  vertical  direction,  form* 
the  second  improvement  claimed 
under  tbe  patent  right. 

A  third  improvement  claimed, 
i*  for  uniting  the  plates  of  a  serie* 
of  circular  saws  closely  together, 
Ej  as  to  make  one  eompaet  body  of 
taws,  without  any  intentice* 
between  them,  for  the  purpose  of 
reducing  dye-woodi  entirely  10 
saw-duit  or  powder,  instead  of  the 
usual  method  of  chipping  or 
rasping  them  for  dyeing  or  other 
purposes. 

A  few  years  ago  (about  1824), 
Mr.  Robert  Eastman,   of   Bruns- 
wick Maine,  U.  S.,  invented  some 
improvemeata  in  the  < 
of  circular  saws,  and   i 
of  sawing   "  lumber   ' 
which  obtained  e: 
in  America ;  and  a*  we  think  tl 
eitiemelj interesting, and  thatthetr 
adaption   in   this    country   would 
tend  to  beneficial  results,  we  Bhall 
here  annex   the   description,  and 
the  intelligent  inventor  s  remarka 
upon   the  ..subject.      Instead  of  a 
continued  series  of  teeth  all  round 
the   periphery    of  the   plate,  like 
other  circular  saws,  Mr.  Esslman's 
has  only  eight,  or  rather  it  may 
he  said  to  have  only  four  cuting 
insttuments,  each  containing  two 
teeth,  which  are  placed  at  equal 

the    circumferen       '' 


n  the  mode 
'   (timber). 
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and  projecting  from  il ;  these  mBlrampnts  ire  called  "  section  teetli."  Tlie 
raiin^  ur  labour  in  cnnaequenu  of  thii  farm  or  aaw  it  calculated  nt  liill 
three-foutths ;  ond  the  surface  of  the  bmber  i>  niu<:h  smootlier  than  when 
cut  Iro  ihe  full-teelhed  mw.  On  the  SBW-plale  are  also  fixed  intlruments 
called  "  iBppera, "  which,  being  placed  nearer  to  the  centre,  do  not  enter 
Ihe  «Dod  so  deeply  at  the  tB»,  and  are  adjusted  ao  a$  merely  to  cut  ofl* 
ilie  eilraneom  »ap  pari,  rendering  the  edges  of  the  planki  uniformly 
■traigbl,  and  all  the  cuts  of  equal  dimensions.  To  understand  vhicli,  it  is. 
perhapn,  neceesary  here  lu  explain  to  the  render  that  the  logs  are,  by  (his 
machinery,  cut  up  IcngtliwUe,  not  through  the  lug,  but  &om  the  cltcumfereDce, 
or  exterior,  to  the  centre,  as  the  radii  of  a  circle,  it  baring  been  ascertained 
^at  planks,  staves  of  casks,  &c.,  cut  out  in  this  manner,  posien  much 
more  durability,  ■treiigth,  and  elasdcity,  than  by  the  camuioii  method. 
F%g.  1  represents  a  aide  view  of  the  machine,  with  a  log  in  it  ready  for 
working.  F^g.  2  ia  an  end  view  of  the  same,  exhibiting  the  log  partly  cut 
into  seclions.  Fig.  3  is  the  saw,  with  its  section  teeth  L  L  C  L,  and  its 
tappers  M  M.  Fig.  4  shows  the  shape  of  the  sapper,  with  a  groove,  or 
■lit,  to  admit  of  its  bebg  set  according  to  the  intended  width  of  the  plank. 

A,  Fig.  I,  is  a  strong  frame  of  limber,  about  twenty-four  feet  long,  by  five 
broad,  the  ends  of  which  ore  seen  at  A  A,  Fig.  2.  B,  Fig.  1,  is  the  carriage, 
about  twelve  feet  long,  and  four  broad,  the  ends  of  wbich  are  seen  at  B  B, 
Fig.  2;  it  travels  upon  iron  truck-wbeela,  grooved  on  their  circumferences,  and 
run  upon  iron  slides,  as  shown  at  K  K,  Fig.2.  C.  F'g:  I  and  2,  gives  two 
views  of  the  log  under  operation. 

The  loe  is  fixed  into  the  carriage  by  means  of  iron  centre?,  upon  which  it 
alto  rBvolvea,  aJler  each  succeeding  cuL  At  D  D,  Fig'.  1  and  2,  is  seen  part  of 
the  saw.  At  E  E,  Figi.  1  and  2,  are  situated  tlie  feed  pulley,  and  shifting  gear 
F,  regulating  pulleys.  G  is  an  index  for  regulating  the  dimensions  of  the  cuts. 
H,  revolving  levers  and  pina.  1,  the  pin  and  fulcrum  of  the  leretj,  J  J,  the 
stirrup  screws  and  pins. 

Nearly  in  the  middle  of  the  frame  is  fixed  the  main  ihafl,  of  east  iron,  which 
runs  upon  friction  rollers,  supported  by  stands  on  the  floor.  On  this  shaft  is 
the  saw,  wilh  its  tappers  and  section-teeth.  The  motion  is  given  by  a  band 
pasaJDg  round  the  main  pulley,  and  round  a  drum  that  r\ins  under  it ;  whicli 
may  be  driven  by  horse,  steam,  or  water  power.  The  method  by  which  the 
saw  is  fed  with  the  wood  to  be  cut,  and  the  return  of  the  carriage  for  the  suc- 
ceeding cut,  is  too  similai  to  our  own  to  need  a  particular  description.  Ita 
various  arrangements  are  ingeniously  contrived,  and  it  may  be  justly  termed  a 
self-acIinK  machine,  for  wban  once  sat  in  motion,  no  other  aid  Uian  Ihe  power 
which  drives  it  is  requiait«  to  it*  cutting  a  whole  tetiet  of  boards,  of  uniform 
dimensions,  all  round  the  log,  having  their  thm-edged  aides  attached  to  the 
centre-piece.  These  boards  being  removed,  a  second  series  of  boards  may  be 
cut  in  like  manner  to  the  former,  provided  the  log  ia  big  enoueh. 

"  This  imtchinE,"  Mr.  Eastman  says,  "  furnishes  a  new  method  of  manufac- 
turing lumber  for  various  useful  purposes.  Though  the  circular  saw  had  pre- 
viously been  in  operation  in  this  country,  and  in  Europe,  fbr  cutting  tmallstufT, 
it  had  not,  with  the  kuowledge  of  the  writer,  been  auccessEiilly  applied  to  solids 
of  great  depth  ;  to  effect  wbich,  the  use  of  section-teeth  are  almost  indispensable. 

"  In  my  first  attempts  to  employ  the  circular  taw,  for  the  purposo  of  manu- 
facturing clap  boards,  I  used  one  nearly  full  of  teeth,  for  cutting  live  or  sis 
in  depth,  into  line  logs.  The  operation  required  a  degree  of  power  almnit  im- 
possible to  be  obtained  with  the  use  of  a  band  ;  the  heat  caused  the  plate  to 
expattdf  and  the  saw  to  warp,  or,  as  it  is  termed,  '  get  out  of  true.'  To  obviale 
these  difficulties,  I  had  recourse  to  the  u»c  of  section-teeth,  and  the  improvement 
completely  succeeded.  The  power  required  \o  perform  a  given  quantity  of 
work  by  the  former  method,  was  by  this  diminisbed  at  teaat  three  quarters. 
'Die  work,  formerly  performed  by  seventy  or  eighty  teeth,  was,  by  the  last 
mi-lhod,  performed  by  eicht  teeth  ;  the  saw-dust,  which  before  had  been  reduced 
lu  the  fineness  of  meal,  was  coarser,  but  the  surface  of  the  tnmlicr  tnucb 
smoother  than  when  cut  with  the  full-teethed  taw.     The  Iccth  are  made  in  the 
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form  of  a  bawk's  bfll^  and  cat  the  log  ap,  or  from  the  circumference  to  the 
centre.  The  saw  may  be  carried  by  an  eight-inch  band,  and  when  driven  a ' 
proper  speed  (which  is  from  ten  to  twelve  hundred  times  per  minute)  will  cut 
nine  or  ten  inches  in  depth  into  the  hardest  white  oak  timber  with  the  greatest 
ease.  The  sappers,  at  tne  same  time,  cut  off  from  one  to  two  inches  of  the  sap, 
and  straighten  the  thick  edges  of  the  lumber. 

*'  The  facility  with  which  this  saw  will  cut  into  such  bard  materials,  may  be 
supposed  to  result  from  the  well-established  principle,  that  where  two  substances 
in  motion  come  in  contact,  their  respective  action  on  each  other  is  in  direct 
proportion  to  their  respective  velocities  ;  thus,  a  circular  plate  of  iron  put  into  a 

auick  rotary  motion,  will,  with  great  ease,  penetrate  hardened  steel,  or  cut 
lirough  a  nle  when  applied  to  its  circumference ;  and  the  same  principle  is 
applicable  to  a  saw  for  cutting  wood.  The  requisite  degree  of  velocity  is 
obtained  by  the  continuous  motion  of  the  circular  saw,  by  which  also  it  has 
greatly  the  advantage  of  one  that  has  but  a  slow  motion,  on  account  of  dulling; 
as  the  teeth  are  but  little  affected,  and  being  only  eight  in  number,  but  a  few 
moments'  labour  is  required  to  sharpen  them.  If  the  velocity  of  the  saw  were 
slackened  to  a  speed  of  but  forty  or  fifty  per  minute,  it  would  require  at  least 
four  such  bands  to  carry  it  through  a  log  as  above  described. 

One  machine  will  cut  from  eighteen  to  twenty  hundred  of  square  feet  of  pine 
timber  per  day,  and  two  of  them  may  be  driven  by  a  common  tub-wheel,  seven 
or  eight  feet  in  diameter,  having  six  or  seven  feet  head  of  water,  with  a  cog- 
wheel and  trundle-head,  so  highly  geared  as  to  give  a  quick  motion  to  the 
drums,  which  should  be  about  four  feet  in  diameter.  The  machine  is  so  con- 
structed, as  to  manufacture  lumber  from  four  to  ten  feet  in  length,  and  firom 
two  to  ten  inches  in  width,  and  of  any  thickness.  It  has  been  introduced  into 
most  of  the  New  England  states,  and  has  given  perfect  satisfaction.  The  supe- 
riority of  the  lumber  has,  for  three  jrears  past,  been  sufficiently  proved  in  tnis 
town,  (Brunswick  Maine,)  where  there  have  been  annually  erected  from  fifteen 
to  twenty  wooden  buildings,  and  for  covering  the  walls  of  which  this  kind  has 
been  almost  universally  used.  The  principal  cause  of  its  superiority  to  mill- 
sawed  lumber,  is  in  the  manner  in  which  it  is  manufactured,  viz.,  in  being  cut 
towards  the  centre  of  the  loe,  like  the  radii  of  a  circle  ;  this  leaves  the  lumber 
feather-edged  in  the  exact  shape  in  which  it  should  be,  to  set  close  on  a  build- 
ing, and  is  the  only  way  of  the  grain  in  which  weather-boards  of  any  kind  can 
be  manufactured  to  withstand  the  influence  of  the  weather,  without  shrinking, 
swelling,  or  warping  off  the  building.  Staves,  and  heading  also,  must  be  rived 
the  same  way  of  the  grain,  in  order  to  pass  inspection.  The  mill-sawed  lumber, 
which,  I  believe,  is  now  universally  used  in  the  middle  and  southern  states, 
and  in  the  West  Indies,  for  covering  the  walls  of  wooden  buildings,  is  partly 
cut  in  a  wrong  direction  of  the  grain,  which  is  the  cause  of  its  cracking  and 
warping  off,  and  of  the  early  decay  of  the  buildings,  by  the  admission  of  mois- 
ture. That  such  is  the  operation,  may  be  inferred,  by  examining  a  stick  of 
timber,  which  has  been  exposed  to  the  weather  ;  the  cracks  caused  by  its 
shrinking  all  tend  towards  the  heart  or  centre,  which  proves  that  the  shrinking 
is  directly  the  other  way  of  the  grain.  It  follows,  that  lumber,  cut  through  or 
across  the  cracks,  would  not  stand  the  weather  in  a  sound  state,  in  any  degree 
to  be  compared  with  that  which  is  cut  in  the  same  direction  with  them.  1  have 
no  hesitation  in  stating  that  one-half  the  quantity  of  lumber  manufactured  in 
this  way,  will  cover,  and  keep  tight  and  sound,  the  same  number  of  buildings 
for  a  hundred  years,  that  is  now  used  and  consumed  in  fifty  years.  Add  to 
this,  the  reduction  of  expense  in  transportation,  and  of  labour  in  putting  it  on, 
and  I  think  every  one  must  be  convinced  that  the  lumber  manufactured  in  this 
improved  way  is  entitled  to  the  preference. 

'*  In  manufacturing  staves  and  heading,  a  great  saving  is  made  in  the  timber, 
particularly  as  to  heading,  of  which  at  least  double  the  quantity  may  be  obtained 
by  this  mode  of  sawing  to  what  can  be  procured  in  the  old  method  of  riving 
it ;  nor  is  the  straight  grained  or  g^ood  rift  indispensable  for  the  saw,  as  it  is  for 
tlie  purpose  of  being  rived.  The  heading,  when  sawed,  is  in  the  form  it  should 
be,  before  it  is  rounded  and  dowclled  together,  all  the  dressing  required  being 
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merelv  to  imooth  off  the  outsides  with  a  plane.  Timber  for  ttaTes  ought  to  be 
•traieht,  in  order  to  truss,  but  may  be  manufactured  so  exact  in  size,  as  to 
reouire  but  little  labour  to  fit  them  for  setting  up.  Both  articles  are  much 
lighter  for  transportation,  being  nearly  divested  of  superfluous  timber,  and  may 
be  cut  to  any  thickness  required,  for  either  pipes,  hogsheads,  or  flour  barrels." 

Mr.  Alexander  Craig,  of  St  Bernard's,  in  the  county  of  Mid-Lothian,  ob- 
tained a  patent,  in  1831,  for  '*  certain  improvements  in  machines  or  machinery 
for  cutting  timber  into  veneers  or  other  useful  forms."  In  one  of  these 
improvements,  Mr.  Craig  employs  a  circular  saw,  which  he  makes  to  traverse 
the  whole  length  of  the  veneer  to  be  cut,  while  it  revolves  on  its  axis  in  the 
nmal  way.  It  is  made  to  traverse  by  means  of  a  crank,  having  a  radius  equal 
to  half  the  length  of  the  intended  veneer,  and  a  connecting-rod,  of  length  suf- 
ficient to  prevent  too  much  obliquity  of  action.  A  uniform  tension  is  preserved 
on  the  band  which  communicates  motion  to  the  saw  while  it  approaches  to,  and 
recedes  from^  the  source  of  motion,  by  carrying  the  bandf  round  a  pulley 
stationed  at  a  small  distance  beyond  the  greatest  distance  of  the  saw  from  its 
driving  drum.  Though  we  have  mentioned  but  one  saw,  there  are  a  series  of 
them  attached  to  the  same  frame,  and  put  in  motion  by  the  same  band,  which 
is  pressed  down  by  an  adjusting  pulley  between  each  pair  of  saws,  that  it  may 
turn  them  with  more  certainty,  by  embracing  a  larger  portion  of  the  circum- 
ference of  the  riggers  fixed  on  their  axes.  The  log  ot  wood  from  which  the 
veneer  is  to  be  cut  is  suspended  between  centres,  similar  to  those  of  a  turning- 
lathe,  and  made  to  rotate  in  contact  with  the  saws,  so  that  it  may  be  cut  into 
one  continuous  spiral  veneer.  It  is  evident,  that  to  produce  a  uniform  motion 
in  that  part  of  the  log  in  contact  with  the  saws,  is  necessary  to  its  perfect 
action ;  and  this  the  patentee  has  effected  in  a  very  ingenious  manner  :  he 
puts  into  slow  motion,  by  a  species  of  gearing  known  by  the  name  of  the  endless 
screw,  a  shaft,  having  on  its  extremity  a  metallic  cylinder,  with  a  surface 
roughed  in  a  manner  similar  to  the  surface  of  a  rasp  ;  and  this  cylinder,  being 
pressed  against  the  circumference  of  the  log,  will  cause  it  to  revolve  at  the 
same  speed,  whatever  be  its  diameter.  The  specification  is  concluded  by  a 
description  of  an  arrangement  by  which  the  saws  are  made  to  cut  beyond  their 
centres  in  a  stationary  log.  This  is  effected  by  attaching  them  on  axes  which 
do  not  project  beyond  the  surfaces  next  the  log.  To  the  frame  carrying  these 
saws,  a  descending  as  well  as  an  alternating  motion  is  given  ;  and'  the  veneer 
being,  by  a  euide-plate,  made  to  fold  back  under  the  saws,  it  is  clear  that  they 
will  with  facility  cut  to  any  required  depth,  without  reference  to  their  diameters. 
See  the  article  Vemeee. 

The  sawing  of  stone,  as  our  readers  cannot  fail  to  have  noticed,  is  an  ex- 
tremely slow  operation,  and  no  improvement  of  importance  has  been  effected 
in  the  process  for  many  centuries ;  the  ancient  mode  of  causing  a  plate  of  iron 
stretched  out  in  a  frame,  to  reciprocate  horizontally  by  the  two  hands  of  the 
sawyer,  seated  before  it,  is  still  generally  practised.  In  dividing  very  sofl 
stone,  the  saw  itself  acts  with  efficscy  upon  the  stone,  by  means  of  its  small 
rude  teetb,  or  notches,  which  the  sawyer  makes  in  its  edge  by  striking  it  with 
a  coarse  tool :  but  the  chief  utility  of  these  notches  is  to  collect  and  apply  the 
particles  of  sharp  sand  that  are  carried  by  a  small  current  of  water  down  into 
the  incision,  and  under  the  saw.  In  hard  stone,  almost  the  whole  effect  of 
cutting  is  produced  by  the  attrition  of  the  sand,  aided  by  the  pressure  of  the 
weight  of  the  saw. 

In  1825,  a  patent  was  taken  out  by  Mr.  James  Tullock,  for  "  improved 
machinery  for  sawing  stone,"  in  which,  however,  the  same  principle  of  rutting 
is  still  adhered  to  ;  but  the  general  arrangements  of  his  stone-sawing-mill  are 
judicious  for  the  application  of  power  ;  we  therefore  annex  a  description,  with 
an  illustrative  cut 

A  block  of  stone  is  shown  at  a,  supposed  to  be  under  the  operation  of  a 
number  of  saws  6,  fixed  parallel  to  each  other  in  a  frame.  The  ends  of  this 
frame  are  formed  on  the  under  side  into  inclined  planes,  which  run  upon  two 
anti-friction  rollers  at  c  c;  so  that  when  motion  is  given  to  the  saws,  each  end 
of  the  frame  will  be  alternately  lifted  up,  and  allow  the  sand  and  water  (supplied 
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bj  ft  wauli  eiitem  reproMOtcd)  to  deicend'  into  the  finura.  The  anti-Metioii 
roUen  cr*  attachadto  tvoilidei,  placed  in  groove*,  in  the  tiiroupri;;htpoiti4d, 
■nd  are  nupandwl  by  two  ebkiti  ■(,  wound  round  the  barrel* //,  on  the 


■haft  jT  '  tliie  ehafl  tumi  in  the  bearing*  ihom],  and  carriei  a  third  barrel  i 
and  a  large  pulley  k ;  to  the  Utter  ii  impended  a  weight  which  partly  counler- 
balancea  the  weight  of  the  lawi  and  frame  ;  and  a  ebain,  pamng  round  the 
barrel  i,  it  attached  at  the  other  end  to  a  eliding  pece,  on  a  vibrating  beam  I. 
The  gear  repreieoted  on  the  right  hand  of  the  engraring  ii  for  giving  motion 
to  the  >aw-&'ame.  The  power  of  a  fint  mover  being  applied  to  the  toothed 
wheel  ffl,  it  actuate*  the  two  imaller  wheels  n  n,  to  the  ibaha  of  which  are  fixed 
crank*,  which  a*  they  revolve  give  motion,  by  mean*  of  the  connecting-rod* on, 
to  the  vibrating  beam  I,  and  the  latter  pivei  the  alteraaliog  moljon  Id  the  «aw- 
frame  b.  The  several  pulleys  to  which  the  frame  is  *UBpended  admit  of  it* 
'regular  descent,  and  witti  a  uniform  pressure.  The  weight  of  the  saws  should 
of  coui*e  always  predombale  over  the  counterbalance,  that  they  may  act 
effectively  upon  the  alone. 

It  appear*  from  the  specification,  that  the  patentee  applies  tbie  mechanism  in 
the  fonning  of  groove*,  mouldinga,  cornices,  pilasters,  «c.,  of  marble  and  other 
stone,  bj  mean*  of  properly-indented  in*trumenta,  which  are  lo  traverse  the 
face  of  the  stone,  suspended  in  a  suitable  frame.  By  suspending  the  saws  or 
tools  in  the  manner  described,  it  i*  conHidered  that  a  great  advantage  is  gained, 
a*  they  may  thereby  be  kept  in  a  perfectly  horizontal  line,  so  that  the  face  of 
the  stone  may  be  acted  upon  uniformly  in  all  it*  parti,  and  the  hardest  parts  be 
reduced  equally  with  the  softest. 

SCALE.  A  mathematical  inatrument,  con*isling  of  various  lines  drawn  on 
wood,  ivory,  brass.  See.,  and  variously  divided,  according  to  the  purposes  it  is 
intended  lo  serve  ;  whence  it  acquires  various  denomination*,  a*  the  plain  scale, 
diagonal  *cBle,  plotting  scale,  Gunter'*  scale,  &c.  Scales  of  equal  part*,  marked 
upon  plans,  drawings,  &c.,  are  explanatory  of  the  real  dimeniions  of  the  objects 
delineated,  initead  of  their  actual  dimen*ions  on  the  paper. 

SCALES.  A  term  commonly  applied  to  the  ordinary  balance  or  weighing 
machine,  which  see.  The  term  scales,  however,  is  often  applied  to  the  botnt* 
or  diahea  only,  in  which  tlie  good*  and  the  weights  are  placed. 

SCALES  OF  FISH  conalst  of  alternate  layers  of  membrane  and  phosphate 
nf  lime;  they  are  employed  In  the  arts  in  (he  fabrication  of  artificial  pearl*. 
See  PBaKL*. 
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SCREW.  The  screw  is  one  of  the  most  powerful  and  usefal  of  the  simple 
machines  or  mechanic  powers.  It  is  a  modification  of  the  inclined  plane,  as 
will  easily  appear  to  any  one  who  reflects  a  little  on  its  construction.  If  a 
triangular  piece  of  paper  be  rolled  round  a  cylinder,  it  will  form  a  spiral 
inclined  line  round  it,  which  will  be  not  an  inapt  representation  of  the  nature 
of  the  screw.  The  screw  with  the  projecting  thread  moves  within  a  concave 
spiral  groove  cut  in  the  interior  of  a  hollow  cylinder,  which  is  termed  the 
female  screw  or  nut  The  screw  is 
generally  turned   by  means   of  a  « 

lever,  as  representea  in  the  annexed 
cut  aiab ;  and  the  power  obtained 
b^  the  instrument  is  calculated  by 
dividing  the  circumference  of  the 
circle  described  by  a  6  by  the  dis> 
tance  between  two  successive  threads 
of  the  screw.  Thus,  if  the  lever  a  b 
be  thirty  inches  long,  and  the  dis- 
tance between  two  threads  of  the 
screw  be  half  an  inch,  the  circum- 
ference described  will  be  94  inches; 

which,  divided  by  half  an  inch,  gives  118  as  the  increase  of  power  obtained  by 
this  machine.  In  this  case,  a  man  who  could  exert  a  force  of  lOOlbs.  would  be 
enabled  to  produce  a  pressure  equal  to  that  of  18,800  lbs.  From  these 
remarks  it  wul  be  seen  tnat  there  are  two  ways  of  increasing  the  power  of  this 
machine;  viz.  by  lengthening  the. lever  abj  or  by  diminishing  the  distance 
between  the  threads.  The  former  would  be  limited  by  the  unwieldiness 
thereby  given  to  the  machine ;  and  the  latter,  by  the  circumstance  that  the 
threads  become  weaker  in  proportion  as  they  are  diminished,  and  hence  a  slight 
resistance  would  tear  them  from  the  cylinder.  These  inconveniences  arc 
obviated  in  a  contrivance  of  Mr.  Hunter's,  in  which  the  required  strength  and 
compactness  may  be  carried  to  any  extent  This  contrivance  consists  in  the 
use  of  two  screws,  the  threads  of  which  may  have  any  given  strength,  but 
which  differ  slightly  in  breadth.  While  the  working  point  is  urged  forward  by 
that  screw  whose  threads  have  the  greater  breadth,  it  is  drawn  back  by  that 
whose  threads  have  the  less;  so  that,  during  each  revolution  of  the  screw, 
instead  of  being  advanced  through  a  space  equal  to  the  breadth  of  either  of  the 
threads,  it  moves  through  a  space  equal  to  their  difference.  The  power  of  such 
a  screw  will  be  equal  to  that  of  a  single  screw,  the  distance  between  whose 
threads  is  equal  to  the  difference  of  the  distances  between  the  threads  just 
mentioned. 

The  igreat  power  and  compactness  of  the  screw,  as  a  mechanical  engine, 
render  it  highly  useful  in  the  formation  of  presses,  in  which  a  great  pressure 
is  required.     The  screw  is  therefore  usually  employed  in  the  expression  of 

C»  from  solid  bodies,  in  coining,  and  in  reducing  the  bulk  of  light  and  soft 
es,  so  as  to  render  them  convenient  for  exportation.     (See  Press.) 

The  screw  is  also  used  very  efficiently  in  the  measurement  of  very  minute 
motions  and  spaces.  Thus,  suppose  the  screw  to  have  one  hundred  threads  in 
the  length  of  an  inch,  each  revolution  of  the  screw  will  advance  the  point  one 
hundredth  of  an  inch.  Now,  if  the  head  of  the  screw  be  a  circle  one  inch  in 
diameter,  the  circumference  of  the  head  will  be  somewhat  more  than  three  inches ; 
this  may  be  easily  divided  into  a  hundred  equal  parts,  each  distinctly  visible.  If 
a  fixed  index  be  used,  the  hundredth  part  of  the  revolution  of  the  screw  may 
be  observed,  and  this  will  advance  the  point  of  the  screw  one  ten-thousandth 
of  an  inch.  To  observe  the  motion  of  the  point  of  the  screw,  a  fine  wire  is 
attached  to  it,  which  is  carried  across  the  field  of  view  of  a  powerful  microscope, 
by  which  its  motion  is  *  made  distinctly  perceptible.  Such  a  screw  is  called  a 
micrometer  screw,  and  is  much  used  in  graduated  instruments,  for  astronomical 
observations.  Hunter's  screw  may  be  also  conveniently  used  for  the  same  purpose. 

The  most  common  kind  of  screws  are'  those  used  by  carpenters  and  other 
mechanics,  for  fastening  wood,  or  wood  and  metal  together,  and  are  therefore 
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uwobDj  temied  in  iSbh  eoimtiy  wood-Mrewt,  Uioi^h  the  Sooteh  name  of  ienm- 
naUf  if  lomewlial  mora  appropriate,  as  distiogoiBung  them  from  other  kinds  of 


The  Uanks  for  wood-screws  are  forged  by  the  same  class  of  workmen  as  make 
nails;  they  in  fact  dosely  resemUe  the  oounter-ennk  ekmt  nails,  with  the 
exception  of  their  ends  not  being  pointed.  An  improvement  upon  this  method 
has  been  adopted  by  aome  screw  manufactorers,  which  consists  in  making  the 
Uanks  ont  of  round  rolled  iron,  cnt  into  the  requisite  lengths^  and  then  pinching 
these  pieces,  whoi  red  hot,  between  a  pair  ofcUms  or  dies,  in  the  chape  of  a  vice, 
and  forming  the  heads  by  a  hammer,  or  the  stamp  of  a  fly-press.  To  form  the 
threads,  files  were  need  in  ihit  infancy  <^screwHnaking,  but  tais  process  has  been 
long  superseded  by  the  modem  practice  of  cutting  and  tapping.  The  fogged 
blanks  beinff  weU  annealed,  theur  small  ends  are  soccessiTely  placed  into  a 
jointed  chuck,  at  the  end  ^  a  sted  mandril,  where  they  are  gnped  fast  and 
made  to  revolve,  whfle  a  file  is  held  against  Uiem,  to  brighten  Uieir  stems  and 
the  countersinks  of  their  heads.  The  blanks  are  then  rdeased,  their'heads 
filed  flat,  and  the  nick  for  the  screw-driver  made  by  a  circular  saw.  The  blanks 
are  now  ready  for  tapping,  by  a  small  apparatus  similar  to  the  common  lathe, 
as  represented  in  the  following  cnt    At  a  is  a  steel  cylindrical  mandril,  about 


twelve  inches  long,  revolving  in  collars  in  the  puppets  b  bhy  the  motion  of  a 
strap  passing  round  the  pulley  e  ;  disA  loose  pulley  to  carry  the  strap  when 
taken  off  c.  At  e  is  an  iron  box  made  to  open  ana  firmly  fix  by  screws  the  end  €i£ 
the  reptiaihM-Merew  ff  of  which  there  are  as  many  provided  as  there  are  varietiea 
in  the  threads  of  the  screws  to  be  cut ;  they  are  usually  five  or  six  inches  long; 
p  is  the  chuck  in  which  the  screw  is  fixed,  by  means  of  a  kind  of  hasp  or  shacUe 
bolt,  with  its  end  projecting  as  seen  at  h  ;  whence  it  is  projected  by  the  revolution 
of  the  regulating  screw,  between  a  pair  of  cutters  or  dies  at  t,  of  the  same 
degree  of  fineness  as  the  regulator  screw  used.  The  shape  of  the  thread  or  worm 
itself  depends,  however,  upon  the  form  of  the  operating  edges  of  the  cutters. 

The  patent  screws  manufactured  by  Mr.  Nettlefold,  of  Holborn,  are  made 
with  great  attention  to  the  perfection  of  the  worm;  the  upper  side,  as  intended 
to  be  represented  in  the  following  Fla,  1,  u  very  flat,  or  inclined  but  very 
little  from  a  plane,  passing  through  its  diameter,  which  causes  a  great  resistance 
to  its  being  foroiblv  pulled  out  of  the  wood ;  and  the  under  side  of  the  worm 
is  considerably  inclined,  which  greatly  facilitates  its  entrance  into  the  wood, 
rendering  it  unnecessary,  in  soft  elastic  woods,  to  bore  any  hole  for  its  recep- 
tion ;  the  form  is  best  seen  in  the  sectional  representation  of  a  portion  of  the 
screw  in  /W.  2,  the  black  space  being  the  screw,  and  the  tinted  parts  on  either 
side,  a  portion  of  the  wood;  also  exhibiting  the  facility  of  entrance,  and  the 
difficulty  of  drawing  out.  The  greater  part  of  the  common  wood  screws  sold 
in  the  snops,  are,  however,  very  wretchedly  constracted,  in  this  as  well  as  other 
respects.  Fig.  3  shows  a  section  of  their  shallow,  rough,  and  imperfect  worms, 
the  heads,  stems  and  nicks  in  which  are  fit  accompaniments  to  articles  so  fabri- 
cated. The  chief  defects  of  common  wood  screws,  besides  bad  threads,  are 
the  having,  at  the  termination  of  the  worm,  a  projectmg  burr,  which  is  apt  to 


tMT  imj  die  wood  befon  i^  and  lew*  littla  or  no  nlid  matler  fbi  the  ktbw 
la  bold  l^i  the  Dick*  in  the  headi  bring  loo  ahallow,  or  higbeat  io  tbe  middle, 
preTCDtiDg  tbe  icnw-drircr  from  taking  an  effident  bold  to  tutu  them  b  aod 


out  TImm  defect*  are  eanhUj  obriated  in  Hr.  Nettlefold'i  ictcw*,  and  they 
■re  mado  wHb  extnordinaiy  trath  and  beaut;,  Qolwithstanding  the  vtry  tow 
{nice*  at  which  tho;  are  manufactured. 

The  macbinei7  ay  which  wood  icrawi  are  made  Tarji  conuderabl;  in  tha 
different  mannlactories,  and  numenra*  piUent*  bare  been  niccesiively  Ukenout 
improved  proccaiea;  in  several  of  which,  attempts  have  been  made,  with 


I,  to  fabricate  them  without  the  interventioQ  of  hnman  h 
ftrtbn  than  fiimisbing  the  t»w  material  to  the  machines.  Several  persoDS 
have  incceeded  in  eattittg  screm, — an  operatioa  of  a  very  curioua,  and,  appa- 
rency, difficult  nature.  A  Staffordihire  manofacturer  of  the  name  of  Maullin, 
bad  a  patent  for  an  ingenious  process  of  this  kind,  which  is  described  in  the 
13lh  voloma  of  the  Repertory  of  jirU, 

Immense  quantitiet  of  screws,  of  the  smaller  kind,  are  made  from  wire,  in 
the  neighbourhood  of  Birmingham  and  Wolverbaaipton.  Thej  are  chiefly 
made  in  the  houses  or  cottages  of  the  workpeople,  wherein  ibe  children  mate- 
rially assist;  the  screwing  being  efiected  by  turning  a  winch  handle  fixed  to 
the  end  of  a  c^lmdrical  mandril,  the  other  end  of  which  is  fiimiifaed  witb  a 
chuck  to  contain  the  screw  blank,  which  is  thrust  forward  and  turned  round 
between  steel  die*  fixed  in  a  puppet  head,  the  action  being  regulated  by  ascrev 
thread  on  the  mandril,  taking  into  a  bijlow  screw  fixed  in  an  inlermediata 
puppet  head. 

In  the  41st  volnroe  of  the  JVmuaetioiu  of  lie  Soarhf  of  ArU,  is  described  a 
very  convenient  and  simple  tsp  (invenied  by  Mr.  Siebe,  of  the  Strand)  for 
cutting  hollow  screws  in  wood,  by  which  workmen  are  enabted  with  the  uma 
tool  to  form  either  right  or  left,  single,  double,  or  treble  hollow  screws  of  the 
same  diameter.  The  screws  capable  of  being  made  by  this  implement,  are, 
howerer,  far  fitim  being  matbeinatically  accurate^  but  will  be  found  to  be  quite 
'     '  '     n  Uie  oiubI  way,  and  ad^itad  to  the  use  of 

n  kind*  of 


IT  screws  made  in 


various  wooden  articles  of  domestic  fiimilure,  and  to 
machinery. 

The  Up  is  a  thin  quadrilateral  piece  of  steel,  of  the  length  and  breadth  of 
the  required  screw,  having  it*  longitudinal  edges  cut  into  saw  teeth;  the  teeth 
in  one  row  being  opposite  to  the  interval*  in  the  other,  and  therefore  represent- 
ing a  section  of  a  screw,  the  teeth  being  sectionB  of  the  threads.  A  cylinder 
of  hard  wood  is  turned,  so  a*  to  correspond  with  the  dlmenaions  of  the  intended 
screw,  and  a  longiradinal  piece  being  sawn  out  from  the  middle,  representing  « 
section  tfaroutih  tlie  axis,  the  serrated  plate  i*  to  be  inserted  and  firmly  rivetied 
in  its  place.  The  cylinder  terminates  in  a  flat  head,  for  the  purpose  of  receiving 
a  key  or  lever,  which  enables  the  woi  kman  to  overcome  the  friction  experienced 
in  cutting  the  screw. 

In  order  to  use  this  tool,  a  cylindrical   hole,  equal  in  diameter  to  the  cylin- 
'  "n  a  ptee*  of  wood,  and  the  serrated  cylinder  being 


drical  stem,  la  to  be  bai«d  ia  a  piece  o< 


thm  iiitrixluced,  giving  it 
handed  icrew.  according  U 
two  or  three  tliread*  ■!  one 
double  or  treble-lhrFsdol  9 
Tbe  hard  wood  b«ing  firs 
teeth  are  made  by  «  "' 


wilba 


r  ipiral  mollDD,  will  forni  a  righl  or  left- 
on  in  which  it  is  turned ;  and  by  entering 
mmoQ  V  tool,  the  Mine  l«p  will  giie  a 


It  made  into  b  icrew,  the  blnde  is  rivetted  in,  and  the 
0  fit  the  woollen  (hresdi;  Ihe  blade  Ji  then  reniovcd, 
the  threada  in  the  wooden  cylinder  are  turned  off,  leaving  it  imvoth;  the  blade 
b  then  tapered  at  Ihe  point,  >o  that  the  first  t«lh  are  no  bigger  than  the 
eylinderi  it  a  then  tivetied  again  in  iti  place,  and  the  inHniinent  i>  complete, 
H  repreunted  In  Ihe  lubjoined  Fig,  I.  fig.  2  i*  an  end  view  of  Ihe  tame, 
which  i«  exhibited  to  ahow  that  the  cylinder  ii  cut  away  « litlle  where  ih«  i«eth 
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Fig.l. 


■te  inierted,  to  make  room  for  the  aharinga.  Ai  the  cylinder  fit)  the  hole,  and 
the  blade  ia  taper,  a  gradual  and  aleady  cut  ii  aecured,  which  may  either  be  to 
the  right  or  left  hand. 

Mr.Siebe  also  propose*  eteel  tapi  for  metal  screws  to  be  made  In  Ihe  tame 
manner,  bv  filing  away  a  solid  screw  of  metal,  so  as  lo  preienl  two  cutting 
•dpes.  aimilu  to  l^oae  attached  to  the  wooden  cylinder. 

SEWER.  A  subleiraneoui  channel  or  canal,  formed  in  lowna  and  other 
plaoei,  for  draining  and  purifying  ibeni.  Tbey  are  made  of  audi  materials 
and  forma  aa  luit  the  circumstances  of  the  locality,  and  come  loo  often  under 
the  obtervalion  of  the  public  to  need  our  explanation.  But  in  connexion  with 
this  tutgect  we  may  mention  the  scheme  of  Subwayi,  propoaed  by  Mr.  John 
ViDianiB,  of  Combill,  for  which  he  took  out  a  patent  in  1822,  and  slrore 
■rduously  to  gel  adopted  in  the  city  of  London.  The  title  of  the  patent 
CXpUini  its  object,  viz.,  "a  method  to  prevent  lb«  frequent  removal  of  the 
nent  and  carriage  paths  fur  laying  down  and  lakiiig  up  pipes,  and  for  other 
treel«,  roads,  and  public  highwajt." 


i 


Tha  nature  of  Mr.  Williams's  plan  trill  b«  fully  understood  on  Inapectian 
of  die   auDKed  drawing,  repreaenting    a  tranarene   section   of   the  tttecL 


r  rreprescnti  [he  paved  road-way;/,  l)ic  foot'pavemenl;  b,  o  unction  of  (he  front 
wall  of  the  boaraicni  slory  of  a  house,  with  a  pipep  W  supply  waWr  from  one 
of  the  maias  o,  cooUined  in  (he  aub-wsf .  The  oppoaite  aide  of  the  diagram  u 
incomplete,  having  been  cul  olf  for  want  of  twrni;  the  pipe  p  there  ahown  M 
for  the  auppty  of  the  houie  on  that  aide,  with  either  gas  or  water;  the  upper 
pipei,  which  may  be  supposed  to  belong  to  different  companies,  are  gtupended 
to  the  crown  of  the  srch  ny  iron  slrnpi.  The  lower  pipea  are  supported  upon 
the  floor;  m  m  ahows  the  outline  of  the  masonry ;  i,  the  commoa  sever,  which 
has,  at  stated  distances,  openings  into  the  aub-najs,  but  secured  by  ait'tight 
doon,  to  prevent  the  escape  of  effluria;  I,  one  of  the  boles  covered  with  a 
grating,  fur  the  wtmiuion  of  light  and  the  circulation  of  air.  The  pntentee 
proposes  to  build  hia  "lub-ways,"  (as  he  terms  them)  when  practicable,  over 
the  sewcTB,  with  drainage  from  them  into  the  sewersj  the  dimensions  are  about 
7  feet  high  and  4  feet  wide,  but  these  maybe  varied  according  to  circumstances. 
Openinn  ate  to  be  made  on  the  tops  of  the  sub-waya,  or  tunnel,  at  every 
hundred  feet,  for  the  purpose  of  admitting  air  and  light;  and  passages  are  to 
be  made  in  the  sides,  to  admit  inspeclors  and  workmen.  Along  each  aide  of 
these  tunnels  are  to  be  arranged  pipes,  to  supply  the  inhahitanta  of  the  atreels 
under  which  they  are  built  with  water  and  gaa. 

Amongit  the  adTantages  enumerated  by  the  patentee  to  be  derived  from  the 
inlroduclion  of  lub-ways,  may  be  noticed  the  facility  with  which  a  line  of  pipes 
may  be  deposited  along  a  atreet,  without  breaking  up  the  pavement,  and  tlie 
cunsequent  annoyance  to  the  inhabitants,  obatrucliun  to  the  pasiengera,  and 
detriment  to  the  atabilicy  of  the  roads;  the  immediate  access  at  all  limes  to 
inspect  the  pipes,  eSect  the  requisite  repairs,  or  ohiain  an  additional  supply  oT 
water  in  cases  of  fire,  and  butter  opportunities  of  repairing  and  clearing  the 
common  sewer,  whether  it  be  situated  underneath  or  alongside  of  the  sub-way. 
SHEATHING,  in  Naval  AreMUclure,  a  sort  of  covering  nailed  all  over  the 
outside  oT  a  ship's  bottom,  to  protect  the  planks  from  the  ravages  of  worms. 
Formerly,  tliia  iheathing  consiated  only  of  boards  tarred  and  payed  over;  but 
now  copper  is  resorted  to,  not  merely  as  a  substitute,  but  u  an  additional 
covering,  and  it  has  became  almost  universal,  where  the  eipenae  can  be  ilu- 
tained;  it  is  of  especial  utilih^  in  vessels  m^ing  long  voyages  and  into  warm 
climates.  The  rapid  corrosion  of  capper,  by  the  action  of  sea  water,  renders 
the  frequent  renewal  of  it  a  very  serious  item  of  enpense  to  the  ship-owner.  In 
a  patent  which  Mr.  Robert  Muihet  took  out  a  few  years  ago,  "  for  certain 
means  or  processes  for  improving  the  quality  of  copper  and  alloyed  copper,  to 
as  to  render  it  more  durable  when  employed  as  sheacliing  to  ships  bottoms,"  he 
states,  that,  owing  to  some  defect  in  the  manufacture  of  the  copper,  the  sheaOi- 
ing  upon  a  ship  is  sDmelimes  worn  away  by  oxidation  in  a  much  shorter  period 
than  usual.  'I  ne  cause  of  this  Mr.  Mushel  considers  to  arise  not  simply  from 
the  impurity  of  the  metal,  but  from  tho  undue  proportion  of  the  alloy  with 
which  it  may  be  mixed.  He  also  stales,  tliai  he  has  found  that  the  purctt 
copper,  exposed  to  the  action  of  sea-water,  is  not  so  tenacious  as  when  alloyed 
iu  the  manner  he  propoaes  in  his  specification,  and  on  which  he  founds  hii 
patent.  He  directs,  that  to  lOOlbs.  of  copper  is  to  be  added  2  oz.  of  the 
regulus  of  zinc,  or  4  oz,  of  the  regulus  of  antimony,  or  8  ra,  of  the  regulus  of 
aisenic,  or  2  ot.  of  grain  tin.  Instead  of  these  alloys  separately,  they  ma;  be 
employed  in  conjunction  in  the  roUowing  proportions:  vii.  to  lOOlhs.  of  the 
copper  add  half  an  ouuce  each  of  the  i^inc  and  tin,  1  oz.  of  the  antimony,  and 
2  oz.  of  the  arsenic 

Mr.  Chrisiopher  Pope,  of  Bristol,  took  out  a  patent,  in  IS24,  for  the  manu- 
facture of  metallic  sheathing  in  which  copper  ia  altogether  discarded.  These 
plates  are  composed  of  tin  and  zinc,  or  of  tin,  lead,  and  zinc.  Mr.  Pope  sayi, 
m  his  sneciRcation, — "  To  unite  tin  and  line,  I  take  a  certain  quantity  of  zina, 
and  melt  it  in  an  Iron  pot,  and  when  melted,  I  add  an  equal  quantity  of  tin; 
and  having  stirred  ihcm  together  in  a  fluid  state,  I  cast  cakes  of  it  in  moulds  of 
iibmil  8  inches  broad,  10  inches  long,  and  {  of  an  inch  thick,  which  cakes  are 

■fl--rwards  hnminered  or  rolled  out  into  sheathing To  unite  tin,  lead, 

mill  zinc,  I  mell  a  certain  quantity  of  lead,  and  add  to  il  twice  the  quantity  of 
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tin.  Thii  eompotttion  I  eait  into  imall  lamps,  and  having  melted  three  times 
as  moch  sine  as  I  had  previoosly  melted  of  lead,  I  then  add  the  amslllamps  of 
tin  and  lead,  and  melt  the  whole  together;  which  method  I  find  to  be  the  best." 
This  mixture  he  easts  into  cakes  of  the  siae  before  mentioned,  and  ihtn  rolls 
them  into  sheets;  and  he  particularly  enjmns,  that  no  more  heat  be  used  than 
is  just  suflBcient  to  eompoond  die  alfov,  as  the  metal  becomes  hardened  by  an 
excess  of  heat;  and  that  it  is  adTisahle,  in  rolling  out  the  cakea^  to  heat  Uiem 
to  the  temperature  of  boilinff  water,  by  which  he  says  that  **  they  will  roll  or 
hammer  softer  than  when  cud."  This  metaUie  sheauing  has,  we  are  informed, 
been  mote  extenaiTely  employed  for  covering  of  the  tops  of  houses,  than  die 
bottoms  of  ships. 

A  few  years  aeo,  some  very  fiiYourable  accounts  were  published  of  the  patent 
Indian  rubber  mathing,  conostin^  of  a  coarse  fabric  of  fibrous  material, 
saturated  with  a  solntion  of  the  ebstic  resin,  together  with  pitch  and  tar.  The 
mice  of  the  sheathing  was  ten  pence  per  sheet,  of  the  siae  of  34  inches  by  20. 
It  was  tend  to  be  a  complete  protection  against  the  worm,  and  must,  at  the 
least,  we  think,  form  an  improved  substitute  for  the  felt  in  eeneral  use. 

It  was  lor  some  time  supposed  that  Sir  H.  Davy  had  ttseorered  a  remedy 
against  the  rapid  oxidation  of  the  copper.  Regarding  the  action  of  the  sea- 
water  upon  copper  as  of  a  galvanic  nature,  that  sreat  chemist  considered  that, 
by  the  addition  of  small  pieces  of  tin  and  dnc,  ue  copper  would  be  rendered 
nmtively  electrical,  and  oxidation  prevented.  Ships  were  sheathed  on  this 
pnnciple,  and  sent  to  sea;  but  they  proved  such  bad  sailers,  from  the  foulness 
of  their  bottoms,  that  a  negative  was  soon  put  upon  the  scheme.  It  is  true  that 
the  copper  was  thus  protected  by  the  sine  and  tin,  but  the  barnacles  (shell-fish) 
attached  themselves  so  much  to  the  protectors,  as  to  introduce  a  greater  evil 
than  they  were  calculated  to  remedy.  Sanguine  hopes  were  entertained  of  the 
success  of  this  plan,  and  the  disappointment  consequent  upon  failure  was,  of 
course,  extensively  felt  Founded  upon  the  same  theory  or  the  galvanic  influ« 
ence,  a  patent  was,  a  few  years  ago,  obtained  by  Professor  Pattison,  for  making 
use  of  iron  plates,  protected  by  sine,  which,  it  was  asserted,  entirely  prevented 
the  oxidation  of  the  iron:  and  that  a  ship  sheathed  with  iron  and  litde  bits  of 
sine  had  been  two  years  at  sea,  and  returned  home  with  a  clean  and  bright  sur- 
fiice.  The  specification  of  the  patent  states  that  the  iron  plates  may  be  of  the 
usual  dimensions  of  the  copper  plates,  and  for  each  area  of  100  inches  in  the 
iron,  a  plate  of  sine  of  from  one  eiehth  to  one  fourth  of  an  inch  thick,  equal  to 
five  inches  in  area,  is  attached  to  the  lower  extremity  of  the  sheet,  so  mat  in 
sheathing  the  vessel  from  the  upper  part  downwards,  each  succeeding  sheet  of 
iron  shsiu  be  in  contact,  by  lapping  over,  with  the  sine  plate  of  the  sheet 
immediately  above  it  Plates  of  sine  must  also  be  attached  to  the  inside  of  the 
sheet  of  iron,  bearing  a  proportion  in  area  to  those  on  the  outside,  of  3  to  5. 
The  spikes  and  bolts  by  which  the  sheathing  is  fastened  to  the  vessel  are  each 
to  be  furnished  with  a  disc,  or  washer,  of  sine,  fitting  closely  to  the  head;  and 
it  is  recommended  that  they  be  driven  well  home,  to  insure  perfect  contact* 
The  nails  employed  are  to  be  made  concave  under  the  head,  and  the  cavity  is 
to  be  filled  with  melted  sine.  The  proportion  of  five  square  inches  of  sine  to 
one  hundred  of  the  iron,  is  not  insisted  on;  any  greater  proportion  will  be 
equally  efifectual,  and  the  sine  may  be  alloyed  with  copper,  tin,  or  lead,  in  the 
proportion  of  from  3  to  10  per  cent  By  this  mode  or  sheathing  vessels,  it  is 
asserted,  in  the  specification,  that  the  corrosion  or  oxidation  of  the  metal  will 
he  nearly,  if  not  entirely,  prevented. 

SHIP.  The  general  name  for  any  large  vessel  fitted  with  one  or  more 
masts  and  sails,  for  the  purpose  of  navigating  on  the  sea.  The  name  ship  is, 
however,  more  strictly  and  properly  appued  to  a  vessel  with  three  masts  and  a 
bowsprit ;  each  mast  consisting  at  least  of  two,  and  most  freouently  of  three 
component  parts ;  namely,  lower^mast,  top-mast,  and  top-gaUant-mast,  each 
of  them  having  its  corresponding  yxd  carrying  a  square-ssQ  rigged  aloft, 
the  bowsprit  uso  being  fixed,  and  fumbhed  with  sprit-sail-yard,  jib-boom, 
&C.  Hie  distinguishing  features  of  sea-going  TesseU  of  other  descriptions 
are  noticed  under  their  respective  heads ;  and  as  it  wiU  not  accord  wito  the 
VOL.  II.  4  a 
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ptesctibcd  limit*  or  tii'i*  « 
■rchiterbire,  <ce  iliall  in  tl 
Mine  intcreitiiig  imjiroveii 
made  by  ingpnioui  and  sclc 

A  fe«  yem  Bince,    Mr.    U.ivid    ICpdmuni). 
London,  (wlio  wn«  uripiiiLjIy  a  >Iii]>w[ighl,) 

iti  in  the  moitr  i>f  cuiist  rue  line  Ihe  liiilla  at  sliipi  nnd  other  vfsaets,   tlie 

n  object!  or  wliii'h  were   i)ie  ohiuiuiiig  ufa   more  eSWctuol  srrurity  agntntt 

ihipmeek,  aud  liuilitatiDg  tlie  gtacrti  uduptton  of  ttcant  nBTigaiion.    The 


Jtk  to  enter  ol  Inrge  into  the  lutgeet  of  I  _  ^ 
3  place  introduce  to  the  attention  of  the  rckdM 
■nit  and  auggestiont,   wliicb  hare  lecently  1 

of  the  C1ly-r 
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•nffieifliit  strength  to  reiitt  iU  meh  ihoctt  or  concutsiofn  jit  yeMeli  mtt  liable  to 
meet  with ;  so  that  when  planked,  she  should  acquire  the  full  portion  of 
additional  strength  which  ean  he  imparted  to  her  construction  hj  that  process, 
and  that  the  shocks  or  coneuasions  to  which  all  vessels  are  liable,  should  not 
be  leeeiYcd  on,  or  affeet,  the  tree-naUs,  or  bolts,  which  secure  the  planking  to 
the  firame  of  the  vesseL  Now,  as  the  present  vessels,  previous  to  planking 
are  not,  by  their  constructions,  capable  of  supporting  themselves,  and  only 
acquire  strength  by  their  planking  bein^  secured  to  the  frame  or  timbers,  by 
wooden  tree-nails  or  bolts,  I  presume  it  is  evident  that  the  greatest  portion  of 
every  violent  strain,  shock,  or  concussion  that  the  vessel  is  subject  to,  must,  in 
a  great  measure,  be  recmved  and  sustained,  in  some  direction  or  other,  by  the 
aforesaid  wooden  tree-nails  or  bolts,  which  have  first  given  strength  to  the  fabric 
by  securing  the  frames  and  planking  together.  The  ribs  or  timbers  not 
being  united  close  together,  there  seems  to  be  nothing  to  prevent  the 
greatest  portion  jof  the  shocks  being  received  by  the  tree-nails  or  bolts ;  the 
repetition  of  the  shocks  soon  worn  the  tree-nuls  loose  in  their  holes,  and 
the  vessels  then  become  erazy  and  leaky;  which  shows  clearly  how  very 
inadequate  they  must  be  for  the  purpose  of  sustaining  any  lengthened 
continuation  of  such  strains  and  concussions  as  all  vessels  are  liable  to.  In 
my  construction  of  vessels  1  have  no  vacancy  between  my  ribs  or  timbers ;  but 
I  begin  at  the  middle  of  the  ship,  and  bolt  each  rib  or  frame  firmly  to  its 
fellow,  inserting  the  bolts  in  each  that  are  to  receive  the  next,  as  shown  in  F^.  3, 
which  shows  six  of  the  first  ribs  connected  together,  with  the  heading  joints 
always  crossed,  and  the  bolts  standing  out  to  receive  the  next  rib ;  so  1  work 
right  and  left  to  the  head  and  stem,  as  shown  in  Fig.  1,  which  is  a  longitudinal 
section  of  all  the  ribs  or  timbers,  shovring  the  bolts  let  in  at  the  heads  to  admit 
of  each  rib  being  bolted  close  to  its  fellow,  each  requiring  to  have  holes  made  in 
them,  to  receite  the  nut  of  the  bolts  of  the  previous  one,  as  is  seen  in  Fig,  I. 
My  heading  joints  are  each  grooved  a  little  way  in,  and  a  tongue  or  tenon  of 
metal  driven  in  after  it  is  in  its  place,  which  will  serve  as  a  stop  to  die  caulking, 
and  give  steadiness  to  the  ends ;  and  the  tongue  or  tenon  should  enter  about  an 
inch  or  more  into  the  ribs  on  each  side.  It  will  be  requisite  to  have  as  large 
washers  or  plates  under  the  heads  of  the  bolts,  and  also  under  the  nuts,  as  the 
size  of  the  timbers  will  admit  of,  only  the  edge  of  the  plates  should  not  come 
within  three  quarters  or  half  an  inch  of  the  face  of  the  timbers ;  so  that, 
when  caulked  inside  and  out,  both  bolts  and  plates  are  secured  from  air  and 
water.  The  holes  for  the  bolts  should  be  about  one-fourth  of  the  thickness,  or 
a  little  more,  from  each  edge ;  so  that,  if  the  timber  were  eight  inches,  the 
centre  of  the  hole  should  be  about  two  inches  and  a  quarter,  or  two  inches  and 
a  half  from  each  edge.  It  may  be  found  proper  in  some  light  constructed 
vessels  to  have  the  bolts  in  the  centre  of  the  timbers ;  in  such  cases  the  vessels 
will  be  exceedingly  strong,  but  will  not  be  so  stiff  as  the  other  way.  It  will  be 
seen  by  Fig.  1,  that  all  my  timbers  are  made  smaller  at  the  upper  end,  and 
larger  at  the  lower  part  next  the  keel ;  and,  as  every  good  practical  ship-builder 
is  acquainted  with  the  prevailing  methods  of  striking  out  the  timbers  to  stand 
at  any  angle  or  inclination,  I  need  only  remark,  that  the  anele  of.  inclination 
at  which  1  have  shown  the  timbers,  appears  to  me  to  be  the  best.  But  if  the 
test  of  experience  should  suggest  any  alteration,  it  is  easily  done  by  making  the 
timbers  more  or  less  of  the  wedge  form,  as  may  be  found  best 

'*The  section  No.  1  also  shows  the  timbers  are  of  various  dimensions,  as  it  is 
not  absolutely  necessary  they  should  be  all  of  one  size,  only  they  should  be 
tapered  in  proportion,  so  as  to  keep  the  proper  angle;  but  they  should 
be  all  of  the  same  dimensions  the  other  way,  so  as  to  produce  an  even 
surface  for  the  planking,  as  at  present ;  and  I  should  always  keep  my  timbers 
to  their  fullest  dimensions  from  outside  to  inside,  as  the  more  I  increase  the 
surface  of  my  abutments,  the  greater  the  stability  of  the  vessel, — always  bearing 
in  mind  that  I  am  constructing  an  arch,  to  be  self-abutted  in  every  direction.  I 
can  reduce  the  thickness  of  the  planking,  and  increase  the  thickness  of  the 
timbers,  and,  by  so  doing,  greatly  increase  the  strength  of  the  vessel ;  and  as 
strength  uid  stability  are  the  principal  objects  I  propose  to  obtain  by  my  im- 


provemenbi,  in  tlioae  parti  of  the  veaael  at  or  near  [he  heai  or  item,  w)ier«  t1i« 
riU  forin  a  ihnrper  or  more  acute  uigle  at  the  keel,  as  ahowti  b^  figi.  7  aitd  S, 


rould  keep  the  line  oflhe  timbers  i 
which  crou  llie  keel  being  cut  out  of  i 
grain  running  too  much  acrow,  and  to 
termed  dead  wood  or  chocks,  as  ihc 

■eeured  i 


the  circle,  to  admit  of  the  limber* 
reea  of  moderate  dimenaious,  nitlioul  the 
fill  out  the  ihspe  nrith  whiil  ii  lecbaiealljr 
Ka  bj  Figi.  7  and  8,  which  shtnilil  be 
felluw  piece;  which,  bj  iiicrcaaing  tlie 


surface  of  the  abutments,  adds  stability  to  the  vch,  and  piuportionalc  strength 
10  the  vessel. 

"  If  any  objection  should  he  made  about  the  quantity  of  deod  wood  orchocka 
Bccumulaline,  by  adhering  itriclly  to  the  rule  laid  down  la  relalireco  figt.  7tU)d8, 
1  would  wish  it  tofaeundentood,  that  if  the  ribs  were  prepared  for  those  parts  ■■ 
they  are  at  present,  only  to  diminiih  them  from  the  lop  to  the  bottom,  as  before 
staled,  and  bolt  them  firmly  together,  and  to  the  kepi,  a*  at  present,  the  tcmcI 
would  be  infinitely  stronger  than  by  the  ordinary  mode,  hut  would  nut,  ia  my 
opinion,  be  of  equal  strength  and  durabill:y  ai  if  executed  agreeably  to  ibe  rule 
laid  down  in  Figt.  7  and  8;  as,  on  my  plan,  if  the  whole  of  the  keel,  ilrrn-poat, 
and  the  dead  wood,  were  all  carried  awsy,  the  frame  of  the  vessel  would  tenuin 
firm  and  secure,  and  would  only  have  lost  the  trifling  noriion  of  strength  ihe 
had  acquired  from  her  keel  and  dead  wood  being  affixed  to  ber  frame.  It  itiay 
be  proper  here  to  remark,  that  on  my  improved  mode  of  ship-building,  everjr 
addilional  piece  of  timber  affixed  to  it  from  the  first  rib  or  frame  to  (be  lovt 
plank,  all  and  every  additionul  piece  bo  affixed  brings  with  it  its  proporlionale 
addition  of  slr^nglh  and  slabilily  to  the  vessel,  beyond  its  own  weight.  Erm 
what  is  tei'hnic»l1y  termed  dead  wood,  on  my  principle,  brings  its  proportianate 
addition  of  strength  and  stability  to  the  vessel,  if  it  is  put  on,  and  secured  to 
each  rib,  and  boiled  to  Its  fellow  as  directed. 

"  The  beams  on  which  the  decks  lay  should  be  secured  to  the  sides  of  the 
vessel  In  thtr  usual  manner ;  but  as  room  is  considered  a  great  object  between 
decks,  and  the  present  decks,  beams,  iind  planking  loke  up  from  10  and  11  to 
14,  16,  and  18  inches,  according  to  the  sixe  of  the  vessel,  and  the  ituniher  of 
decks,  &c.,  1  propose  cutting  oak  seanltlng  to  the  size  or  thickness  of  the  ilecka, — 
aay  about  S  or  8  inches  square,  according  to  the  width  of  the  vessel, — keeping 
the  curve  of  the  deck  as  much  as  possible,— say  about  7  or  8  inches  in  the  width, 
of  about  28  or  30  feet,  and  the  scantling  about  6  or  8  inches,  taking  about  the 
same  quantity  of  limber  as  at  present  used  in  beams  and  planking.  Tliese  1 
holt  firmly  together  (see  Fig.  5,)  after  the  same  maimer  as  the  ribs  of  the  bulls, 
with  about  three-quarter  or  seven-eieht  bolt^,  according  to  the  rate  or  tonnage 
of  the  vessel.  The  scantliiig  should  be  all  tlie  length  across  the  vessel,  and 
being  bolted  together  as  above,  would  be  found  of  great  strength ;  but  to  increase 
the  strength  as  might  be  required,  I  would  truss  two  together  at  about  6  or  8  feel 
apaTt,aE  in  middle-deck  Fig.5  ;  or  a  truss,  constructed  as  Fig.  14,  might  helnscrted 
into  each  scantling  ;  or  a  rule  joint  self-nhuited  chain,  as  Fig.  13,  might  be  let 
into  ihe  edge  of  the  scantling,  for  the  some  purpose :  and  ihey  should  conlJnue 
through  ihe  sides  of  ihe  vessel,  having  a  stout  nut-screw  and  plate,  to  enable 
them  to  secure  the  aides  firmly  to  tlie  deck, — thus  answering  a  double  purpose; 
and  by  having  fewer  or  more  of  them,  the  decks  may  be  made  of  any  adiliiiunal 
strength  required,  with  an  even  surface  underneath,  yet  will  not  take  up  half 
the  space  occupied  by  the  present  decks.  I  merely  name  these  methods,  if 
addiliiinat  strength  should  be  required;  but  it  is  my  opinion  there  will  he 
sufficient  atrengin  without  ihem.  In  vessels  where  eipenses  or  first  cost  were 
not  an  object,  the  timlwra  mielil  be  prepared  with  a  circular  groove  in  the 
centre,  («ee  Fig,  10,)  in  which  groove  a  itiongly  twisted  rope  of  oakum  might 
be  put,  which,  beinglefl  rather  large,  woidd,  when  screwed  u[i  tight,  form  aslrong 
and  tough  tongue  or  key,  and  also  a  stop  for  the  caulking.  The  decks,  if 
required,  could  he  done  in  the  same  way,  and  Ihey  might  he  caulked  on  botti 
sides,  if  requisite,  and  if  any  ohiection  should  arise  about  the  joints  of  the 
decks  niuning  across  the  ship,  ihey  might  board  it  the  uiher  way  with  thin 
boards  (ns  see  Fig.  5),  or  the  scantlings  might  run  from  head  to  stern,  kept  to 
the  cnrve,  and  boiled  together  the  same  as  the  others;  in  whith  ciue  it  wuiild 
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as  ihe  other  vay.  f^g.  4  abava  how  the  timbErs  cc 
and  circular  stern  rf  the  vp»sel.  Tlic  keel  or  siAD-poit  ii  not  ihovo,  ai  it  is 
nnl):  to  ihow  bow  the  timberB  finish,  nnd  also  what  veiy  ibott  plecM  maj  be 
□ccanonally  uted ;  ai  the  strength  of  the  arch  dim  not  lo  much  depend  00  tbi 
length  of  tlie  pieces,  as  on  the  increased  surface  and  effitctiul  teemity  of  Iha  . 
abuimenti.  It  will  be  undentwd  that  apacea  for  port  boUt  b  *hipa  of  var 
cm  be  left  without  mnlerially  diminishing  the  itTCngth  of  the  TMid. 

"  It  is  supposed  in  this  description,  that  the  Iceel  iafintUid  down,  u  umallf 
done,  oDiyits  intemitl  edge  will  be  rarmed  to  tbe  entreof  the  tutderpaitof  Uw 
bull,  exclusive  of  the  filling  out  piece*  or  chocki  alluded  to  hi  f^  7  and  8. 
My  improved  ship  now  having  her  decks  in  and  finnlj  Mcorod  to  tba  bean* 
on  whicb  tliL-y  rest,  and  aba  to  the  aides,  head,  and  rtem  of  fee  Ttwri,  aftar  Iht 
methods  before  deicribed,  I  now  proceed  to  caulk  all  ber  jointa,  innde  and  ont^ 
and  her  decks  also;  which  being  done,  she  then  pre«nt(  tbe  norel  aigbt  of  a 
■hip  of  great  ilrengtb,  previona  to  planking;  presenting,  in  everj  Bsuilable 
direction,  the  strength  and  resistance  of  an  arch.  lelf-nippaTted  and  aeir-abDUed 
in  every  direction, — no  bolt  or  pin,  but  those  wbich  tecure  the  decks  to  the 
frnme,  being  visible  Ibtougliout  her  wbulc  franu-,  to  COn*ey  to  the  beholder  Ifae 
ilighteit  idea  of  the  mods  hy  which  her  abotmenti  are  secured;  and  ber  frame 
■o  finnlj  united  together,  her  innaible  endless  chaini  of  bolta  being  perfectly 
■ecured  from  air  and  water  by  the  canlking  iniide  and  out,  the  vessel  itaelf 
being,  of  coarse,  water-tight  every  where,  and  of  incredible  atirngth,  a*  the 
force  of  every  shock  is  received  on  and  divided  amODgit  her  Dumeroui  abut- 
ment!. In  this  state,  previous  to  planking,letlheeompariaanbedrawn between 
my  improved  ship,  and  one  of  the  present  day,  previoas  to  their  being  planked — 
one  of  great  itrength,  tbeolherof  no  itrength  at  all — not  beiiig  capable  of  sup- 
porting itself  until  planked.  I  would  now  remark,  that  as  the  procesa  of 
planking  impart*  aueh  a  great  degree  of  strength  to  all  modent-btiilt  vessels,  it 
will,  of  course,  appear  to  any  person,  that  tny  veeeel  must  derive  a  considerable 
additional  increase  of  strength  and  stability  bj  that  process,  as  the  tree-uails 
which  secure  the  planks  to  tbe  frame  cannot  be  disturbed  by  any  ihock*  or 
strains  the  vessel  may  receive,  the  force  of  all  outward  shocks  being  received 
on  and  divided  among  her  numerous  abutments — and  of  all  strains  from  weight 
or  cargo,  on  her  abutments  and  bolls,  wbich  must  be  drawn  apart  before  the 
tree-nails  can  be  afieeted,  whicb  cannot  occur  if  they  are  in  proportion  to  the 
tonnage  of  ibe  vessel.  I  now  plank  h^;  and  of  course  my  vessel  would  admit 
of  a  considerable  reduction  in  the  ihickness  of  the  planka  of  iblps  of  war,  which 
mar  be  added  to  Ihe  timbers, — how  much,  1  must  leave  to  the  discretion  of  tbe 
builden,  who  will  act  according  to  circumstances. 

"The  plankiogwould  be  fastened,  as  usual,  with  tree-nails,  oa  I  know  nothing 
belter;  and  as  the  force  of  any  shock  wil^  not  now  be  felt  by  them,  but  received 
on  the  abutments,  tbej,  of  course,  will  now  be  fully  effective.  Each  oltemale 
rib  should  be  boiled  to  the  keel,  and  Ihe  keelson  bolted  through  each  of  ihe 
others,  and  through  the  keel  also.  The  thickness  of  tbe  bolts  will  be  regu- 
lated by  the  weight  and  tonnage  of  the  vessel.  A  vessel  of  500  tons  should 
have  the  six  upper  bolts  within  six  or  eight  feet  of  the  lop,  in  the  first  sixteen 
or  eighteen  central  ribs,  that  is,  six  on  each  side  of  the  vessel  to  each  rib;  and 
each  bolt  should  require  a  force  at  least  equal  to  18  or  20  Ions  to  draw  it  apart. 
Tbe  decks  should  not  have  leas  than  three-^tuarter  bolls.  The  whole  of  the  holla 
would  be  best  ta  have  strong-threaded  screws,  with  Hdequete  thick  nuts  and 
plates  as  large  as  the  timber  will  admit  of,  and  in  those  of  the  decks  also;  should 
tbe  iron  be  thought  to  affect  ihe  compass,  a  great  number  of  these  might  be 
copper  bolts,  of  equal  or  of  adequate  strength.  It  must  be  undenlood,  I 
merely  mention  about  the  number  and  atrength  of  bolts  that  should  be  put  in  lo 
make  a  firm  and  aubstanlial  vessel,  with  limbers  Ihe  same  size  as  at  present, 
even  before  it  is  planked;  but  it  is  obvious  that  shtp-bullders  will  exercise  iheir 
own  discretion  on  ihat  head,  more  or  less,  according  to  circumstances;  so  that 
some  vessel*  will  be  so  incredibljr  strong,  that  a  storm,  or  being  driven  on  shore, 
would  hare  no  effect  on  ihem,  being  equally  secure  and  safe  on  land  and  water; 
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othera  would  not,  ptrhapi,  build  them  Mxtrongi  but  it  it  certain,  that  vith  the 
nine  quantity  of  timber,  and  a  sufficirncj  of  bdti,  agreeablj  to  the  icale  afore- 
■aid,  v«el>  maj  be  conitrueted  oo  thii  priuriple,  of  luch  itrenglh  and  Rlabitity, 
that  to  bear  of  the  wreck  of  one  of  them  would  be  quite  a  noTelty.  With 
timber  sod  bolla  propOTtioDale,  there  Deed  be  no  limit*  to  the  dimeiuioni  or 
■Irength  of  renel*  conatmcted  on  thii  plan,. — which  ii  what  ii  moat  wanting  in 
ateam  narigation,  the  detideralum  being  larger  and  much  atronger  vesaeli. 

"  It  will  be  aeen  that  very  atrong  veiaeU  may  be  cooatrurted  on  my  princi- 
plea,  wilb  the  timben  runuiBg  horiiontslty  or  longitudinally  Crain  head  lo 
■tern,  and  connected  together  as  before  described.  But  I  have  deacribed  them 
Tertieallj,  si  uaed  at  preienl,  which  1  think  to  be  the  beat,  atrongest,  and  aim- 
pleat  method  of  carrying  my  improvementt  into  effect;  ai  it  ii  ao  trifling  a 
rariation  from  the  preaent  mode,  being  aimply  improvement*  on  the  present 
melhoda  of  arraoging  and  conoecting  their  timbeia,  which,  if  strictly  adhered 
to,  and  genenJIy  adopted,  will  put  an  effectual  atop  to  the  appalling  annual  iosa 
of  lives,  treasure,  and  time,  to  which  we  have  been  ao  long  subjected ;  subtti- 
tnting  safely,  certainty,  and  punctuality,  in  all  the  future  navat  and  mercantile 
afiain  of  tbia  wonderful  and  snlerptiaing  nation, — ihua  keeping  our  own  proper 
INWCion  in  the  new  era  of  enterprise  opening  to  our  view,  m  the  general  adop- 
tion of  ateam  navigation  for  all  naval  and  commercial  purposes,' 

The  quantity  of  timber  consumed  in  the  construction  of  a  hull  of  this  kind, 
Iimuch  the  same  aa  in  one  of  the  ordinary  kind — the  quantily  of  bolts  about 
double;  but  as  a  great  quantity  of  iron  and  other  work  i>  superaeded  by  Mr. 
Redmund'i  plan,  the  total  coat  would  not  be  more. 

Mr.  Anneraley'a  patent  plan  of  building  ahipi  and  boats  is  exactly  the  oppo- 
site of  Mr.  Redmund's,  juit  deBcribed;  instead  of  depending  upon  the  rib 
timben  for  the  main  support  of  the  hull  of  a  vessel,  lie  dispensei  with  tliero 
entirely,  and  derive*  the  requiaite  strength  from  auccessive  courses  of  planks 
crossing  each  other.  The  following  account  of  the  invention,  derived  from  a 
periodical  journal,  will  be  found  sufficiently  explanatory. 

The  mode  of  proceeding  is  first  to  form  a  model  of  Ibe  required  dimen- 
sion*, and  legolale  the  *ymmetry  of  the  subordinate  arrangements  sccoTdiiigly; 
this  done,  the  model  is  cut  across,  by  which  the  form  and  proiionions  for  the 
mould  are  exactly  obtained,  as  shown  in  the  annexed  Fig.  1.  The  moulds  are 
Fig.\. 


(Section  of  Modtl.) 


(Ptrtptctht  Yitw  of  Moatdt  tel  up.) 
ttwether  the  perfect  shape  of  the  intended  *es*eU  they  are 
A  loDgilDdinal  layer  or  course  of  planks  is  then  faiiened  t' 
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immd;  nmieb,  bottom,  ridw,  ud  deck;  ■hMti  of  tamd  papw  an  tbm  laid 
<iii,aiiaaMeoiiii(!atin«orplaiik«Ii  pnt  upm  tba  coune,  ■thmt,  ^  Niind 
Ae  finl  MUtw,  aa  )lu)VD  in  tha  rabjdned  figure,  wtiioh  eiMwi  tha  frain  of  tha 
wood,  and  moat  eMentianj  contribtila  to  the  itreiigUi  of  the  febriej  eaoh  mine 
otfliib  ii  tno-naiUd  togellier,  and  the  Cannes  continned  in  altemata  dinc- 


(7%»  aUmuU/oreaitd  oft  and  cntt  ptantmg.) 

tioni  till  a  nifficicnt  nibitaiice  U  tcquired  for  the  etreugth  of  the  TesieL  The 
keel.  Item,  and  ■leni'-poiM,  we  put  on  with  the  l»*t  comae,  ai  ibown  io  fig.  4, 
"    '  "'        '        ■    ■  laited  through  aod  tl  "    '  '  '    ' 


(Profile  of  lie  Veael  eompkU.) 

{■  formed  b;  cnna  planking,  to  fill  up  the  tpaee  between  the  body  of  the  vraeel 
and  the  item  and  ilem-potta.  To  htb  the  bottom,  atiengtben  It,  and  keep  tha 
Tend  npright  when  agnnnd,  two  bilge  keela  are  tree-nailed  or  bolted  through 
into  bilge  planki  in  the  inaide  of  the  veuel;  itaochioni,  with  bracketi,  art  fixed 
to  the  lidei  and  deck,  and  (he  tnilwarki  are  fonned  prior  to  the  )ait  coune  of 
planking;  the  laat  course  ii  then  laid  to  lii<ish  the  deck:  the  batch wa7  and 
compamona  are  then  eut  out  of  the  eolid  deck,  and  the  coiDyni  iDlrodueed, 
Thii  tyttem  of  building  ii  said  torsqotTemuchleia  timber,  being  without  kneei, 
beama,  and  riba,  and  ia,  therefore,  more  boajrant — eaom  no  loss  of  time  in 
building,  for  aeaaoning  the  timber — avoid*  the  dry  rot,  from  ait  and  moialure 
being  excluded  from  the  inner  ccatnes — the  reaiatance  more  elaaiie,  and  pre- 
aenting,  in  every  directioti,  an  arch  to  nutain  external  thocki;  ftnd,it  i*  added, 
that  in  ease  of  warfare,  the  deatructive  aSccIa  ariaing  from  iplinlen  will 
be  entirely  avoided. 

Hr.  E.  Carey,  of  Briatirf,  who  hai  had  much  experience  in  ship-building,  and 
haa  su^eited  a  variety  of  improTements,  reeommenda  the  following  method  of 
fastening  a  ■hip's  side,  with  his  newly-invented  iron  knee*,  as  explained  by 
the  But^oined  figtirei.  Fig.l.  ia  a  boruontal  section  of  a  poKion  of  a  ship's  side 
and  heaiDS;  A  A  shows  the  ship'*  side;  B  B  the  timben;  C  C  the  thickness  of 
Ihe  DQtiide  planking,  D  D  a  plank,  Si  ioche*  thick,  which  goes  all  round  the 
■hip,  inside  the  timben,  again*!  which  the  iroo  knees  are  fixed,  and  bolted 
through  the  tide ;  e  e  an  hotiiontal  damp,  1 0  inehea  wide  and  6  inches  thick , 
F  P  Iha  iiwn  knees,  4  iochca  wide  and  2  mches  thick,  which  are  bdled  tbrongh 


tiie  bcami  and  ship's  side,  m  M  O  U.     ^.  2  if  a  section  of  the  st,....  „ 
fiff.  1.     H  i*  tlie  plank  «lieer;  I  llie  walcr  way;  J  J  llie  tnds  at  ihe  p 
K  a  bolt  tbut  goe*  tlirougli  the  ship's  side,  through  the  edge  ol"  the  » 
and  lix  atreaks  of  the  deck  below  the  beaui,  and  is  clenched  ua  an  i 


on  the  inner  plank;  L  the  arm  of  the  knee;  M  the  ihip'i  timber  and  *i 
IB  an  edgo-Wew  of  ih^  inner  plank,  hi  ihown  at  D,  Fig.  I.  These  iron 
and  water  ways  are  let  down  upon  the  beam  3  inchei,  and  also  six  of  the  occa 
planks,  and  bolted  through  also;  under  the  beam  a  plank,  Si  inches  thick,  i* 
Bnt  brought  on,  inside  the  ship,  against  which  the  ends  ol  the  tiesm  )tre6xed. 
The  horiiontal  clamp,  10  inches  wide  and  6  inches  thick,  is  tlien  brouglil  on 
under  the  edge  of  the  plank,  and  bolted  through  the  side.  On  ibis  clamp  the 
beam  is  doTelailed  in,  one  inch  down,  and  bolted  ihroiigh  the  end  of  tlie  beam. 
A  ship  fastened  in  this  way,  Mr.  Carey  sajs,  will  render  it  impossible  for  th*; 
side  to  move;  that  no  wet  can  possibly  get  down,  and  tliat  the  ship  will  thus 
be  kept  perfectly  dry  and  sound. 

Under  the  bead  Dock  have  been  described  the  usual  mechanical  arrangeoienta 
and  ptocesa  for  building  and  repairing  ships.  In  this  place  we  shall  add  a  ler^r 
ingenious  and  improved  method  of  bringing  up  ships  upon  the  ways  for  tha 
operations  of  the  ship  builder.  A  Committee  of  Inventions  appointed  in  tbe 
year  1827,  by  the  Franklin  Institute  of  Philadelphia,  to  whom  the  subject  WM 
referred,  drew  up  the  following  report  thereon,  which  seems  to  have  been 
dictated  by  sound  judgment  and  impartiality.  "The  Committee  of  Invenlioni,  to 
whom  have  been  submitted  a  model,  drawin|!S,  and  descriplioni  of  Iha 
'  Radiating  Railways  for  tbe  repairing  nf  Vesaels.'  invented  by  Edward  Clark, 
of  New  York,  civil  engineer,  report,  that  they  have  carefully  examiaed  the 
proposed  improvement,  and  consider  the  plan  as  offering  great  facilities,  when 
It  is  desirable  to  have  several  vessels  under  repair  upon  the  ways  at  the  same 
time.  Morton's  patent  slip,  which  is  in  use  in  Scotland,  is  of  sufficient  leneth 
to  contain  two  or  three  vessels;  hut  it  is  evident  that  whichever  was  the  laal 
hauled  up,  must  be  the  first  launched ;  and  they  must,  therefore,  be  frequently 
repaired  in  haste,  without  being  aUowed  that  lime  to  dry,  which  is,  in  monj 
cases,  a  point  of  great  importance.  To  obviate  this  difficulty  is  the  end  nropocn] 
in  the  plan  under  consideration.  It  does  not  appear,  from  any  thing  which  has 
been  presented  to  the  Committee,  that  Mr.  Clark  proposes  anything  novel  in 
the  construction  of  the  lower  part  of  the  railway,  or  of  the  carriage  upon  which 
the  veasel  ii  to  he   drawn  up;    its  dIsUnguisliing  feali^re   being   the    meani 

Srorided  fur  removing  vessels  out  of  the  direct  line  of  the  main  railway,  and  uf 
epodting   them   upon   sub-ways,  for  the  purpote  of   being  repwred.       T» 


■h  ttm  pmpoM  fiia  mptt  part  ttf  tha  nllm^,  for  a  lenatfa  •offidoBt 
t  B  TCMd,  M  daUdied  from  the  lower  put,  and  ia  mada  capable  m 
muhing  itp«n  a  Ann  beritontal  platTonn,  s  parpmdienUr  diaft  htna  whiek 
paMca  ifarougA  ^  opF**  ""^  '^  '^^  dMaehed  put  of  tha  nilwaj.  Thii  pUl- 
tbnn  ia  iba  aaguwiU  at  m  obd*^  but  it  may,  if  naBaiaiiT,  ptaaent  a  complete 
ctnh.  AtllMpan^imoft)ibi^mait,ihefixBdpart(>ftlMnilwBjtainiiutM, 
and  ^  dalaebad  nrobing  eoaunencaa  i  tlm  ii  ipportad  npon  tha  pladbm  b^ 
a  inSeiMit  nundier  irfitrat^  inn  raQcn,  I^tMod  InBtTonelj  oa  tha  lowar  part 
aftbeftwnawotkcf  wliieh  it  it  tbimed.    xba  i^ti^t  ahal^  anniid  wliich  the 


TTrrn 


detached  railway  ia  capable  of  nvoIviDc,  ia  alio  the  ibaft  of  the  windlaM,  bjr 
which  the  veuefi  are  to  be  drawn  up ;  Uiii  detached  tra^  may  tfaerefbn  be  con- 
aidered  aa  a  radiiu  to  the  cude,  of  which  the  platform  u  a  a^ment,  Wbcn  a 
•hip  ii  drawn  op  and  baiartiTed  npan  themovablapart  of  tlwnflwa7,apo«er 
ma;  be  applied  to  evrv  ihii  with  iti  load  to  the  leqniaiM  diitaoeo  round  tha 
circular  putfonn,  tiDtil  it  arrivee  at  s  mb-waj,  aavetal  of  which  aia  erected 
round  the  platfonn,  formiag  produced  radii  to  the  drcle.  Theae  are  precieeljr 
nmilar  to  the  main  railway,  with  the  eiceptiaii  of  their  not  iMing  eontiniud  to 
the  water,  but  only  of  luch  a  length  ai  to  admit  of  the  carriage  with  il«  load 
being  lowered,  and  depoetted  upon  them  until  the  intended  repaira  are.  made. 


5M  SHOT. 

In  the  drawing  which  accompanies  this  report  there  are  represented  six  8uh-wa3rs« 
and  of  course  upon  such  a  structure  seven  vessels  might  he  placed  at  a  time. 
The  main  expense  attending  the  erection  of  marine  railways,  is  in  constructing 
that  part  which  is  under  water,  where  nearly  Che  whole  of  the  labour  must  be 
performed  in  the  diving-bell.  In  the  mode  proposed  by  Mr.  Clark,  one  marine 
railway  would  be  sufficient  in  those  parts  where  many  vessels  may  be  required 
to  be  hauled  up ;  a  considerable  number  of  sub-ways,  with  their  appurtenances, 
might  undoubtedly  be  provided  at  an  expense  far  below  that  which  would  attend 
the  original  structure.  Afler  maturely  eonsidering  the  subject,  the  Committee 
are  fully  convinced  of  the  practicability  of  the  plan,  and  also  of  its  economy,  in 
those  situations  where  more  than  a  single  railway  would  be  desirable.  When 
once  constructed,  it  possesses  the  advantage  of  being  capable  of  extension  in 
the  number  of  its  sub-ways,  whenever  it  may  be  required."  Annexed  are 
engravings  from  the  drawings  referred  to.  Fig,  1  is  a  bird's  eye  view  of  the 
platform  and  railways.  A,  revolving  section  of  the  railway,  which  may  at 
pleasure  be  made  to  coincide  and  coimect  with  the  radiating  or  sub-ways  BB  B, 
or  with  the  main  railway  C,  extending  into  the  water.  D  is  the  shaft  or  pivot 
upon  which  the  section  A  revolves.  Fig.  2  represents  the  revolving  section, 
with  its  centre,  as  in  Fig,  1,  together  with  the  circular  iron  railways,  upon 
which  the  cast-iron  rollers  are  to  run.  Fig.  3  is  an  elevation  or  side  view  of  the 
revolving  and  permanent  railways,  supporting  a  ship's  carriage ;  A  being  the 
revolving  section  ;  B  or  C,  section  of  the  main,  or  the  sub-railway ;  D  shaft  for 
communicating  to  the  windlass  the  power  wiiich  is  generated  at  the  levers  d  ; 
this  shaft  is  also  the  pivot  around  which  the  section  .A  is  made  to  revolve; 
e  e  e  €j  &c.,  are  iron  rollers  connected  to  and  supporting  the  revolving  section 
in  the  circular  railways  ;  G,  ship's  carriage  resting  on  the  inclined  railways  ;  H, 
windlass  or  other  machinery  for  elevating  vessels  ;  t,  chain  by  which  the  carriage 
is  drawn  up ;  A:,  palls  to  prevent  /he  carriage  from  running  back  ;  /,  friction- 
rollers,  lying  between  the  movable  and  fixed  ways.  Fig,  4,  ground  view  of  a 
ship's  carriage.  Fig,  5,  transverse  view  on  a  larger  scale  of  a  ship's  carriage  on 
the  railways ;  a  a  cuneiform  blocks,  movable  on  rollers,  in  appropriate  grooves, 
to  prevent  lateral  rnotion ;  6  h,  bilge  blocks  moving  on  pivots,  and  resting  on 
rollers  adapted  to  a  a  ;  c  c,  ropes  by  which  the  cuneiform  or  wedge  blocks  are 
drawn  up,  and  the  bilge  blocks  forced  against,  and  adapted  to,  the  bottoms  of 
vessels. — Franklin  Journal,     For  a  variety  of  information  of  the  constituent 

Sarts  of  ships,  with  their  recent  ameliorations,  see  the  separate  heads,  as  Masts, 
LuDDERS,  Capstan,  Windlass,  Blocks,  Anchors,  Fids,  B()ats,  &c.  &c. 
SHINGLES,  in  Building,  small  boards,  nearly  resembling,  in  shape  and 
size,  the  staves  of  a  common  pail,  but  tapering  regularly  thinner  and  thinner 
from  the  broad  to  the  narrow  end.  They  were  formerly  used  instead  of  tiles, 
for  the  covering  of  roofs,  and  are  well  adapted  to  those  that  are  of  a  high 
pitch,  but  not  so  well  for  the  modern  low  roofs.  The  steeples  of  many  of  our 
country  churches  are  covered  with  shingles.  The  method  of  covering  a  building 
with  shingles  is  extremely  simple;  at  equal  distances  from  the  thin  end  there 
are  inserted  two  stout  wooden  pegs,  projecting  on  the  inner  side  about  two 
inches :  by  these  pegs  the  shingles  hang  on  pantile  laths,  nailed  horizontally 
across  the  rafters,  and  at  such  distances,  as  to  allow  each  row  of  shingles  to  lap 
over  the  next  lower  row  by  about  half  the  length  of  a  shingle.  Sometimes, 
however,  the  roof  is  previously  covered  with  boards,  on  which  the  shingles  are 
nailed;  but  this  method  has  the  disadvantage  of  being  far  too  expensive 
ior  common  practice,  especially  in  a  country  like  ours,  where  oak  is  by  no 
means  plentiful,  and  what  we  have  is  wanted  for  purposes  of  greater  national 
importance. 

SHOT.  A  missive  weapon  discharged  by  the  force  of  ignited  powder  from 
a  fire-arm  in  warfare  :  of  these  there  are  various  kinds,  as  round  shot,  or  bul- 
lets, a  ball  or  sphere  of  iron  whose  weight  is  in  proportion  to  the  bore  of  the 
cannon.  Double-headed,  or  bar-shot,  are  formed  of  a  bar  of  iron  with  a  bail 
at  each  end,  which  fits  the  muzzle  of  the  cannon.  The  middle  is  sometimes 
filled  with  composition,  and  the  whole  covered  with  linen  dipped  in  brimstone; 
10  that  the  cannon,  in  firing,  it  is  said,  thus  infiames  thecoinbustible**  or  com- 
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position,  which  sets  fire  to  the  sails  of  the  enemy.  One  of  the  heads  of  this  hall 
has  a  hole  to  receive  a  fusee,  which,  communicating  with  the  charge  of  the 
cannon,  sets  fire  to  the  bullet 

Chain  shot  consist  of  two  halls  chained  together,  being  principally  designed 
to  annoy  the  enemy  by  catting  her  sails,  rigging,  &c.  Grape  shot  is  a  combi- 
nation of  balls  strongly  corded  in  canvass  upon  an  iron  bottom,  so  as  to  form  a 
eylindrical  figure,  whose  diameter  is  equal  to  that  of  a  ball  which  is  adapted 
to  the  cannon.  Case  shot,  or  cannister  shot,  are  composed  of  a  great  number 
of  small  bullets,  put  into  a  cylindrical  tin  box.  They  are  principally  used  when 
tery  near,  to  clear  the  decks  of  the  enemy.  Besides  these,  there  are  others  of 
a  more  pernicious  kind,  such  as  langrage  shot,  star  shot,  fire  arrows,  &c., 
nnployed  also  when  not  at  a  great  distance  from  the  enemy. 

Cannon  shot  tliat  are  east  in  moulds,  usually  possess,  in  a  greater  or  less 
d^ree,  the  three  following  defects  : — first,  being  imperfect  in  their  spherical 
figures,  which  is  owinjr  to  the  expansion  and  aJteration  of  form  made  in  the 
■KMilda,  from  frequently  heating  them  ;  second,  containing  air  cavities,  owing 
to  the  air  being  caught  in  the  moulds  when  the  fluid  metal  runs  in  too  quickly 
Ibr  it  to  escape ;  third,  their  having  usually  an  indentation  where  the  metal  is 
poured  in.  To  obviate  these  defects,  Mr.  Boothby,  of  Chesterfield  Iron  Works, 
manufactures  his  cannon  balls  in  the  following  manner,  for  which  he  has  taken 
out  a  patent.  A  solid  ball  of  hard  wood  or  metal  is  turned  to  a  true  sphere 
(according  to  the  size  or  weight  of  shot  required),  and  then  cut  in  halves. 
These  halves  are  moulded  in  sand  boxes,  in  the  usiud  manner  of  other  castings, 
taking  care  that  the  sand  be  well  rammed ;  then  taken  out,  and  the  hollow 
moulds  thinly  coated  with  powdered  charcoal  mixed  with  water.  The  boxes 
0ontaining  the  moulds  are  next  dried  in  the  stove,  preparatory  to  receiving  the 
fluid  metal.  The  shot  thus  cast  are  said  to  be  perfectly  sound  and  spherical, 
owing  to  the  air  escaping  through  the  sand,  and  the  mould  being  unaltered  in 
its  figure  by  heating. 

SllROUDS.  A  range  of  large  ropes,  extended  from  the  mast  heads  to  the 
right  and  left  sides  of  a  ship,  to  support  the  masts,  and  enable  them  to  carry 
■ail.  The  shroud.*,  as  well  as  the  sails,  &c,  are  denominated  firom  the  masts  to 
which  they  belong ;  thus  there  are  the  main,  fore,  and  mizzen  shrouds ;  the 
main  top-mast,  fore  top-mast,  and  mizzen  top-mast  shrouds;  and  the  main 
top-gallaiit  fore  top-gallant,  and  mizzen  top-gallant  shrouds.     See  Ship. 

SHUTTLE.  The  instrument  employed  in  weaving,  by  which  the  crossing 
of  the  threads  is  mainly  effected.     See  Weaving. 

SICKLE.  An  instrument  for  cutting  down  corn.  It  is  simply  a  curved 
blade  or  hook  of  steel,  with  the  edge,  in  the  interior  of  the  curve,  serrated,  so 
as  to  make  a  cut  like  a  saw.  The  subjoined  engraving,  which  represents  the 
native  instrument  used  by  the  Singalese,  shows  that  the  sickles  employed  by  the 


•emi-barbarous  nations  of  the  East  differ  in  no  essential  respect  from  those 

Used  in  this  country. 

SIEVE.  An  iiistrument  for  separating  the  small.r  particles  of  substances 
from  the  grosser ;  they  are  made  of  various  forms  and  sizes,  to  suit  the  article 
^  be  sifted.  In  its  most  usual  form  it  consists  of  a  hoop,  from  J2  to  6  inches  in 
^epth,  forming  a  flbt  cylinder,  and  having  its  bottom  constituted  of  coarse  or 
Cue  hair,  canviuss,  muslin,  lawn,  net- work,  or  wire,  stretched  tightly  over, 
~    cording  to  the  use  intended. 


KW  5ILC. 

£  to  id  term,  mbJ  ii  laed  far  nftiBg 
TFTj  Sue  povdeta.  Il  ecnsi^  of  three  parli  M'  irctiaa*  ;  the  top  and  badii^ 
arctiaM  of  wbidi  nc  cemrf  vidi  jmi  hmmt  «r  Icatber,  and  fit  otet  and  oado' 
•  am  of  the  uaial  Gni,  whicfa  b  [Ji  i  il  btf  ten  tlma.  Being  vbm  doaed 
m,  (be  operator  h  not  wtatajvi  fay  ibc  dowli  of  powder  vhich  vciald  iMlii  i  aiw 
be  produced  b;  the  ^tanon,  and  ibe  "*'*"'l  midet  opoatiDn  a  Una  fared 

il  ooe  of  the  mtnt  abundant   inb- 

td  a  Ut^  portioa  of  the  globe  itaeU.  Il  it  tbe  dtief  cornponent  of  land.  iBad- 
■toDe,  liiat.  graaite,  qsaTtz,  piaplijij,  rock-cnntal,  agate,  and  mani  prTciatia 
Itones  ;  h  tl  tbe  cbief  lahstaace  of  vhich  glaa  b  maila ;  alaa  an  ingrniient,  in  m 
pnlreriaed  itate,  in  tbe  mannfactore  of  "  nooevare,  "  and  it  il  euential  ia  thr 
preparaiiDB  erf'  tenacMDi  mortar.  Stlex,  when  pan,  ii  a  fine  powder,  hanl, 
umpid,  and  inodoma  ;  roogb  to  the  toocb,  icra^ba  and  wean  awav  glaaa.  It 
doe*  DO(  farm  an  adheare  man  with  water,  hot  bib  to  the  botlom,  tearing  tbe 
water  dear :  bowerer,  if  the  olei  be  rery  miDiite] j  powdered,  a  onaU  poitiaD  <£ 
it  win  be  dnaolred  b;  tbe  water.  Silez  Hiaj  be  obtained  in  a  pan  (tale  br 
igoitiBg  puwdettd  ^aarts  with  three  porta  ofpon  poUih  in  a  bItct  cntdbie,  and 
""       '    '*  a  qoantitT  of  acid  aimcient  lonloiate  the  alkali:  then  by 

I,  tben  will  lemaia  a  gritlj  powder,  which,  when  wiafaed 
',  wiD  lie  pare  nlex. 

SILK.  A  rety  aoft,  Gne,  bright  thread,  the  prodoctioD  of  diflercnt  ipeciea 
if  ealerptDan  ;  bat  the  bombri  Bori  or  Blk-worm,  kcbaeflv  mldTUed  for  tlua 
[■jiiiuat ;  ^  il  a  naliTe  of  Qmia,  and  tbe  eoltorc  of  nlk  in  ancient  tintei  vaa 
entirely  confiBed  to  that  caoatrr. 

Tbe  natnial  biatorj  of  the  ulk-wonn  fonai  a  nlqect  highiT  intereirting  and 
enriom ;  bat  the  extnordinaiy  cbangn  whicb  the  animal  undergoei,  ai  well  aa 
ill  Banner  al  ipianing  iti  ball  or  acooa,  baring  probahl*  (alien  ander  the 
actoal  oLaenatJoq  of  mast  of  oat  readeti,  we  dull  pan  orer  thii  part  of  oar 
■d^ect,  and  proceed  to  the  bonnes  of  winding,  throwing,  and  wearing. 

In  tboae  eoaucriei  where  dlk  Ibnni  an  important  article  of  com^erec,  the 
coltiTatan,  or  thoae  who  rear  the  in»eti,  do  not  wind  off  the  ii!k  ibnnjElTn, 
bot  kU  them  to  otbera,  wbo  make  the  operatioD  of  reeling  i  disuncC  busnen. 
Tbe  (ingle  filament,  or  thread  of  nik,  ai  prodoced  br  tbe  worm.  U  of  mch 
extreoM  tenoitj  ai  to  be  totally  unfit  for  tbe  porposes  of  the  oianufacmrer. 
Tberefbre,  in  windii^  it  00^  leTenl  of  the  cocooDi  are  immened  in  warm 
water,  to  loften  the  gum  with  which  the  nlk  ii  naturally  connecied ;  their 
lereral  endi  are  then  joined  and  reeled  off  together;  and.  bj  tbe  adbeurene^ 
of  tbe  gtmi,  are  thai  formed  into  one  imooth  even  thread.  When  the  thread 
of  any  cocoon  breaks,  or  comei  to  an  end,  iu  place  ii  lupplinl  bj  a  new  one, 
which  ii  limply  laid  on  tbe  main  thread,  tt>  wbicb  it  a^bem  bv  iu  pim :  aiid. 
owing  to  in  extmne  fiaeneB,  it  doe*  not  occason  tbe  iea't  percepiiUe  uneien. 
neai  in  the  place  where  it  il  united.  Id  thi*  manner  of  joining  the  lepante 
filaments,  a  thread  nuy  be  made  of  any  length. 

The  appaianu  for  reding  coniiiti  merely  of  an  open  kettle  of  waler,  nsder 
which  il  a  fiie  to  keep  it  warm;  and  the  red  il  of  the  common  coiuimciioa. 
Howeier  ample  the  operatiau,  great  caie  and  alteolioD  are  nc,  r-.-arj  tn  reeling, 
to  preterre  ifae   thread  of  ao  equal   thickne**,  and  of  a  nxinil  form,  and   that 

■kebis   .",:■■.. 
fonm  lb .-  i;:. 

Turkey. 

In  preparing  raw  [i]k  f: 
enable  it  lu  bear  the  *   '" 
fbrring  up.    The  lilk  i 
itoffii  which  Ihey  fal  ' 
tlj|;hlly  twitted  by 


Mocking  weaver  ii  of  llie  earn*  kind,  bat  eompowd  of  ■  immber  <^.dkiMd* 
Mrreipoadmg  with  tlie  (trmgth  or  qnditT  of  the  vork  lia  it  eucndDg, 

The  Gnt  opention  it  nndeimei  ii  windiDg ;  that  ii,  drawing  it  off  from  the 
■kcini  in  which  it  ii  imported,  and  winding  it  owin  wooden  bobbine,  &oot 
whence  it  i*  taken  off  for  labaequent  opentioni.  -In  the  ordinaiy  meUiod  of 
winding  off  lilk,  the  reel  n  iwin,  npon  which  the  ifcein  i*  pUeed,  ii  made  to 
levolTe  in  the  palling  of  the  thread,  at  it  i*  drawn  off  and  wonnd  npoo  Iha 
bobbin.  The  great  delicacj  of  the  Glamenti  of  ailk  often,  liowever,  render  thia 
""  lit,  owing  ID  the  breaking  of  the  threadi;  in  the  winding  of 
particnlar,  the  procen  ii,  fivm  the  cirenmttance  juil  mentioned, 


MteiatioD  difficult,  owing  la  the  breaking  of  the  threadi;  in  the  winding  of 
iSvkiidi  lOk,  in  particnlar,  the  procen  ii,  fivm  the  cirenmttance  juil  mentioned, 
I,  ai  tbe  thread  breaki  at  almoM  every  turn  of  the  reel ;  <thit 


ii  owing  to  die  great  riie  of  the  Turkiih  ikeins,  which  frequently  exceed 

twen^^MDr  tl»tt  in  cireomliuence;  thua  requiring  a  reel  of  equal  dimennon^ 

it  hae  to  bo  turned  round  by  a  lingle  thread;  and  thii  thread,  being  of  an 


nneren  thickneia,  freqnently  get*  entangled  in  the  tkein,  and  unaTddahly 
breaka.  To  obriate  lo  great  an  inconvenience  end  detriment  to  the  material 
(by  an  infinity  of  knot*  in  Ae  thread),  the  attention  of  Mr.  H.  R.  Pansbaw  wm 
directed,  and  by  meant  the  Biott  timple  and  in^nioot  he  aecomplithed  hie 
object  in  the  moit  happy  and  petfiK^  manner;  Ihii  inventiou,  fiir'  which  he  took 
out  a  patent  in  1 827,  we  ihall  here  deicribe. 


Intteadof  the  reel  being  turned  round  by  the  filament,  it  rrmaint  ttationary, 
bat  it  laipeuded  lootety  upon  itt  ants ;  a  lieht  arm  or  flyer  it  tlien  made  to 
revolve  around  the  citernBl  circumference  of  the  reel,  which  lif^  out  the  thread 
frMD  the  tkein  more  imoothly  and  delicately  than  it  could  be  performed  b^  tlie 
' r,  eonduett  it  to  the  centre  of  motion,  and  from  thence  to  the  bobbin  v 


Sngar, 
wUch 


WMch  h  11  wound.     By  tfaii  contrivance  tbe  tliread  rcquiret  but  little  more 
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strength  than  is  sufficient  to  sustain  itself,  instead  of  having  to  drag  round  a 
great  machine;  and  it  follows  that  a  much  finer  thread  may  be  wound  off  by 
such  apparatus  than  bj  those  of  the  common  construction.  Our  limits  do  not 
permit  us  to  give  all  the  details  of  this  machinery ;  we  shall  therefore  confine 
ourselves  chiefly  to  explaining  the  principal  or  most  important  parts,  as 
represented  by  the  annexed  diagram.  Fig.  1  gives  a  side  elevation,  and  Fig,  2 
a  front  elevation  of  a  portion  of  Fig.  1 ;  the  same  letters  in  each  referring  to 
similar  parts,  a  6  is  a  frame,  containing  a  swift,  &c.,  of  which  there  may  be 
conceived  to  be  a  hundred  or  more  in  a  row,  one  behind  the  other,  as  viewed 
in  fig.  1,  all  turned  by  the  same  shaft ;  the  diameter  of  the  swift  may  be  con- 
sidered as  eight  feet  for  Turkey  silk,  but  the  arms  c  c  are  made  to  elongate  or 
shorten  by  the  slides  shown  in  the  middle,  so  that  the  swift  may  be  expanded 
or  contracted  at  pleasure  to  suit  the  size  of  the  skein ;  each  of  these  radiating 
arms  is  fixed  into  a  central  block  or  nave  d;  through  this  nave  a  spindle  passes, 
on  which  the  swift  loosely  rests,  as  best  seen  in  Fig.  2;  «  is  a  pulley,  which 
revolves  on  the  same  spindle,  and  receives  its  motion  by  an  endless  band  from 
another  pulley  at  o.  To  the  pulley  e  is  affixed  the  revolving  arm/,  which  is 
furnished  at  its  extremity  with  a  bent  wire,  coiled  up  into  two  spiral  eyes ; 
through  that  at  ^  the  filament  of  silk  1 1  passes  as  it- is  lifted  by  it  out  of  the 
skein  h  ;  firom  g  it  passes  through  the  eye  i ;  from  hence  it  is  drawn  through 
another  eye  t,  to  the  central  eye  it,  {Fig.  2,)  and  through  the  last-mentioned  oa 
to  a  bobbin  fixed  on  the  same  shaft  as  the  pulley  o.  The  situation  of  the  eye 
k  opposite  the  centre  of  the  axis  of  the  swift,  it  will  be  observed,  is  indispen- 
sable to  the  winding  ofi*  the  thread;  it  is  fixed  to  the  end  of  a  movable  rod, 
which  has  a  joint  at  /,  that  permits  it  at  pleasure  to  be  drawn  forward  beyond 
the  range  of  the  swift,  for  the  girl  in  attendance  to  repair  the  thread,  should  it 
be  broken.  The  latter  circumstance,  however,  rarely  occurs,  by  these  improved 
arrangements,  and  the  trembling  motion  of  the  bent  wire  at  the  extremity  of 
the  revolving  flyer  greatly  assists  in  relieving  the  silk  from  entanglement. 

The  revolving  flyer  is  the  principal  feature  in  Mr.  Fanshaw's  machine,  and 
Is  in  itself  a  very  beautiful  and  no  less  useful  invention :  there  are  many  subor- 
dinate contrivances  of  great  ingenuity,  which  we  have  left  out  of  the  diagram 
to  prevent  confusion. 

After  silk  has  been  reeled  and  toound,  the  next  operations  are  spinning  and 
throwing,  which  may  be  performed  separately,  or  at  the  same  time.  The  art  of 
throwing  silk  was  first  introduced  into  this  country  in  1719,  by  Mr.  John  Lombe, 
who,  with  considerable  ingenuity,  and  at  the  risk  of  his  life,  succeeded  in 
taking  a  plan  of  a  throwing  machine  in  Sardinia,  and,  on  his  return,  established 
a  mill  at  Derby  for  conducting  that  operation,  which  had,  prior  to  the  above 
date,  been  kept  a  profound  secret  by  the  foreign  manufacturers.  From  the 
great  expense  incurred  in  establishing  the  mill  at  Derby,  application  was  made 
to  Parliament  to  extend  the  term  of  the  patent  granted  to  Mr.  Lombe,  but  the 
Legislature  wisely  granted  him  the  sum  of  14,000/.,  in  lieu  of  the  extension  of 
the  patent  right,  and  upon  condition  that  he  deposited  in  the  Tower  of  London 
a  complete  working  model  of  the  machine,  where  it  now  remains.  Since  that 
period  many  improvements  have  been  successively  made,  but  amongst  the 
most  complete  and  efficient  are  those  introduced  by  Mr.  Fanshaw,  and 
patented  by  him  a  short  time  prior  to  the  winding  machinery  already  des- 
cribed. To  avoid  that  confusion  which  would  be  created  by  the  representation 
of  the  vast  multiplication  of  pulleys,  wheels,  bobbins,  flyers,  &c.,  which  a 
throwing-mill  embraces,  we  shall  confine  our  description  to  the  acting  parts  of 
a  single  operation,  leaving  the  reader  to  imagine  an  extensive  series  of  them. 
The  engravings  on  the  following  page  are  explanatory  of  these  improved  ar- 
rangements. Fig.  1  is  an  end  view  of  the  throwing  machine;  A  A  is  the  top  of 
the  frame;  B  the  bobbin;  C  the  top  spindle;  D  the  board  which  supports  the 
spindle;  £  the  pulley  which  gives  motion  to  the  set  of  spindles;  F  is  the  flyer 
to  the  top  spindle;  G  the  lever,  which  throws  the  pulley  in  and  out  of  gear; 
H  the  lever  pin  or  centre,  on  which  it  works;  I  the  flyer  of  the  bottom  spindles 
J ;  K  is  a  flutted  roller,  which  propels  the  drawing  roller  L,  and  gives  out  the 
thread  to  be  thrown  by  the  spindle  C.     The  silk,  after  being  wound  on  the 


bobUm  P,  ii  twntod  bj  the  revolving  «[nndlei  J,  which  are  driTcn  b^  ths 
band  M;  th*' Ihreadi  o p  pui  MparBtelj  ibrauzhth*  ayei^  and  being  muted  at 
t,  go  enr  tbegUv  nid  u,  ramo  tb«  nulBr  L,  taroagh  the  eje  k,  and  an  (hen 


received  nDon  the  bohbin  B,  the  twist  bein^  eSfccted  bj  the  remlTuig  ipindle  C, 
which  IB  driven  bj  Ihe  band  P.  f^.  2  li  a  bird't-eje  view  of  the  machine; 
the  lame  letten  leferring  to  limilar  parti ;  R  ii  a  tooth-wheel  (not  ihown 
.  in  /^y.  1)  wiiich  drivei  the  ihaft  Q,  and  givei  motion  to  the  rollen  K;  and  at 
the  other  end  to  the  bevel  gem  N,  which  ii  connected  bj  a  rod  to  llie  motioD 
board  that  drawi  the  bobbin  backward  and  forward,  to  ipread  the  thread 
uniformly  over  its  lurface.  Fig.  3  ii  a  front  view  of  the  machine  for  maVing 
three-thread  orf^anzine  or  aewingi,  the  pBrtihavingbeen  already  described  above, 
except  the  bobhini  o  o,  which  are  ahown  in  dotted  linei,  and  are  to  be  uied  in 
case  ttam  ii  required  to  he  made,  initead  of  oiganxine.     T  ii  a  calch  to  retain 


Ii  place  ohni  Ihe  bobUns  are  tb 
J.  5  reprcKiits  Ibe  rnd  at  the  bobbin  b,  vbich  la  kept  in  iti  place  b^ 


■mall  Uver  m,  which  Uve 


■  fastened  c 


a  the  motion  board  i. 


Fig.ek 


iew  of  ^'(^.  5.  Fig,  7  ii  ibe  ipindle  J,  ai  leen  in  f^gi.  I  and  3,  I 
being  a  fixed  flver.  Fig.  8  ii  a  view  of  the  aptwtiie  tide  of  ibe  pulley  E,  to 
Uiat  ahown  in  Pig.  1 .  J^g.  9  is  an  eige  viev  of  tbe  pulley  E  aoil  lever  G,  ai 
(leicribed  in  Fig,  1. 

The  advantages  of  thia  machine  are  aaid  la  be,  lit,  Tlie  throwing  of  orgmn- 
Jtioe  hj  one  piocesa,  instead  of  Ibe  three  aeporate  proceasea,  as  at  prrMcnl 
pracUaed;  the  apinning  by  one  machine,  doubling  the  ihreadi  by  another,  and 
throwing  by  a  third.  2d]y.  In  the  very  great  increase  of  speed  which  can  be 
obtained.  3dly-  In  the  easy  manner  in  which  the  machine  can  be  altered  to 
•ingUs,  tram,  orgoniine,  aewinga,  or  any  other  deacription  of  silk.  4thly.  In 
the  saving  of  labour,  from  the  great  quantity  of  apindtes  that  can  be  atteoded 
la  by  one  hand.  51hly.  In  the  little  experience  required  to  enable  "a  hand" 
lu  attend  the  work,  thereby  obviating  the  greatest  expeiue  io  tfaroving   "  miD 

SILVER,  is  the  whitest  of  metaia,  and  next  to  gold  the  moat  malleable  and 
ductile.  Under  the  hammer,  the  continuity  of  its  porta  is  not  destroyed  until 
iu  leaves  are  not  more  than  the  one  bundled  and  aiity  thousandth  part  of  an 
inch  thick;  in  thia  stale  ii  does  not  transmit  light.  Its  specific  gravilyis  10.474. 
It  continues  melted  at  23°  of  Wedgewood,  but  a  ^eater  beat  is  requisite  to 
bring  it  into  fusion.  Its  (enscily  is  auch,  that  a  wire  of  one-lenlb  of  an  iDch  in 
diameter  will  sustain  a  wcigbt  of  2701bs.  without  breaking.  Silver  has  neither 
amell  nor  taste;  these  propertiea,  together  with  ita  brilliaoi  whlieneas,  bardoeaa 
and  tenacity,  eminently  adapt  it  to  the  uses  of  the  table;  and  when  to  these 
qualities  is  added  its  intrinsic  value,  its  advantages  as  coin  become  obvioua. 

SILVERING.  The  art  or  act  of  covering  certain  substances,  as  melal, 
wood,  paper,  leather,  parchment,  &c.  with  utver,  so  as  to  give  them  the  appeai- 
ance  of  that  metal.  Silver  leaf  is  laid  on  much  in  the  same  way  as  gold  lett, 
for  which  see  Gcldino. 

The  method  of  silvering  copper  is  as  follows:  take  of  tartar  and  eooimoa 
sbU,  each  two  drachma,  half  a  drachm  of  alum,  fifteen  or  twenty  eraius  of 
silver,  precipitated  from  nitric  acid  by  copper;  mix  these  well  together,  and 
with  the  mixture  rub  the  surface  of  the  copper,  and  it  will  have  the  appearance 
of  silver;  after  the  loose  powder  is  hnished  off,  the  surface  may  be  polished 
'  '      '  '*       d  by  boiling  them  wiib  tin-filine*  and 


■e  of  leather.     Pins  are  silvered  b; 


tarlar.  The  buckles,  studs,  plates,  &c.  of  harness  are  silvered  by  the  following 
chei^i  and  easy  process:  take  half  an  ounce  of  silver  that  has  been  precipit^ed 
from  aqua-forlis  by  copper;  muriate  of  ammonia  and  common  salt,  of  eacb 
two  ounces,  and  one  drachm  of  corrosive  muriate  of  mercury;  triturate  thesa 
together,  and  form  them  into  a  paste  with  water.  ACler  boiling  the  substances 
to  be  silvered  with  tartar  and  alum,  they  are  to  be  rubbed  with  the  above  pre- 

C ration,  then  to  be  made  red  hot,  and  afterwards  polished.  This  lilvering  may 
effected  by  using  the  argentine  precipitate  above  mentioned,  with  borax  and 
mercury,  and  causing  it  to  adhere  by  fiislon.  To  silver  the  dial-plales  of  docks, 
ihe  scales  of  barometers,  therinometen,  &c.,  and  all  other  metallic  plates  of 
similar  description,  rub  upon  tbem  a  mixture  of  muriate  of  silver,  tartar,  and 
aes-salt,  and  artemards  wash  off  the  saline  matter  with  water.  This  lilverlng 
is  not  durable,  but  11  may  be  improved  by  heating  the  article,  and  repeating; 
the  operation  once  or  oflener,  if  it  be  thought  necessary.  Tbe  following 
amalgDm  is  used  for  silvering  the  interior  surface  of  hollow  glass  globes  :  fuse 
together  two  parts  by  weighl  of  bismuth,  one  part  of  lead,  and  one  of  pure  linj 
when  this  is  nearly  cold,  add  four  parts  of  mercury,  and  fuse  Ibe  whole  overs 
gentle  heaL  The  glass  globe  being  thoroughly  clean,  introduce  into  it  a  paper 
tunnel,  which  reaches  to  the  bottom,  and  pour  in  the  liquid  amalgam.  Ala 
proper  temperature  it  will  adhere  to  tlie  glass,  which,  by  being  turned  and 
shaken,  will  thus  have  its  interior  surface  completely  covered,  and  any  remain- 
der of  the  amalgam  may  be  poured  out  when  the  operation  is  completed. 

SIZE.     A  kind  of  weak  glue,  used  in  many  trades;  it  is  mode  of  the  sbredi 


SOAP.  601 

and  parings  of  leather,  parchment,  or  vellum,  boiled  in  water,  and  strained. 
Common  size  is  made  of  leather,  boiled  in  water  till  it  becomes  of  a  viscid  con- 
sistence. If  it  is  wanted  in  painting  for  nicer  purposes,  it  should  be  prepared 
by  taking  any  quantity  of  the  shreds  or  cuttings  of  glovers'  leather,  and  putting 
to  each  pound  a  gallon  of  water ;  let  these  be  boiled  for  six  or  eight  hours, 
supplying  water,  so  that  it  may  not  diminish  to  less  than  two  quarts;  then 
strain  the  hot  fluid  through  a  flannel,  and  afterwards  evaporate  it,  till  it  is  of 
the  consistence  of  a  jeUy  when  cold.  The  size  used  in  burnish  gilding,  and 
made  of  cuttings  of  parchment,  is  prepared  much  after  the  same  manner. 

SLOOP.  A  small  vessel  furnished  with  one  mast,  the  main  sail  of  which  is 
attached  to  a  gaflT  above,  to  the  mast  on  its  foremost  edge,  and  to  a  boom  below. 
It  diflers  from  a  cutter  by  having  a  fixed  steeving  bowsprit,  and  a  jib-stay;  the 
sails  are  also  less  in  proportion  to  th<)  size  of  the  vessel. 

SLUICE.  A  frame  of  timber,  stone,  or  other  matter,  serving  to  retain  and 
raise  the  water  of  a  river,  &c.,  and,  on  occasion,  to  let  it  pass.  Such  is  the 
sluice  of  a  mill,  which  stops  and  collects  the  water  of  a  rivulet,  &c.,  to  let  it  falU 
at  length,  in  the  greater  plenty  upon  the  mill  wheel ;  such  also  are  those  used 
as  vents,  or  drains,  to  discharge  water  off*  land.  See  Tide-mill,  Water-wheel,  &c. 

SMACK.  A  small  vessel,  commonly  rigged  as  a  sloop  or  hoy;  used  chiefly 
in  the  coasting  and  fishing  trade. 

SMALT.  A  combination  of  glass  with  the  oxide  of  cobalt,  in  the  state  of  a 
very  fine  blue  powder.     See  Zaffre  and  Cobalt. 

SMELTING.  The  operation  of  fusing  ores,  in  order  to  separate  the  metals 
from  the  other  minerals  by  which  they  may  be  combined.    See  Iron. 

SMUT,  in  AgricuUure,  a  disease  to  which  wheat  is  peculiarly  liable,  by  which 
it  becomes  contaminated  with  a  sooty  looking  powder,  which  sometimes  destroys 
the  whole  substance  of  the  grain.  Many  contrivances  called  -smut- machines, 
have  been  at  different  times  invented  to  cleanse  wheat,  before  grinding,  from 
this  serious  defect ;  but  they  have  proved  only  partially  successful  in  their 
operation,  owing,  we  conceive,  to  the  process  simply  consisting  of  violent  agita- 
tion, which  cannot  be  effective  in  removing  the  hollow  damaeed  grain  from  the 
mass,  although  it  may  drive  off*  much  of  the  loose  or  external  foulness. 

SNATCH-BLOCK.  A  block  having  an  opening  in  one  of  its  sides,  wherein 
to  fix  the  bight  of  a  rope  occasionally.  This  is  by  some  termed  a  rouse-about 
block.     See  Blocks. 

SNOW.  The  frozen  vapours  of  the  atmosphere ;  its  whiteness  is  owing  to 
the  small  particles  into  which  it  is  divided,  for  ice,  when  pounded,  becomes 
equally  white. 

Snow.  A  vessel  equipped  with  two  masts,  resembling  the  main  and  fore- 
masts of  a  ship,  and  a  third  mast  just  abaft  the  main-mast,  carrying  a 
small  sail  similar  to  a  ship's  mizzen. 

SNOW-PLOUGH.  A  simple  machine  operating  like  a  plough,  but  upon  a 
larger  scale,  for  clearing  away  the  snow  from  roads.  It  usually  consists  of 
boards  framed  together,  forming  an  angular  figure,  the  point  of  which  enters 
the  snow,  which  is  thrown  by  the  boaras  to  the  sides  of  the  road,  leaving  a  fur- 
row similar  to  those  in  a  ploughed  field. 

SNUFF.  A  scented  powder,  the  use  of  which  is  well  known.  The  stalks 
of  tobacco  leaves,  ground  small,  are  the  basis  of  all  snuffs ;  and  the  various 
kinds  derive  their  names  from  the  whims  of  the  manufacturers,  who  combine 
with  them  those  odoriferous  substances  by  which  they  are  distinguished. 

SOAP.  A  name  given  to  those  bodies  which  are  compounds  of  the  alkalies 
with  fat  and  the  fixed  oils.  The  earths,  and  the  other  metallic  oxides  also,  com- 
bine with  fat  and  oils,  forming  neutral  compounds.  The  former  have  been  called 
earthy,  and  the  latter  metallic  soaps.  The  soaps  formed  by  the  alkalies  have 
the  distinguishing  character  of  being  soluble  in  water  and  alcohol.  The  earthy 
soaps  are  perfectly  insoluble :  and  since  any  of  the  earths  have  a  stronger  attrac- 
tion for  oil  than  the  alkalies,  the  alkaline  soaps  are  always  decomposed  by  the 
earths.  This  occasions  the  curdy  appearance  when  suap  is  used  with  water  con- 
taining any  earthy  or  metallic  salt:  it  is  from  this  quality  that  waters  are  said 
to  be  hard. 
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The  soaps  used  in  tVie  manufactures  and  domestic  economy,  are  made  with  the 
fixed  alkalies,  combined  with  different  kinds  of  fat  and  oil.  These,  in  the  manu- 
facture of  soap,  are  divided  into  two  principal  varieties,  viz.  hard  and  soft.  The 
alkali  employed  for  hard  soap  is  soda,  generally  obtained  from  the  different  sea 
vegetables,  and  called  by  different  names,  according  to  the  name  of  the  plant, 
in  different  countries.  Most  of  the  algip,  but  particularly  the  fucus  and  salsola, 
afford  soda  by  burning.  The  vegetables  are  first  dried,  and  then  burnt  in  pits 
formed  with  loose  stones.  The  earthy  matter,  and  the  soda,  with  some  neutral 
salts,  fuse  into  a  crude  mass,  in  which  state  it  is  sold.  This  substance  is  fur- 
nished in  great  abundance  from  the  Highlands  of  Scotland,  under  the  name  of 
kelp,  and  from  Alicant,  in  Spain,  under  the  name  of  barilla.  In  France  it  is 
known  by  the  name  of  varec ;  this  being  the  name  of  the  plant  from  which  it 
is  generally  produced  there.  It  is  commonly,  however,  in  this  state  that  it 
comes  to  the  soap-maker,  varying  frequently  in  its  value,  and  often  occasioning 
much  uncertainty  in  its  employment.  It  should  be  the  first  business,  therefore, 
of  the  manufacturer  to  assay  the  substance  from  which  he  gets  his  alkali,  even 
before  he  purchases  it.  When  the  exact  value  of  the  alkali  is  known,  it  is  then 
to  be  treated  as  follows,  to  prepare  it  for  mixing  with  the  fat.  The  kelp,  or 
barilla,  is  first  to  be  pounded,  and  then  mixed  with  one-fiflh  its  weight  of  quick 
lime,  in  a  lare e  vat.  These  vats  arc  generally  three  or  four  in  number  to  each 
boiler.  Besides  these  vats  for  the  infusion  of  crude  alkali,  each  of  them  has  a 
cavity  made  under  it.  The  bottom  of  each  vat  is  even  with  the  ground,  the 
under  cavity  being  sunk  below,  and  is  intended  to  receive  the  liquor  which  runt 
from  a  plug-bole  in  the  upper  vat,  when  the  infusion  has  gone  on  to  a  certain 
extent.  One  of  these  vats,  with  its  under  reservoir,  is  sufficient  for  one  boiling, 
but  they  are  generally  all  at  work,  in  order  to  give  time  for  the  solution  of  the 
alkali  from  the  crude  mass.  In  charging  a  vat,  the  barilla,  kelp,  or  potash,  and 
sometimes  mixtures  of  these,  are  first  coarsely  powdered  and  mixed  with  quick- 
lime,  also  coarsely  powdered  ;  some  water  is  then  thrown  upon  these,  to  slake  the 
lime.  In  the  side  of  the  vat  some  straw  is  first  placed  about  the  plug-hole,  to 
prevent  bits  from  passing  through.  The  vat  is  now  charged,  and  water  poured 
upon  the  materials  till  it  stands  considerably  above  the  solid  mass ;  after  stand- 
ing several  hours  the  plug  is  withdrawn,  to  let  out  the  solution  into  the  lower 
reservoir.  The  plug  is  now  returned,  and  fresh  water  poured  upon  the  mate- 
rials. Some,  or  all  of  the  first  ley  is  now  removed  into  one  of  the  other  lower 
reservoirs  before  the  second  infusion  is  drawn  off.  This  is  done  that  the  soap- 
boiler may  always  have  at  command  two  leys  of  different  degrees  of  strength, 
as,  in  the  course  of  every  boiling,  he  finds  it  necessary  to  use  sometimes  the 
weak,  and,  at  other  times,  the  strong.  The  number  of  waters  to  be  added  to 
the  materials,  depends  upon  the  judgment  of  the  workman,  who,  by  his  taste, 
can  tell  when  the  water  lias  dissolved  the  whole  of  the  alkali.  'ITie  ley  being 
ready  to  lade  out  of  the  reservoir,  which  is  near  to  the  boiler,  the  tallow  or  oil, 
first  weighed,  is  put  in.  When  it  is  sufficiently  melted,  the  workman  begins  by 
adding  the  ley  and  stirring  the  mixture.  The  alkali  and  the  oil  soon  begin  to 
unite,  forming  a  milky  fluid.  As  more  ley  is  added,  and  the  stirring  continued, 
the  liquid  thickens.  This  is  continued  generally  for  thirty  hours,  and  frequently 
more,  till  small  portions  of  the  soap,  taken  out  from  time  to  time,  assume  a 
proper  consistence,  which  the  workman,  by  constant  experience,  understands. 
He  now  adds  a  quantity  of  common  salt,  which  has  the  effect  of  separating  the 
watery  part  from  the  soap,  which  contains  a  portion  of  neutral  salts,  that  existed 
in  the  crude  alkali,  especially  when  more  than  enough  has  been  added.  The 
fire  has  n3w  to  be  withdrawn,  and  the  mass  left  to  cool.  The  watery  part  will 
be  found  at  the  bottom,  and  requires  to  be  drawn  out  by  a  pump,  which  is  a 
fixture  on  the  side  of  the  boiler.  When  this  has  been  removed  the  fire  is  re- 
kindled, and  if  the  mass  does  not  melt  freely,  a  little  water  is  added.  As  soon 
as  the  whole  becomes  liquid,  and  is  made  uniform  by  agitation  with  wooden 
poles,  the  fire  is  again  withdrawn,  and  the  mass  allowed  to  assume  a  proper 
consistence  for  lading.  It  is  laded  into  square  moulds;  these  are  composed 
of  a  number  of  strata  lying  one  upon  another,  so  that  when  the  soap  has  become 
solid,  each  layer  of  frame-work  can  be  removed,  beginning  at  the  top,  and  the 
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•oap  18  cut  i&to  cakes  with  a  small  piece  of  brass  wire  at  erery  iutenral ;  these 
cakes  are  afterwards  cut  into  square  prismatic  pieces,  in  which  state  they  are 
sold.  Yellow  hard  soap  is  formed  of  similar  proportions  of  soda  and  tallow 
with  the  last;  but  it  also  contains  re«in,  and  sometimes  palm  oil.  In  boiling 
the  yellow  so^,  the  resm,  oil,  and  tallow,  are  put  into  the  boiler  first  The  ley 
is  prepared  in  a  similar  vat,  and  managed,  in  other  respects,  like  the  wlute 
soap. 

Soft  soap  differs  in  its  compodtion  from  hard,  in  containing  no  alkaH,  bat 
potash.  Scft  soap  made  with  colourless  fat,  such  as  tallow,  is  a  white  uncAous 
substance,  about  tne  consistency  of  lard.  If  the  fat  be  cdoored,  the  soap  par- 
takes of  the  same.  In  France,  and  other  parts  of  the  continent,  it  is  generally 
coloured,  sometimes  with  metallic  oxides.  Those  made  with  yellow  oil  are  some- 
times coloured  with  indigo,  which  gives  them  a  green  colour.  The  oils  employed 
are  seldom  olive  oil,  but  the  cheaper  oils,  such  as  rape-oil,  the  oil  of  hempseed, 
linseed,  and  others.  In  HoUana  it  was  made  witn  whale-oiL  This  oil  was 
fi>rbidden  on  some  parts  of  the  continent,  on  account  of  its  disagreeable  smelL 
In  this  country,  however,  all  the  soft  soaps  are  made  with  whale-oil,  which 
gives  a  transparent  mass  of  a  yellow  colour.  In  commerce,  however,  we  do 
not  find  it  umform  in  its  colour ;  besides  the  yellow  part,  it  appears-intenpersed 
with  white  spots,  giving  the  whole  a  strong  resemblance  to  the  inside  of  a 
dried  fig. 

SOAP-STONE.  A  species  of  steatite.  It  imparts  to  the  touch  a  peculiar 
unctuous  feeling,  like  fine  white  soap.  The  soap-stone  of  this  country  is  chiefly 
obtained  from  the  Lizard,  in  Cornwall,  where  it  is  found  in  connexion  with  ser- 
pentine, to  which  it  is  nearly  allied.  It  is  much  used  in  the  manufacture  of 
porcelain ;  also  for  polishing  marble  and  other  stone.  It  is  the  basu  of  various 
cosmetici,  and  is  combined  with  carmine  to  form  rouge ;  it  is  also  found  very 
useful  in  taking  grease  spots  out  of  silks,  stu£&,  &c. 

SODA.  One  of  the  fixed  alkalies :  it  is  generally  procured  from  tlie  ashes 
of  marine  plants ;  indeed,  its  great  repository  is  the  ocean,  soda  being  the  basis 
of  sea  salt  Combined  with  carbonic  acid,  soda  is  found  in  a  mineral  state  in 
Egypt,  where  it  abounds  under  the  name  of  natron;  whence  it  is  frequently 
called  mineral  alkalL 

SODA-WATER.    See  Aerated  Water. 

SODIUM.  The  metallic  basis  of  soda,  according  to  Sir  H.  Davy.  See 
Chemistry. 

SOLDER.  A  metallic  cement  for  joining  separate  pieces  of  metal  together 
by  fusion.  It  is  a  general  rule,  with  respect  to  solder,  that  it  should  fuse  at  a 
lower  temperature  than  the  metal  to  be  soldered.  The  solders  of  the  plumber 
are  composed  of  tin  and  lead,  on  account  of  their  ready  fusion.  (See  those 
metals.)  The  coppersmith's  solder  is  an  alloy  of  copper  and  zinc.  See  those 
metals.)  In  general,  the  solder  is  harder  or  softer,  in  proportion  to  the  quan- 
tity of  copper  that  is  in  it ;  the  greater  the  quantity  of  copper  it  contains, 
the  harder  and  more  difficult  of  fusion  it  becomes.  Solders  of  different  degrees 
of  fusibility  are  often  required,  particularly  in  cases  where  several  joinines 
have  to  be  made  near  to  near  other.  The  least  fusible  solder  b  employed  m 
the  first  place,  and  the  others  in  succession,  according  to  their  order  of  fusibility, 
to  the  subsequent  joinings.  If  this  precaution  were  not  adopted,  it  would  often 
happen  that  in  soldering  one  joint,  the  heat  communicated  to  the  next  thereby 
would  cause  it  to  become  unsoldered.  Before  soldering,  the  surfaces  are  ren- 
dered bright  and  clean,  by  scraping  or  filing  them  over ;  as  a  thin  coat  of  oxide, 
or  any  foreign  matter  intervening,  would  prevent  the  union. 

The  solders  used  for  brass  are  usually  of  two  kinds,  denominated  hard  and 
soft.  The  hard  is  composed  of  brass  and  zinc,  varied  in  the  proportions  of 
from  sixteen  to  two  parts  of  brass  to  one  of  zinc.  The  soft  solder  is  composed  of 
six  parts  brass,  one  of  zinc,  and  one  of  tin.  The  brass  is  first  melted,  tnen  the 
tin,  and  lastly  the  zinc  (previously  well  heated)  is  added.  The  mixture  is  then 
agitated  to  divide  it  into  grains  as  it  cools. 

SPECIFIC  GRAVITY.  The  v^eight  of  any  body,  or  substance,  compared 
with  the  weight  of  some  other  body  which  is  assumed  to  be  a  standard.    The 
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standard  of  comparison,  by  common  consent  and  practice,  u  nun  nater,  on 
account  of  its  bemg  less  subject  to  variation,  in  difierent  circumstances  of  time 
and  place,  than  any  other  bod^,  whether  fluid  or  solid.  A  cubic  foot  of  rain 
water  weighs  1000  ounces  avoirdupois;  therefore,  assuming  this  to  be  the  spe- 
cific gravity  of  rain-water,  and  comparing  all  other  bodies  with  it,  the  aame 
numbers  which  express  the  specific  gravities  of  bodies,  denote,  at  the  same 
time,  their  weight  per  cubic  foot,  in  avoirdupois  ounces.  Hence,  by  reference 
to  the  tables,  we  are  enabled  to  find  the  magnitude  of  any  solid  which  is  too 
irregular  to  admit  of  the  common  rules  of  mensuration,  and  also  the  weight  of 
any  body  of  known  magnitude  which  is  too  ponderous  to  be  submitted  to  the 
operation  of  the  steel-yard  or  balance. 

Example, — Required  the  quantity  of  material  in  an  irregular  shaped  Uock  of 
marble,  weighing  4|  tons. 

Reduce  the  weight  to  ounces,  and  divide  by  the  specific  gravity  of  marble. 

Hence  4J  tons  X  16  oz.  -f-  2.838  =  56.8  cubic  feet 
Required  the  quantity  of  material  in  a  statue  of  white  Parian  marble,  weigh- 
ing sob  pounds. 

800  X   16  =  12800  -i-  2.838  =  4^  cubic  feet. 
Again, — Required  the  weight  of  a  block  of  Aberdeen  granite,  measuring  43 
feet  in  length,  8  feet  in  breadth  and  thickness. 

43  X  8  X  8  =  2752. 
Then,  as  1  :  :  2752  : :  2.625  :  7224000  =  201  tons  11  cwt  1  qr. 
The  properties  of  specific  gravity  are  as  follows : — 

1 .  A  body  immersed  in  a  fluid  will  sink  if  its  specific  gravity  be  greater  than 
that  of  the  fluid ;  if  it  be  less,  the  body  will  rise  to  the  top,  and  be  only  partly 
immersed ;  and  if  the  specific  gravity  of  the  solid  and  fluid  be  equal,  it  wiU 
remain  at  rest  in  any  part  of  the  fluid  in  which  it  may  be  placed. 

2.  When  a  body  is  heavier  than  a  fluid,  it  loses  as  much  of  its  weight,  when 
immersed,  as  is  equal  to  a  quantity  of  fluid  of  the  same  magnitude. 

3.  If  the  specific  gravity  of  the  fluid  be  greater  than  that  of  the  body,  then 
the  quantity  of  fluid  displaced  by  the  part  immersed  is  equal  to  the  weight  of 
the  whole  body.  Hence,  as  the  specinc  gravity  of  the  fluid  is  to  that  of  the 
body,  so  is  the  whole  magnitude  of  the  body  to  the  part  immersed. 

Specific  Oravitiet  of  Metale, 


Sp.  Gray. 

Antimony,  in  a  metallic  state, 

fused 6.624 

Bismuth,  cast 9.823 

native 9.822 

Brass,  common  cast ....  7.824 
cast,  not  hammered  .  8.396 
wire-drawn    ....    8.544 

Copper,  cast 8.788 

wire-drawn      .    .     .    8.878 

Gold,  pure,  cast 19.258 

the  same  hammered      .  19.362 
22  carats,  fine,  standard  17.486 

Iron,  cast 7.207 

bars 7.788 

Lead,  cast- 11.352 

litharge 6.300 

Mercury,  solid,  40**  below  0 

Fahr 15.632 

at32<>of  heat     .     .  13.619 

at  60" 13.580 

at212« 13.375 

Nickel,  cast 7.8Q7 


Silver,  cast,  pure      .    .     . 
,,        „     hammered 
French  coin  .      .     . 


Sp.  GnT. 

Platina,  crude,  in  grains    .     .  15.602 

purified 19.502 

the  same  hammered .  20.337 
rolled  .     .     .  22.069 
wire-drawn  .  21.042 
10.474 
10.511 
10.048 
shilling  (George  III.) .  10.534 

Steel,  soft 7.833 

hardened,  but  not  tem- 
pered     7.840 

tempered,  but  not  har- 
dened    7.816 

tempered  and  hardened     7.818 

Tin,  pure  Cornish     ....     7.291 

Malacca,  fused      .     .     .     7.296 

Tungsten 6.066 

Uranium 6.440 

Wolfram 7,119 

Zinc,  in  its  usual  state  .     .     .     6.862 
pure  and  compressed     .    7.191 
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SfttifU  Graeiiiti  o/'  Woedt. 


Aider 
Aih  . 


Beech  .... 
Box,  Dutch  .  . 
Canpecb;  .  .  • 
Cadu,  AmsricaD 

Falartias  . 
Cheny-tTM     •    . 

Cotk.     '.'.'.'. 


EhoDT,  1 


\j,  In^wi 


Elm  .  .  . 
Filbert  .  . 
Fii,  yellow 
white  . 
Huel    .    . 

Iiemon-tieB 


M^oganjr 


.604 
.913 


M^oguy 1.063 

Mule 7W 

Mulberry 897 

Oak,  heart  «f,  60  yean  old     .     1.170 

01i*e-tree 027 

Orange-tree .705 

Pear-tree 661 

Pomegranate- tree     ....     I  .-131 

Poplar .383 

Phim-tree 7^^ 

Quince-tree    .    .    . 


Vine  .  .  . 
Walnnt  .  . 
WiUow  .  .  . 
Yew,  Spaniih 
Dutch   . 


.4!i2 
IJ37 


Speeifc  Graeitiet  vf  Slontt,  £arti$,  ^, 


ar,  yellow      ....  2.699 

AmhetCTia "26 

AmiBDUiua,  long 909 

•hart     ....  2.313 

Ad>Mto*,ripe 2-378 

.tarn- 3.073 

B«r« 1-7M 

Brick 2.000 

Chalk,  Britiib 2.784 

Cod,Cannel 1-270 

Newcastle I-l!70 

Staffocdihire    ....  1.240 

Scotch J-300 

Cutler'i  stone 2.111 

Emery 4-000 

Flint,  black 2J82 

white 2.594 

GlHi,  flint :J-933 

botde 2.732 

G*n 2.642 

ith.crjital      .     .     .  3.189 

Gianite,  Aberdeen,  blue  kind  2.B25 

Cornish 2.662 

Ecyplian,  red .     .     .  2.654 

beautiful  red    .     .    .  2.761 

Cirardinor  ....  2.716 

violet,  of  Gyromtgny  2.6Sd 

Diuphiny,  red      .     .  2,643 

,,         greeo  .    .  2.684 

„         radiated   .  2.668 

'  Semur,  red  ...     .  2.638 

BreUgne,  grey     .    .  2.738 


Granite,  Brelagne,  yellowith  .  2.610 

C;,.ii.Uloiic           2.143 

Gypnun,  opaque      ....  2.166 

seTHi-traniparent     .  2.306 

Hone,  white,  razor   .     .     .  2.876 

Jet,  a  bituminous  substance   .  1.259 

Utne-slone,  green     ....  3.182 

white  fluor     .     .  3.156 

compact    .    .     .  2.720 

Mauganese 7.000 

Marble,  Biscayao,  hUck     .     .  2.695 

foocatelle   ....  2650 

Carrara,  white      ,    .  2,717 

Enplian,  green  .     .  2.608 

liMian,  violet  .     .     .  2.858 

red 2.724 

PoTvelain,  China 2.3S5 

Porphyry,  red 2.765 

green 2.676 

Salt 2.130 

Serpentine,    opaque,    green, 

Italian 2.430 

Slalc,  common 2.672 

Suiactile,  opaque      ....  2  478 

Stone,  Bristol  ......  2.510 

Portland 2.570 

Pumice 915 

Purheck 2.601 

rag 2,470 

Sulphur,  native 2.033 

melted 1.991 

Talc,  Muicorj 2.793 
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Specific  Gravities  of  Liquids. 


8p.  Grav. 

Acetic  acid 1.007 

Alcohol,  commercial      .     .     .       .837 
highly  rectified     .     .       .829 

Ammonia,  liquid 897 

muriate  of   .     •     .     1.453 

Beer,  pale 1.023 

brown 1.034 

Benzoic  acid 1.018 

Cyder 1.018 

Ether,  acetic 866 

muriatic 730 

nitric 909 

sulphuric 739 

Fluoric  acid 1.500 

Formic  acid 994 

Milk  of  Cows 1.032 

Muriatic  acid 1.194 

Niiricacid 1.271 

highly  concentrated     1.583 

Oil  of  almonds,  sweet  .     .     .       .917 

cloves,  essential      .     .     1.036 

cinnamon,  essential      .     1.044 

filberts 916 

hemp-seed 926 

lavender,  essential  .     .       .894 


Sp.  Gnv. 

Oil  of  linseed fMO 

olives 91  j 

poppies 924 

rape-seed 919 

turpentine,  essential     .        .870 
whales 923 

Spirits  of  wine,  commercial    .       .8;{7 
highly  rectified       .829 

Sulphuric  acid 1.841 

highly  concen- 
trated     .      .     2.125 

Turpentine,  liquid 991 

Vinegar,  distilled      .     .     .     .     1.010 

Water,  rain 1.000 

distilled 1.000 

sea 1.026 

Wine,  Burgundy 992 

Bordeaux 994 

Champaigne,  white      .       .998 

Canaiy 1.033 

Constance       ....      1.082 

Madeira 1.038 

Malaga 1.022 

Port 997 

Tokav 1.054 


Specific  Gravities  of  Resins,  Gums,  Animal  Substances,  ^. 


Aloes,  socotrine 1.380 

Ambergris 926 

Assafcetida 1.328 

Bark,  Peruvian 785 

Butter 942 

Camphor 989 

Copal,  Chinese 1.063 

Fat,  beef 923 

mutton 924 

veal 934 

hog's •     .       .967 

Galbanum 1.212 

Gamboge 1.222 

Gum  Ammoniac 1.207 

Arabic 1.452 

Scammony  of  Aleppo   .     1 .235 

„  of  Smyrna  .     1.274 

tragacanth 1.316 


Gunpowder,  in  a  loose  heap    .       .836 

shaken 932 

solid     .     .     .     .     1.745 

Honey 1.450 

Indigo 769 

Ivory      ; 1.826 

Lard 948 

Madder-root 765 

Mastic 1.074 

Myrrh 1.360 

Olibanum 1.173 

Opium 1.336 

Spermaceti 943 

Sugar,  white 1.606 

Tallow 942 

Wax  of  bees,  white 969 

yellow      ,     .     .       .965 
Shoemakers'  .     .     .       .897 


Gases. 

In  the  following  Table,  the  specific  gravities  of  the  principal  gases  will  be 
given  as  they  correspond  with  the  specific  gravity  of  atmospheric  air,  which  is 
supposed  to  be  about  1.000* 


Atmospheric,  or  common  air  .     1.000 

Ammoniacal  gas 500 

Arsenical  hydrogen  gas     .     .       .529 
Azote     ,     .     .    ^ 969 


Carbonic  acid •     1.520 

oxide 960 

Carburetted  hydrogen    .     .     .       .491 
Chlorine 470 
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8p.  Gray. 

Chloro-carbonic  gas  ....  3.389 

Chloro-cyanic  vapour    .     .     .  2.111 

Cydrogcn 1.806 

Euchlorine 2.409 

f  luoboracic 2.371 

Fluosilicic  acid  gas  ....  3.574 

Hydrogen 074 

Hydriodic  acid  gas  ....  4.443 

Hydrocyanic  vapour     .     .     .  .948 

Muriatic  acid  gas      ....  1.278 

Nitrous  gas 1.094 

acid  gas 2.427 

oxide 1.614 


Sp.  Cray. 

Oxygen,  mean 1.044 

Phosphuretted  hydrogen     .     .  .870 

Steam 690 

Sulphuretted  hydrogen       .     .  1.777 

Sulphurous  acid 2.193 

Vapour  of  Alcohol  .     .     .     .  2.100 

absolute  alcohol     .  1.613 

hydriotic  ether      .  5.475 

iodine      ....  8.620 

muriatic  ether .     .  2.219 

oil  of  turpentine   .  5.013 

sulphuret  of  carbon  2.645 

sulphuric  ether      •  2.586 


In  concluding,  it  may  be'  necessary  to  remark,  that  all  bodies  expand  by  heat 
and  contract  by  cooling;  but  the  contraction  and  expansion*  by  the  same 
change  of  temperature,  is  very  difierent  in  different  bodies.  Water,  when 
heated  from  60  to  100  degrees,  increases  its  volume  nearly  one  sixty-seventh  of 
its  bulk;  mercury,  one  two-hundred  and  forty-third  part;  and  many  substances 
much  less.  It  is  therefore  proper,  in  ascertaining  the  specific  gravities  of  bodies, 
to  note  particularly  the  temperature. 

SPECTACLES.  An  optical  instrument  consisting  of  two  lenses  set  in  a  light 
frame,  the  extremities  of  which  are  made  elastic,  so  as  to  retain,  by  a  slight 
pressure  against  the  sides  of  the  head,  the  instrument  in  its  place,  which  is 
supported  upon  the  nose  of  the  wearer.  The  use  of  spectacles  is  to  counteract 
some  defects  in  the  organs  of  vision;  and  as  these  differ  in  their  nature, 
the  lenses  vary  in  their  properties.  Those  with  convex  lenses  serve  to  counter- 
act the  effects  arising  from  the  too  great  flatness  of  the  eye,  by  giving  the  rays 
of  light  a  degree  of  convergency  sufficient  to  make  them  meet  exactly  at  the 
retina,  and  are,  therefore,  generally  proper  for  elderly  persons.  On  the  contrary, 
short-sighted  people  use  concave  lenses,  to  prevent  the  raysfrom  converging  so 
suddenly, — because  the  eyes  of  such  persons  being  too  round  and  protuberant, 
give  too  great  a  convergency  to  the  rays,  and  cause  them  to  meet  before  they 
reach  the  retina,  which  defect  is  remedied  by  glass  of  a  suitable  concavity. 

SPERMACETI.  A  substance  obtained  from  the  oil  found  in  the  head  of 
several  species  of  whale,  but  chiefly  from  the  physeter  macrocephaivs.  Though 
analogous  to  fat  and  wax,  it  differs  from  them  in  several  properties.  It  is  of  a 
flaky  texture — soft,  white,  and  brilliant;  melts  at  113**;  and  by  raising  the  heat 
may  be  volatilized  with  little  chane:c,  though  by  repeated  distillation  it  is 
decomposed.  It  burns  with  a  clear  flame.  A  property  distinguishing  it  from 
fat  is  that  of  solubility  in  alcohol  and  ether,  though  it  is  but  sparingly  soluble 
in  the  former.  It  dissolves  more  rapidly  and  abundantly  in  warm  ether,  from 
which  it  precipitates  when  cool:  oil  of  turpentine  acts  upon  it  in  a  similar 
manner.  Spermaceti  is  found  in  a  large  triangular  trunk,  four  or  five  feet  deep, 
and  ten  or  twelve  long,  filling  almost  the  whole  cavity  of  the  head,  and  seeming 
t(»  be  entirely  different  from  the  proper  brain  of  the  animal.  The  oil  is  separated 
from  it  by  dripping.  In  this  state  it  has  a  yellow,  unctuous  appearance,  and  is 
brought  to  England  in  barrels.  An  ordinary  sized  whale,  it  is  said,  will  yield 
upwards  of  twelve  large  barrels  of  crude  spermaceti.  The  mode  of  purifying 
it  in  the  large  way  is  as  follows: — the  mass  is  put  into  hair  or  woollen  bags, 
and  pressed  between  plates  of  iron,  in  a^  screw-press,  until  it  becomes  hard  and 
brittle.  It  is  then  broken  into  pieces,  and  thrown  into  boiling  water,  where  it 
melts;  and  the  impurities  which  rise  to  the  surface,  or  sink  to  the  bottom,  are 
skimmed  off  or  separated  from  it.  After  being  cooled,  and  separated  from  the 
water,  it  is  put  into  fresh  water  in  a  large  boiler,  and  a  weak  ley  of  the  potash 
of  commerce  added  to  it  by  degrees.  This  part  of  the  process  is  thrice  repeated, 
after  which  the  whole  is  poured  into  coolers,  when  the  spermaceti  concretes  into 
a  white  semi-transparent  mass,  which,  on  being  cut  into  small  pieces,  assumes 
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the  flaky  appearance  which  it  has  in  the  shops.  Some  adulterate  it  with  vax; 
but  the  deceit  is  discovered,  either  by  the  smell  of  the  wax,  or  by  the  dulneas  of 
the  colour.  Some  also  sell  a  preparation  of  oil  taken  from  the  tail  of  the  whale, 
instead  of  that  from  the  brain ;  but  this  kind  turns  yellow  as  soon  as  exposed 
to  the  air.  Indeed,  it  is  apt,  in  general,  to  grow  yellowish,  and  to  cootrart  a 
rancid,  fishy  smell,  if  not  carefully  secured  from  the  air.  The  more  perfeciiy  it 
has  beea  purified  at  first,  the  less  susceptible  it  is  of  these  altermtioos;  and 
afler  it  has  been  changed,  it  may  be  rendered  white  and  sweet  again  by 
steeping  it  afresh  in  a  ley  of  alkaline  salt  and  quicklime.  It  melta  in  a  tan»\\ 
degree  of  heat,  and  congeals  again  as  it  cools. 

The  great  use  of  spermaceti  is  for  making  candles,  and  it  is  also  employed  in 
medicine.  Spermaceti  candles  are  of  modem  manufacture:  they  are  made 
smooth,  with  a  fine  gloss,  free  from  rings  and  scars,  superior  to  the  finest  wax 
candles  in  colour  and  lustre;  and,  when  genuine,  leave  no  spot  or  stain  on  the 
finest  silk,  cloth,  or  linen. 

SPHERE.  A  solid  contained  under  one  uniform  round  surface,  such  as 
would  be  formed  by  the  revolution  of  a  circle  about  the  diameter  thereof. 

SPHEROID.  A  solid  body  approaching  the  figure  of  a  sphere,  thoaghnot 
exactly  round,  but  having  one  of  its  diameters  longer  than  the  other. 

SPINDLE.  A  term  sjmonymous  with  axis.  In  machinery  where  several 
axes  occur,  it  is  usual  to  denominate  the  subordinate  or  smaller  axes  spindles, 
as  in  cotton-spinning,  &:c. 

SPINET.  A  musical  instrument  of  the  piano-forte  kind.  The  latter,  by  its 
improved  tones  and  construction,  has  superseded  the  manufacture,  and  ^Iww^ 
wholly  banished  the  use  of  the  former.     See  Piano-porte. 

SPINNING.  The  art  of  combining  animal  or  vegetable  fibres  into  threads, 
by  twisting  them  together,  as  in  cotton,  silk,  wool,  flax,  hemp,  &c.  See  those 
articles. 

SPONGE.     A  marine  production  of  a  remarkably  porous  and   absorbent 
nature.     Its  property  of  readily  imbibing  almost  as  great  a  volume  of  water  as 
its  own  bulk,  and  as  readily  parting  with  it  by  compression,  renders  it  of  great 
utility.  The  best  is  of  a  light  colour,  free  from  stones  and  other  impurities,  very 
soft  and  elastic,  and  the  pores  or  holes  small.     It  is  chiefly  obtained  from  the 
Mediterranean,  about  the  shores  of  Turkey  and  the  Archipelago,  where  it  grows 
upon  the  rocks  at  considerable  depths  under  water.     To  bleach  sponge  and 
render  it  white,  it  is  soaked  repeatedly  in  fresh  water,  changing  the  fluid  several 
times  a  day;  and  at  the  end  of  five  or  six  days  it  will  be  ready  for  bleaching. 
If  the  sponge  contains  pieces  of  shells,  chalk,  &c.,  which  cannot  be  extracted 
without  tearing  it,  the  sponge  must  be  soaked  for  twenty -four  hours  in  muriatic 
acid,  diluted  in  twenty  times  as  much  water,  which  will  cause  an  effervescence 
to  take  place,  and  carbonic  acid  to  be  liberated,  when  the  shells  and  chalk  will 
be  dissolved.     After  this  the  sponge  must  be  carefully  washed  in  fresh  water, 
and  then  immersed  for  seven  or  eight  days  in  a  weak  solution  of  sulphuric  acid 
(specific  gravity  1.024),  occasionally  pressing  it  out  dry.  After  it  has  again  been 
perfectly  washed  and  cleaned,  it  may  be  sprinkled  with  a  little  rose-water,  to 
give  it  a  pleasant  smell. 

STARCH.  A  well-known  substance  extracted  from  wheaten  flour,  by 
washing  it  in  water.  All  farinaceous  seeds  afford  this  substance  in  a  greater  or 
less  degree;  but  it  is  most  easily  obtained  from  the  flour  of  wheat,  by  moistening 
any  quantity  with  a  little  water,  and  kneading  it  with  the  hand  into  a  tough 
paste;  this  being  washed  with  water,  by  letting  fall  upon  it  a  very  slender 
stream,  the  water  will  be  rendered  turbid  as  it  runs  off,'  in  consequence  of  the 
fecula  or  starch  which  it  extracts  from  the  flour,  and  which  will  subside  when 
the  water  is  allowed  to  stand  at  rest.  The  starch  so  obtained,  when  dried  in  the 
sun,  or  by  a  stove,  is  usually  concreted  into  small  masses,  which  have  a  fine 
white  colour,  scarcely  any  smell,  and  very  little  taste.  If  kept  dry,  starch  in 
this  state  continues  a  long  time  uninjured,  although  exposed  to  the  air.  The 
inferior  and  refuse  wheat  is  usually  employed  for  manufacturing  common 
starch;  but  when  the  finest  starch  is  required,  good  grain  must  be  used.  This, 
being  well  cleaned,  and  sometimes  coarsely  bruised,  is  put  into  wooden  vessels 


STEAM.  609 

ftill  of  water,  to  fennent:  to  assist  the  fetmentation,  the  vessels  are  exposed  to 
the  greatest  heat  of  the  son,  and  the  water  is  changed  twice  a  day,  dtinng  eif  ht 
or  twelve  days,  according  to  the  season.  When  the  grain  bunts  easily  under 
the  finger,  and  gives  oat  a  milky  white  liquor  when  sqaeexed,  it  ik  judged  to  be 
sufficiently  softened  and  fermented.  In  this  state  the  mins  are  taken  out  of 
the  water  by  a  sieve,  and  put  into  a  canvass  sack,  and  me  husks  are  separated 
and  rubbed  off  by  beating  and  rubbing  the  sack  upon  a  plank :  the  sack  is  then 
put  into  a  tub  filled  with  cold  water,  and  trodden  or  beaten  till  the  water 
becomes  milky  and  turbid,  from  the  starch  which  it  takes  up  from  the  grain. 
A  scum  sometimes  swims  upon  the  surface  of  the  water,  which  must  be  care- 
fully removed;  the  water  is  then  run  off  through  a  fine  sieve  into  a  settling 
vessel,  and  A-esh  water  is  poured  upon  the  grains,  two  or  three  times,  till  it  wifi 
not  extract  any  more  starch,  or  become  coloured  by  the  grain.  The  water  in 
the  settling  vessels,  being  left  at  rest,  precipitates  the  starch,  which  is  held  sus- 
pended; and  to  get  rid  of  tlie  saccharine  matter,  which  was  also  dissolved  by 
the  water,  the  vesseb  are  exposed  to  the  sun,  which  soon  produces  the  acetous 
fermentation,  and  takes  up  such  matter  as  renders  the  starch  more  pure  and 
white.  When  the  water  becomes  completely  sour,  it  is  poured  gently  off  from 
the  starch,  which  is  washed  several  times  afterwards  with  clean  water,  and  at 
last  is  placed  to  drain  upon  linen  cloths,  supported  by  hurdles,  and  the  water 
drips  through,  leaving  the  starch  upon  the  cloths,  in  which  it  is  pressed  and 
wrung,  to  extract  as  much  as  possible  of  the  water;  and  the  remainder  is 
evaporated  by  cutting  the  starch  into  pieces,  which  are  laid  up  in  airy  places, 
upon  a  floor  of  plaster,  or  of  slightly  burnt  bricks,  until  it  becomes  completely 
dried  from  all  moisture,  partly  from  the  access  of  warm  air,  and  partly  by  the 
floor  imbibing  the  moisture.  In  winter  time,  the  heat  of  a  stove  must  be 
employed  to  effect  the  drying.  Lastly,  the  pieces  of  starch  are  scraped  to 
remove  the  outside  crust,  which  makes  inferior  starch,  and  these  pieces  are 
broken  into  smaller  pieces  for  sale. 

STEAM.  The  term  generally  employed  to  designate  water  in  its  elastic  form, 
at  or  above  the  temperature  of  212*.  It  is  at  present  applied  to  many  economical 
purposes,  as  well  as  in  various  manufactures,  independent  of  its  important 
office  in  the  steam-engine.  In  order  to  make  water  boil,  the  fire  must  be 
applied  to  the  bottom  or  sides  of  the  vessel  which  contains  it:  if  the  heat  be 
applied  at  the  surface  of  the  water,  it  will  waste  away  without  boiling,  because 
the  superficial  particles,  by  imbibing  the  heat  necessary  to  render  them  elastic, 
fly  off  without  agitating  the  rest;  but  when  applied  to  the  lower  surface  of  the 
water,  the  bubbles  which  are  formed  at  the  bottom  rise,  and  give  off  their  heat 
to  the  incumbent  mass,  and  then  disappear  by  collapsing :  the  distances  which 
they  reach  before  collapsing  increase  as  the  water  continues  to  warm  further 
up  the  mass,  till  it  brealcs  out  into  boiling  on  the  surface.  If  the  handle  of  a 
tea-kettle  be  grasped  with  the  hand,  a  tremor  will  be  felt  for  some  little  time 
before  boiling,  arising  from  the  little  succussions  which  are  produced  by  the 
collapsing  of  the  bubbles  of  vapour.  This  is  much  more  violent,  and  is  really 
a  remarkable  phenomenon,  if  we  suddenly  plunge  a  lump  of  red  hot  iron  into 
a  vessel  of  cold  water,  when,  if  the  hand  be  appHed  to  the  side  of  the  vessel,  a 
most  violent  tremor  is  felt,  and  sometimes  strong  thumps ;  these  arise  from  the 
collapsing  of  very  large  bubbles.  The  great  resemblance  of  this  tremor  to  the 
feeling  experienced  during  the  shock'  of  an  earthquake  has  led  many  to  suppose 
that  these  last  are  produced  in  the  same  way;  and  the  hypothesis  is  by  no  means 
unfeasible. 

The  following  propositions  have  been  generally  assumed  by  certain  authorities 
as  correct  data : — 

1.  A  cubic  inch  of  water  forms  a  cubic  foot  of  steam,  when  its  elasticity  is 
equal  to  30  inches  of  mercury. 

2.  One  pound  of  Newcastle  coal  will  convert  seven  pounds  of  boiling  water 
into  steam. 

3.  The  time  required  to  convert  a  given  quantity  of  boiling  water  into  steam 
is  six  times  that  required  to  raise  it  from  the  freezing  to  the  boiling  point,  or 
from  32o  to  21 2^,  supposing  the  supply  of  heat  to  be  uniform. 
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4.  When  a  quantity  of  water  U  expoied  to  a  given  temMntare^  tlie  qnaatitjr 
of  steam  formed  in  a  given  time  will  be  at  the  sar&ee,  all  other  dungs  being 
equaL  The  quantity  will  also  be  jointly  as  the  force  of  Tapoor  answering  to 
each  decree  of  beat,  and  the  surface.  The  depth  of  water  OTaporated  in  a  given 
time  wUl  be  as  th3  force  of  vapour,  whatever  the  surface,  if  the  maac  be  uni- 
formly of  the  same  temperature.  When  the  force  of  Tapoar  is  30  inches,  and 
the  temperature  at  212°  ,  this  degree  being  just  preserved  only,  the  d^>th 
evaporated  is  1.3  inch  in  one  hour. 

5.  When  a  quantity  of  water  is  raised  to  the  boiling  point,  or  212*,  it  requires 
as  much  heat  to  give  it  the  elastic  form  as  would  raise  the  same  water  900o 
higher  if  its  volume  were  not  changed  by  the  heat;  thai  is,  if  it  coold  be 
prevented  from  expanding,  its  temperature  would  become  1112*  with  the  same 
quantity  of  caloric;  thus,  agreeably  to  fact  3,  the  heat  required  to  convert  water 
of  212^  in  to  steam  is  six  times  that  required  to  raise  the  temperature  firom  32* 
to  212*.     See  also  Steam-Emoinb,  power  of. 

STEAM  CAKRIAGES.— Under  this  designation  is  to  be  understood  all 
kinds  of  locomotive  vehicles,  propelled  on  the  common  roadi^  by  other  than 
animal  force. 

In  the  case  of  steam  carriages  used  upon  railroads,  the  struetore  of  one  is 
so  dependent  upon  the  other,  Uiat  the  former  may  be  regarded  as  the  muM/mg^ 
and  the  latter  the  stationary  part,  of  the  same  machine.  Whether  the  distioction 
thus  attempted  to  be  drawn  is  not  in  some  degree  applicable  to  both  classes  of 
locomotives,  might  be  disputed ;  but  there  are  other  marked  differences  between 
them,  which  have  induced  us  to  treat  them  separately.  The  common  road 
locomotives  require  to  perfect  them  a  higher  degree  of  mechanical  still  than 
those  on  the  rail ;  because  they  have  not,  like  the  latter,  a  level  and  unyieldmg 
surface  to  roll  upon,  but  one  that  is  full  of  asperities,  and  easily  penetrable, 
hence  increasing  in  a  great  degree  the  difficulties  of  construction.  The  former, 
likewise,  now  belong  to  a  history  of  the  past;  while  the  latter  form   the 

f  lories  of  the  present  day.      We  therefore  refer  the  reader  to  the    Article 
Lailway,  for  all  locomotives  that  are  designed  for  that  species  of  way. 
The  merit  of  the  first  suggestion  of  steam  carriages  has  been  attributed  to 
various  individuals ;  but  the  probability  is,  that  the  idea  of  appljring  the  steam 
engine  for  the  purpose  of  locomotion  is  coeval  almost  with  its  first  invention. 
Thus   Savery  from  having  considered  its  possibility,   and  Dr.  Robiaon  for 
having  suggested  it  to  Watt,  have  by  some  been  regarded  as  the  inrentors. 
Mr.  Watt,  however,  never  built  a  steam  engine  ;  and  it  is  said  that  he  retained 
up  to  the  period  of  his  death,  the  most  rooted  prejudices  against  the  use  of 
high  steam.     Indeed,  he  says  himself,  "  I  soon  relinquished  me  idea  of  con- 
structing an  engine  on  this  principle,  from  being  sensible  it  would  be  liable  to 
some  of  the  objections  against  Savery 's  engines,  viz.  the  danger  of  bursting  the 
boiler,  and  that  a  great  part  of  the  power  of  the  steam  would  be  lost,  because 
no  vacuum  was  formed  to  assist  the  descent  of  the  piston."     It  was,  however, 
the  sagacity  of  two  Cornish  engineers,  Trevithick  and^Vivian,  which  enabled 
them  to  perceive  in  the  excessive  force  exerted  by  hieh  steam,  (and  which 
alarmed  Watt,)  that  very  power  which  was  indispensable  to  the  propulsion  of 
locomotive  carriages ;  as  it  dispensed  with  the  use  of  a  condenser,  and  all  its 
cumbrous  appendages. 

Previous  to  the  year  1802,  animal  power  was  the  only  one  known  or  in  use 
for  the  moving  of  carriages ;  at  that  period,  the  above  mentioned  engineers 
obtained  a  patent  for  an  improved  steam  engine,  which  was  the  first  of  the  high 
pressure  kmd,  and  is  thus  characterized  by  the  eloquent  Mickleham.  <*  It 
exhibits  in  construction  the  most  beautiful  simplicity  of  parts,  the  most  saga- 
cious selection  of  appropriate  forms,  their  most  convenient  and .  effective 
arrangement  and  connexion;  uniting  strength  with  elegance;  the  necessary 
solidity  with  the  greatest  portability ;  possessing  unlimited  power  with  a 
wonderful  pliancy  to  accommodate  it  to  a  varying  resistance :  it  may  indeed  be 
called  *'  The  Steam  Engimx."  The  specification  of  the  patent,  after  describing 
this  engine,  proceeds  to  show  its  application,  "  to  give  motion  to  wheel  carriages 
of  every  description,"  by  suitable  drawings  and  explanations.     From  a  copy  of 


Fig.  I,  ii  B  vertical  aection,  and  Fig.  2,  a  plan, ■hotting  theprincipalamnge- 
minu  of  thv  tint  ilrain  carriage.  "Ai  B  ■,  is  the  caie,  having  (herein  the 
boiler,  with  its  fire  place  and  flues.  At  r  «,  ii  the  piaton  rod,  forked  la  admit 
th«  end  or  the  crank  a  ;  tbe  uid  rod  drivea  a  crow  piece  at  q  backvard  and 
forvaid  between  euides  ;  and  this  crou-piece,  by  means  of  the  bar  q  a,  eive* 
motion  to  tbe  crank  with  its  fly  r,  and  to  two  wheeli  t  t  upon  tbe  crank  axis, 
which  lock  into  two  correspondent  wbeeli  ti  upon  the  naTea  of  tbe  larf^e  wheels 
of  lbs  carriage  itself.  Tbe  wheels  t  are  fixed  upon  round  aockela,  and  receive 
their  motion  from  a  itriking  box  or  bar  a  x,  which  acts  upon  a  pin  in  each 
wheel  i  ■  T  are  two  handles,  by  ineana  of  which  either  of  ibe  striking  boiei  s  i 
can  be  thrown  out  of  gear,  and  tbe  correspondent  wheel  w  by  that  meuii  dia- 
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connected  with  the  fint  moTer,  for  the  purpoee  of  turning  ihort,  or 
backward  wutticm  cftkat  wheel  when  reqmred ;  Imt  either  of  Me  mke^  w,  m 
case  of  turning f  can  be  allowed  considerably  to  ooerrwa  the  other  witAomt  tkrtmeimg 
six  out  cf  gear,  becaoae  the  pin  can  go  verj  nearly  round  in  the  forward  modoo 
hefore  it  will  meet  with  any  obstruction.  The  wheels  u  are  most  cammonlj 
fixed  upon  the  naves  of  the  carriage-wheeb  w,  by  which  means  a  rerolatioD  of 
the  axis  itself  becomes  unnecessary,  and  the  outer  ends  of  the  said  axis  may 
consequently  be  set  to  any  obliquity,  and  the  other  part  fixed  or  bended,  as  the 
objects  of  taste  or  utility  may  demand.  The  fore-wheeh  are  applied  to  dared 
the  carriage  by  meant  of  a  lever  n ;  and  there  is  a  check  lever  which  cam  be 
applied  to  the  fly,  in  order  to  moderate  the  velocity  of  progression  when  going 
down  hill.  In  the  vertical  section  is-  shown  a  springinz  lever,  having  a  ten- 
dency to  fly  forward.  Two  levers  of  this  kind  are  duly  and  similarlj  placed 
near  the  middle  of  the  carriage,  and  each  of  them  is  alternately  thrown  back 
by  a  ihort  bearing  lever  upon  the  crank  axis,  which  sends  it  home  into  a  catch 
at  the  end,  and  ^terwards  releases  it  when  the  bearing  lever  comes  to  press 
upon  V,  in  which  case  the  springing  lever  flies  back.  A  cross  bar,  or  double 
handle  is  fixed  upon  the  upright  axis  of  the  cock,  from  each  end  of  which 
said  cross  bar  proceeds  a  rod  p  0,  which  is  attached  to  a  stud  q,  that  forms  part 
of  the  spring  lever.  This  stud  has  a  certain  length  of  play,  by  means  of  a 
long  bole  or  groove  in  the  bar,  so  that  when  the  springing  lever  is  pressed 
up,  the  stud  slides  in  the  groove  without  giving  motion  to  p.  When  the  other 
springing  lever  is  disengaged,  it  draws  the  opposite  end  of  the  handle,  and  causes 
p  to  draw  the  long  hole  at  g  up  to  its  bearing  sgainst  the  stud,  ready  for  the 
letting  ofi*  of  that  first-mentioned  springing  lever.  When  this  last  mentioned 
lever  comes  to  be  disengaged,  it  suddenly  draws  p  back,  and  turns  the  cock  one 
quarter  turn,  and  performs  the  like  office  of  placing  the  horizontal  rod  of  the 
other  extremity  of  the  handle  ready  for  action  by  its  own  springing-lever.  TTkese 
alternations  peiform  the  opening  and  shutting  of  the  cockt  and  to  one  of  the  springs 
ing  levers  is  fixed  a  small  force-pump  tr,  which  draws  hot  water  from  the  case  by 
the  quick  back-itroke,  and  forces  it  into  the  boiler  by  the  stronger  and  more  gra- 
dual  presmre  of  a  lever  on  the  crank  axis.  It  is  also  to  be  noticed  that  m  certain 
cases  we  make  the  external  periphery  of  the  wheels  w  uneven,  by  projecting  heads 
of  nails  or  bolts,  or  cross  grooves,  or  fittings  to  railroads,  when  required  ;  and 
that  in  cases  of  hard  pull  we  cause  a  lever,  bolt,  or  claw,  to  project  through  the 
rim  of  one  or  both  of  the  said  wheels,  so  as  to  take  hold  of  the  ground  ;  but 
that  in  general  the  ordinary  structure  or  figure  of  the  external  surface  of  these 
wheels  will  be  found  to  answer  the  intended  purpose.  And,  moreover,  we  do 
observe  and  declare,  that  the  power  of  the  engine,  with  regard  to  its  convenient 
application  to  the  carriage,  may  be  varied,  by  changing  the  relative  velocity  of 
rotation  of  the  wheels  w  compared  with  that  of  the  axis  s,  by  shifting  the 
gears  or  toothed  wheels  for  others  of  difierent  sizes,  properly  adapted  to  each 
other  in  various  ways,  which  will  readily  be  adopted  by  any  person  of  competent 
skill  in  machinery.  The  body  of  the  carriage  m  may  be  made  of  any  conve- 
nient size  or  figure,  according  to  its  intended  uses.  And,  lastly,  we  do  occa- 
sionally use  bellows  to  excite  the  fire,  and  the  said  bellows  are  worked  by  the 
piston-rod  or  crank,  and  may  be  fixed  in  any  situation  or  part  of  the  several 
engines  herein  described,  as  may  be  found  most  convenient." 
A  carriage  was  built  soon  after  the  grant  according  to  the  construction  above 

fiven,  and  exercised  before  the  public  for  a  considerable  time  in  the  neighbour- 
ood  of  the  present  site  of  Euston  Square,  London.  Succeeding  pateuteea,  it 
will  be  observed,  have  availed  themselves  of  the  judicious  arrangement  of  these 
ingenious  projectors. 

Such  was  the  indifierence  of  the  public  to  inventions  of  the  kind,  that  nine- 
teen years  elapsed  before  another  steam  carriage  for  the  common  road  was 
brought  out,  which  was  the  subject  of  a  patent  granted  to  Mr.  Julius  Griffith 
in  1821  ;  and  this  carriage,  we  are  informed,  was  chiefly  designed  by  foreignecs. 
At  a  is  the  furnace,  supplied  with  fuel  from  a  receptacle  6.  At  c  are  two 
handles,  one  to  open  the  feeding  door,  and  the  other  to  operate  upon  ardaxiper. 
The  boiler  is  at  a  in  a  double  case  packed  with  non-conducting  materials.     The 
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boiki  ooniiiti  of  tierf  of  lyiriwBtal  tube*.  CanaMted  by  bolU  and  t&ap*  to  the 
name  of  the  caniagc>  b  »  RMrmr  of  watci  *,  which  i*  dni«ii  «ot  by  a  foica- 
pump  at/,  and  by  the  return  atnika  iujectMl  iato  a  pipe  f  at  the  bottom  sf  ibe 
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bml^  whanoa  it  ii  diilributed  into  the  lowcrmnt  range  of  tubei,  and  fhun 
tliMe  to  the  next  above,  the  uppermoit  row  being  employed  a*  ileam  merrnri, 
and  receiving  the  waite  heat  ai  it  passea  to  the  cbimnej,  to  aa  to  increaae  the 

elastic  force  of  the  vaiiour  before  it  proceeds  along  the  iteam  pipe  h  lo  the 
engines,  whence,  after  haviag  given  motion  lo  llie  piatons,  it  is  conducted  by  a 
pipe  into  the  condenier  i,  wliich  coniiata  of  ■  number  of  flattened  tliin  metal 
lubes,  exposed  to  the  cooling  influence  of  the  air.  The  power  of  the  engines  ii 
communicated  from  the  piiton  rods  to  the  running  wheels  of  tbe  carriage 
through  the  meiina  of  aweep-rods,  (one  of  wliich  is  brought  Into  view  at  j,)  the 
lower  ends  of  which  are  provided  witli  driving  piniona  and  detents,  which 
operate  upon  toothed  gear  fixed  lo  the  hind  carriage  wheel  aile.  TTie  object  of 
this  mecbaniim,  (whicn  is  of  foreign  invention,  and  denominated  an  Arlzberger,) 
)a  to  keep  the  driving  pinions  always  in  gear  with  the  toothed  wheels,  however 
the  engine  and  other  machinery  may  vihrate,  or  the  wheels  be  jolted  upon 
vneven  ground.  In  order  that  the  engines  and  steam  apparatus  may  not  suiter 
from  the  coQcuaiions  of  the  latlet,  they  are  suipended  by  sUcga  at  i  to  a  strong 
iron  framing  I  i,  and  to  give  the  auspeDdlng  chains  soma  degree  of  elasticity, 
siout  helical  springs  are  introduced  between  them,  as  shown  at  fi. 

The  guiding  of  the  can-i^e  is  eflected  by  means  of  levers  wblch  turn  round 
the  axlei  of  the  fore  wheels,  so  bi  to  present  the  latter  in  the  line  of  direction 
required.  The  axles  arc  aupporled  in  a  vertical  frame,  which  is  made  to  tuitt 
horizontally,  by  meant  of  a  guide  wheel,  on  the  top  of  a  spindle,  the  lower 
extremity  of  which  carries  a  pinion  that  takes  into  an  internal  toothed  wheel 
at  p. 

We  are  not  aware  chat  Mr.  GrifBtb'i  carriage  ever  made  any  public  demon- 
itrationa  of  its  working  powers ;  but  Mr.  A.  Gordon  states  that  the  chief 
difficulty  which  Mr.  Griffith  bad  to  contend  with,  was  the  liability  of  having d 
the  water  blown  out  of  the  tubes,  by  the  pressure  of  the  steam  on  tha  lowtr  part; 
no  provision  having  hten  made  for  allowing  the  v>ater  to  return,  or  for  main- 
taining  an  equiUbrium  of  preMUie.  Notwithstanding  tbe  Ciiluie  of  this  attampt. 
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lucceeded  \ij  taanj  olher  proJMlon  in  tliis  lin^.  The  s 
*as  patented  b;  Messn,  Bumall  uid  Hill  in  1S24.  Annemd  'It 
ling  an  eieralion  of  the  machine,  Uie  fore  part  of  the  catrtage 
ai  Dot  being  neceaaar;  to  the  explanation,   and  a*  '■*r>f*i"j  ■ 
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"  A  is  (he  pUce  for  fuel,  and  aa  a  are  parU  of  the  flue,  oa  seen  in  section,  the 
lop  being  formed  into  a  number  of  shallov  receptacles  for  water  in  a  state  of 
being  converted  into  iteam.  B  ii  the  chimney;  at  D  are  two  cylinders,  one 
behind  the  other,  which  are  fitted  up  with  pistons  and  Tolveiin  the  usual  way, 
for  ihe  alternate  action  of  BCeam  above  and  below  the  pistons.  The  boiler  la 
impended  on  springs:  andthesleam  is  conveyed  from  it  to  the  engines,  through 
Ihe  helical  pipe  c,  which  has  that  farm  giren  la  it  to  allow  the  vibration  of  the 
boiler,  without  injury  to  the  stesm  joints.  E  is  the  cistern  contuining  water  for 
one  sla^e,  say  50  to  80  gallons,  and  made  to  sustain  a  preaiure  of  about  60 

Kund]  to  the  squire  inch.  At  e  are  one  or  more  ait^pumps,  which  are  workeid 
ihe  beams  F  E  of  the  eng^ne^.  and  are  uted  to  force  nir  into  the  waier  vessel, 
that  its  pressure  may  drive  out,  by  a  convenient  pipe,  the  water  into  the  boiler, 
■s  it  may  be  required.  The  two  beams  are  coiinecled  at  one  end  with  the 
niiton  rods,  and  at  the  other  with  the  rocking  standards  H  H  ;  j  3  are  connect- 
ing rods  slEached  to  two  cranki,  giving  a  continued  rotatory  motion  to  the 
wheels,  witliout  the  necessity  of  a  fly-wheel.  The  four  coach  wheels  MW 
attached  to  the  axles  nearly  as  in  common  coaches,  except  that  there  is  « 
ratchet  wheel  formed  upon  the  back  part  of  the  nave,  with  a  box  wedged  into 
Ihearle,  containing  aspring  pail,  causing  the  wheels  to  he  impelled  when  the  w(l« 
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revolTeSy  and  at  the  same  time  allowing  the  outer  wheel,  when  the  carriage 
describes  a  curve,  to  travel  faster  than  the  inner  one,  and  still  be  ready  to 
receive  the  impulse  of  the  engine  as  soon  as  it  comes  to  a  straight  course.  . 

"  The  patentees  have  another  method  of  performing  the  same  operation,  with 
the  further  advantage  of  backine  the  coach  when  the  engines  are  backed.  In 
this  plan,  the  naves  are  cast  with  a  recess  in  the  middle,  in  which  is  a  double 
bevelled  clutch,  the  inude  of  the  nave  bein?  formed  to  correspond.  The  clutches 
are  simultaneously  acted  upon  by  connecting  levers,  and  springs,  and  which, 
according  as  they  are  forced  to  the  right  or  left,  will  enable  the  carriage  to  be 
moved  forward  or  backward.  To  the  fore  nave  are  fixed  two  cylindrical  metal 
rings,  round  which  are  two  friction  bAkids,  to  be  tightened  by  a  lever  convenient 
for  the  foot  of  the  conductor,  and  which  will  readily  retard  or  stop  the  coach 
when  descending  hills.  R  is  the  seat  of  the  conductor,  with  the  steering  wheel 
L  in  the  front,  which  is  fastened  on  the  small  upright  shaft  1,  and  turns  the  two 
bevel  pinions  2,  and  the  shaft  3,  with  its  small  pinion  4,  which,  working  into  a 
segmental  rack  on  the  fore  carriage,  places  the  two  axles  at  any  required  angle, 
the  centre  of  motion  being  the  perch-pin  I." 

The  patentees  built  a  steam  carriage  upon  the  foregoing  plan,  but  with 
numerous  alterations  and  modifications.  Their  success  in  demonstration  was 
but  partiaL  Like  other  locomotionists  who  followed  them,  something  was  always 
requiring  to  be  altered,  to  overcome  new  difficulties  introduced  by  previous 
improvements ;  but  they  had  the  good  sense  to  retire  from  the  undertaking 
without  very  heavy  pecuniary  loss,  and  with  undiminished  reputation  as 
machinists ;  the  problem  not  having  been  solved,  iatiifactorUy^  by  any  succeed- 
ing inventors. 

Mr.  W.  H.  James,  of  Birmingham,  gave  the  subject  of  steam  carriages  much 
studious  attention  for  several  years,  in  the  course  of  which,  and  through  the  aid 
of  Sir  James  C.  Anderson,  he  constructed  several  in  succession.  The  first  of 
them  acted  as  well,  or  nearly  so,  as  those  which  followed. 

Mr.  James  caused  the  engines  and  their  frame-work  to  vibrate  altogether 
upon  the  crank  shafts  as  a  centre,  and  connected  these  engines  to  the  boiler 
and  exit  passages,  by  means  of  hollow  axles  moving  in  stuffing  boxes,  which, 
together  with  we  body  of  the  carriage,  were  suspended  upon  springs  bolted  to 
the  axletrees. 

Fig,  1,  in  the  following  cut,  exhibits  a  plan  of  the  machinery  of  a  carriage,  as 
applied  to  the  hind  wheels.  At  a  is  the  boiler  ;  which  consisted  of  a  series  of 
annidar  tubes  of  equal  capacity  and  diameter,  placed  side  by  side,  and  bolted 
together,  so  as  to  form  by  their  union  a  long  cylindrical  boiler,  as  shown  in  the 
figure.  A  full  description  of  this  generating  apparatus  having  been  already 
given  under  the  article  Boiler,  we  shall  not  here  enlarge  upon  it.  The  frame 
h  has  four  vertical  supports  e  e  e  e  connected  to  it,  and  from  these  beams  are 
extended  over  the  boiler,  which  is  suspended  to  them  ;  and  they  also  carry  by 
suitable  bearings  the  body  of  the  vehicle,  which  it  is  unnecessary  to  explain. 

The  axles  of  the  running  wheels //are  connected  in  one  piece  with  each  of 
the  crank  shafts  g  g,  by  which  one  wheel  is  made  to  revolve  independently  of 
the  other.  Each  of  these  engines  has  two  cylinders  h  A,  which  operate  by  their 
piston  rods  upon  the  cranks ;  to  these  separate  engines  steam  is  applied  from 
the  boiler  a  a,  by  means  of  the  pipe  /c,  which  enters  at  the  stop-cocx  /  into  the 
steam-box  m  ;  from  this  box  the  steam  passes  into  the  pipes  n  n,  which  move 
steam-tight  through  stuffing-boxes ;  from  thence  the  steam  proceeds  through 
the  pipes  o  o  o  to  the  slide  boxes  p  p  p,  the  slides  being  worked  by  eccentrics 
q  q  q,  on  the  crank  shafts,  in  the  usual  manner,  and  thence  to  the  cylinders. 
The  exhaustion  pipes  r  r  lead  into  hollow  axles  n  it,  in  which  there  are  par- 
titions s  s,  to  separate  the  steam  from  the  exit  passages,  which  pass  through  the 
said  hollow  axles  to  the  boxes  t  /,  from  which  there  are  pipes  u  u  leading  to  the 
chimney  r,  where  itisthrown  ofTto  increase  the  draught,  and  combustion  of  the  fuel. 
The  rods  x  x  are  attached  to  the  fore  axle  of  the  running  wheels,  and  also  to  the 
two  handles  of  the  cock  /,  so  that  the  fore  axle  and  the  cock  move  simultaneously, 
and  parallel  to  each  other;  z  z  represent  part  of  the  frame- work  extended,  for 
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Iving  ih»  engtne  togetbet  b;  meu»  of  a  bolt,  and  u  u  to  allow  the  boAf  •< 
Ibe  ctUTuge  to  hart  a  digiit  iMeral  motion  upoD  itiniringB,  iodt^wndentlT  of  iW 
cnpRct,  b;  mcaiu«f  thebollonaxleiilidiiiglongitaiiiiallj  tbrcH^h  tbeitnfll^- 
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In  I83'J  Mr.  James  took  out  anoilipr  patent,  llie  chief  fpHtures  in  which 
wpre  a  hieh  pres'ure  boiler  of  a  novel  descripli.n  ;  being  formed  of  ■ 
horiziintal  tier  of  cast-iron  plates  ingeniously  ca«t  with  (iibular  cavities  in  the 
body  of  the  nietal.  and  ihroughout  its  area.  Tlicse  cavities  hold  the  water  to  be 
vaporized,  wliieh  is  connl.inlly  made  to  flow  throughout  the  tier,  hy  a  hydraulic 
apparatus,  whigli  ihe  inventor  denominates  a  "  heart-pump."  The  fire  opf^tales 
upon  the  entire  bottom  surface  of  each  water-plate,  and  the  steam  is  collected 
in  the  highest  plate,  to  which,  in  additioti  to  Ihe  u^ual  appendngrs  of  a  steam 
carringe,  is  a  steitm  pipe  leading  to  a  trumpet,  which  is  sounded  by  the  molian 
of  a  lever  operating  upon  a  valve  at  the  induction  orilice. 

The  performances  of  Messrs.  James  &  Co.'s  carriages  were  not  much 
disumilar  to  those  of  other  locomotionisls  uf  lilte  extent  of  experience. 
The  practicability  of  the  scheme  in  a  mechanical  point  of  view,  we  had  many 
demoiiBtralions  of;  atid  on  one  occasion  we  were  propelled  st  the  rate  of 
fiheen  miles  an  hour  for  severs!  miles  together.  Rut  the  undertaking  was 
(commercially  speaking)  nnauccessful,  and  was  therefore  discontinued. 

Tn  1824  the  late  Mr.  David  Gordon  obtained  a  patent  for  steam  carriage* 

Mr.  David  Gordon's  carriage  ran  upon  three  wheels;  one  in  front  to  ttver 
by,  and  two  behind  lo  bear  the  chief  weight.  Each  of  the  wheels  had  a  separate 
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axle,  Iha  bdJi  of  whidihad  their  bearingi  upon  parallel  ban^  the  wheel*  loUing 
in  ■  perpeDtUculat  poaitkin. 

In  tha  fbre  pait  of  the  carriage  were  placed  the  ileatn  enginei,  comiitiiig  of 
two  braM  ejlioden,  in  a  horbontal  podtioti,  butTibrating  Dpon  tninnioni;  the 
pitton  lodt  of  theie  engiuee  gave  motion  to  an  eight-throw  eiaiik,  two  in  the 
middle  for  the  crlindera,  and  three  on  eacb  aide,  to  which  were  attached  (he 
|rropellen;  b;  tne  revolution  of  the  crank,  theM  pn^iellenoc  lege  were luccea- 
iivK\y  forc^  outwardi,  with  the  feet  of  each  againit  the  ground  in  a  backward 
direcuon,  and  were  immediately  afterwordi  lifted  from  the  ground  bj  the 
revolution  nf  another  cr«nk,  parallel  to  the  fonner,  and  lituated  at  a  proper  die- 
taace  from  it  on  the  lame  frune.  To  the  tower  endi  of  theie  propelling  roda 
vere  attached  the  feet,  of  the  fonn  of  legmenti  of  ciidei,  and  made  on  their 
under  aide  like  a  ibott  and  tci;  itiff  brush  of  whale-bone,  nippoited  b;  inie^ 
mixed  iron  teeth.  Theie  feet  preued  againit  the  ground  in  regular  luccetiion, 
b;  a  kind  of  rolling,  circular  motion,  without  digging  It  up.  The  guide  had 
the  power  of  lining  iheae  legs  off  the  ground  at  pleasure,  lo  that,  in  going  down 
bill,  when  ibe  gravity  wai  nifficient  for  propuliion,  nothjiig  but  a  brake  waaput 
into  requilition  to  retard  the  motion,  if  neoenary,  Ifthecarriace  wu  proceeding 
upon  a  level,  the  lining  of  the  propeilen  wai  equivalent  to  the  lubtnction  of 
the  power,  and  loon  brought  it  to  a  stoppage ;  and  in  making  turns  in  a  road, 
the  guide  bad  only  to  lift  the  propeller*  od  one  nde  of  the  carriage,  and  allow 
the  olhera  to  operate  alone,  utilil  the  curve  was  travened. 
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Tbe  above  engraving  represents  a  aide  elevation  of  the  machine ;  the  front  of 
the  carriage  being  cut  off  ai  useless  to  our  object,  and  as  occupying  valnable 
■pace.    At  a  is  the  end  of  the  boiUri  b  toe  flue ;  e  an  apartment  for  Ibe 
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mgiocer  to  ■ttcnd  tbe  GreandregnlUelheinaehiDery,  whicli  apartment  eon  taint 
a  itore  of  nater,  coke,  Sic  ;  d  eitemal  connecting  rod  (  one  on  each  aide  of  the 
earruga),  by  which  the  driring  cnink>  of  the  propcllera  actnate  the  nnall  lifting 
cnmki  witliin  the  cairian ;  e  being  the  axii  of  tlie  drivbg  cnuiki,  and  f  tb« 
aiii  of  Ibe  lifting  eranka;  pp  are  the  propelicn:  •(  itrapt  l^  whicn  tba 
propellera  are  lifted  ttma  the  gronnd  by  the  aJlemationi  of  ibe  crank. 

It  waa  in  th«  year  1825,  that  Mr.  Goldiworth;  Gumey,  •  medical  gentlrman 
of  London,  eoinmenced  his  career  in  loconiotioi] ;  and  bting  liberally  lapported 
by  capital iiti,  he  built  a  nnmber  of  (team  carriages :  which  during  aerenl 
yeata  were  oceaiionally  bnxigbl  out  of  ihe  factory,  and  eiLperimenleii  with  on 
the  pnblie  roada  ;  but  without  alLuniog  that  degree  at  anceeH,  in  an  ecotiomieal 
point  of  riew,  which  tbe  pnbltc  were  at  lint  led  (o  beliere  had  been  efiected. 
Tlie  fitil  atUmpt  made  by  Mr.Gumey  waa,  properly,  that  of  producing  a  atesni 
generator  of  auperior  effican,  which  out  readera  will  find  fiiUy  deacribed  and 
ulaitr»ted  in  the  BoiLaa.  The  fpecifieation  of  hia  patent  ia  uiua  reported  a 
the  LoDdon  Journal  of  Arte  and  Sciencci. 

The  mode  of  propelling  oarriagea  on  roadi  and  railwan,  propoaed  by  th« 
ntee,  b  by  the  agency  of  moving  legi,  or  crntefae*,  linking  outanderthecar- 
riase,  tha  lower  end)  of  which  legs  are  intended  to  bear  against  the  ground  as  > 
■edatanea,  and,  baing  forced  backwards  by  the  power  of  machinery,  caiiae  the 
••Rii^  to  mo**  ibrward  in  the  opposite  direction.  Similar  contrivance*  to 
this  ^*e  been  repeatedly  euggeaied.  The  pateotee,  therefore,  is  to  he  consi- 
dered as  merely  adopting  this  plan  as  one  tliat  be  considers  most  convenient ; 
and  claimi  as  his  invention  tinply  the  guide  rolUrt  attached  to  the  legs, 
upon  which  ihe  carriage  movei  forward.  The  annexed  figure  represents  the 
aide  of  the  carriage  running  upon  ordinary  wheels,  with  the  steam-engine  by 
which  its  propelling  legs  and  other  mechanism  are  to  be  moved;  o  all  the  perch 
«r  main  beam  of  the  carriage  ;  b  the  working  cylinder  of  the  steam-engine, 
which  in  this  initonce  lie*  nearly  horizontal,  Biid  ii  supported  in  standards  upon 
pivots ;  c  is  the  piston  rod  of  the  engine,  with  a  smaJI  guide  roller  running 
opoo  the  stationary  block  d.  The  pi>ton  rodis  attached  by  a  joint  to  the  vJbr>- 
Ung  lever  e,  front  which  lever  a  chain  extend*  over  small  pullics,  let  into  the 


GoLDswoaTHT  Gukiibt's  Stbam  C«aBiAai, — PiasT  Patent  1f)25. 

blocks  d,  and  its  ends  are  made  fait  to  the  other  vibradng  lever/;  consequently, 
these  two  leven  acquire  reciprocating  motions  from  the  action  of  the  piaton 
rod.  At  the  extremity  of  the  crane's  neck  7,  the  two  oscillating  levers  A  A  are 
Buspended,  and  these  being  lespectirrly  attached  by  connecting  rods  i  ■  to  the 
levers  <  and/,  move  simultaneouiW  with  ths  last-mentioned  leven  aslhepialoa 
of  the  enpne  works  to  and  fro.     The  lower  ends  of  the  leven  A  A  are  attached 
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bv  jointi  to  tbc  horteontal  to^  i  I,  nd  Am*  rod*  are  ooaiwttad  to  the  (Udhig 
bloekwlikli  i«0Ta  Iba  iagt  or  aratebM  «  «.  Xlu  bBriaoaUl  rodi  1  i,  tai  aim 
th*  faloeka  «lu«)i  ohij  tb*  hp,  (tide  along  in  rchalad  Enort^  fomod  fn  the 
bitdar  iMe  af  the  p«eh  a,  wluch  croovea  are  npnwotM  by  4oii,*iidapoitiatt 
of  lb*  Nde  of  the  pnoh  ii  naiortS  in  the  fignre,  to  •buw  one  ofthe  Uoekt  •  with 
it*  raUm  wiihiB,  Tbe  bleek  o  bee  tniU  lertieal  vbeeii^  or  uti-fiictiov  r^len, 
by  which  it  ii  anaUed  t»  nu  fteely  along  tbe  rebate  or  ledge  at  tba  giooTe ;  it 
Ma  elect  eniell  horiMmtd  loUn^  to  jntrent  ibe  bloek  fVon  nibbiiv  igaiiiit  the 
■idea  of  the  gnwvfc  In  tbeimdwaideof  caebof  the  hlocki  apm  pia  Ssed, 
wbichieintBBdedlapa«thnii)gh  the  topof  thelefiMOTs,  aadanuUbeiieal 
ftiag  k  plaeed  upcm  tbe  piBi  aid  eeeured  by  a  letew  nut,  for  the  paxpon  i£ 
kee^ng  ^  (be  tap  of  tbe  1m  againit  Ihe  andor  aide  of  tba  perGli,  bot  jet 
eimii^  It  aene  degtee  ofpby-  By  the  aation  of  tiM  ataain  aagiiw,  and  the 
atber  menhaBJii  amuaeiad  ihaieto,  the  hUeki  o  are  made  ta  lUde  ndtMracallT 


..„  _  , ._  IT  above  deaetibad;  aad 

_  leof  ibelegaer  eraleheelobe  biieiulil  iiilii  Iha  libiation  of  a^  tbe 
leet  will  take  bddof  £  gtowid,  andfemaia  ataliaiiaiyi  while  thaibrea  of  the 
maehiiiery  prcanng  ^aioM  it  will  caiu*  the  eaitiaga  lo  itide  forward,  and  tbe 
l«g  M  lo  anume  the  utnatioa  of  a,  while  a  will  be  advanced  int«  the  dttiatiou 
oTb;  andviec  twrid.  Thm,  by  the  reciprocating  nMHreineata  oC  the  nacbiuen, 
the  eairi^e  will  be  progreMnly  impelled  forwud  by  tbe  eivtehee  oi  1^*.  In 
order  to  turn  the  carriage  round  comen  or  anglee  in  Ibe  load,  the  axle  of  lb« 
hinder  whaeli  ii  made  to  move  round  hofiiontally,  upon  a  santral  piD,bjnc*iM 
of  a  itr^  or  other  contriTaoca  applied  al  q.  By  thia  atrap  and  a  aDltable  bundle 
or  Isver,  the  conductor  guide*  the  courve  of  tbe  eaniage  in  a  atraigbt  oi  tuned 


No  preteniioo*  are  made  by   Mr.  Garner  in  bii  q>eciScaiion  of  bavin* 
invented  any  part  of  tbe  machinery  deecribca  therein  but  the  "  gnlde  roUera 


lo  the  erulchea,  ai  the  crutehe*  themielvei 

V4 
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and  i>  will  be  seen  that  thew  cnitcbe*  and  [oUeti  were  abandoned  aa  uielcM  1^ 
Mr.  Gnmey  himielf.  Were  we  lo  dcKribe  minutely  the  numeionaconirivaneea 
and  alteration!  made  bv  the  patenlee  and  biiBHiitant,  it  would  occnpya*  much 
apace  ai  the  whole  of  thii  article,  and  be  at  the  tame  time  a  vety  uninlereeting 
end  prolilien  biitoiy  of  errori  aud  failuiei,  which  few  men  having  a  knowledge 
of  (team  end  machiuery  would  have  committed. 
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The  iFreeeding  earriace  npreiente  oneof  the  latest  prodnctioiifl  of  Mr.  Gnxmtjf 
who  bailt  three  opon  the  ssme  model  for  Sir  Charles  Dance,  which  ran  regofavl/ 
from  Cheltenham  to  Gloucester  during  a  period  of  three  or  four  BBootha.  These 
carriages  were  employed  as  dragM,  to  draw  after  them  the  passengers  contained 
in  a  light  carriage  of  the  omnihus  kind.  Only  one  of  the  drags  was,  we  believe^ 
in  use  at  a  time,  the  others  being  kept  in  dock  to  supply  a  fresh  one,  whenever 
repairs  became  necessary  to  the  one  in  use. 

An  arrangement  for  a  locomotive  carriage  was  patented  In  December,  1 826, 
by  Mr,  Frederick  Andrews,  of  Stamford  jSvers,  in  Essex ;  the  peculiarities  in 
which  consist,  first,  in  employing  a  single  steering  wheel  in  front  of  the  car- 
riage, the  axis  of  which  rerofves  in  two  lateral  bars  of  a  framing  that  connects 
it  to  the  azletree  of  the  four  wheels,  and  thereby  turns  the  latter  with  it.  To 
give  effect  to  this  steering  wheel,  the  framing  is  designed  to  carry  higgage,  or 
other  sufficiently  heavy  articles.  Another  arrangement  of  the  inventor'a  con- 
sisted in  employing  a  pair  of  engines  working  upon  pivots  or  trunnions,  so  that 
try  their  vibrations  the  piston  rods  might  be  directly  connected  to  the  throws  of 
tne  crank,  and  adapt  their  inclinations  to  the  varied  motion  of  the  latter.  The 
other  arrangements  will  be  easiest  understood  by  reference  to  the  annexed  cut. 
a  shows  a  vertical  section  of  a 
cylindrical  boiler;  e  is  the 
furnace,  the  heated  matters 
fWmi  which  pass  longitudinally 
under  the  boiler,  and  then  re- 
turn to  the  front  through  a 
central  flue  b,  before  it  enters 
the  chimney,  not  shown. 
Transversely  through  the  cen- 
tre of  the  bofler  there  is  a 
tubular  passage,  open  at  each 
end,  through  which  the  axis 
of  the  wheels  g  g  passes,  suf- 
ficient space  being  made  in 
that  tube  for  the  cranked  por- 
tions f  f  o(  the  axis  also  to 
pass  through.  The  piston  rods 
Deine  connected  to  the  throws 
of  the  crank,  it  of  course 
causes  them  to  revolve,  and 
with  them  the  wheels  by 
which  the  carriage  is  propelled.  The  boiler  is  suspended  by  stout  iron  arms  to 
a  frame  above,  which  forms  a  part  of  the  general  frame,  and  is  supported  upon 
springs ;  the  fdmace  c  is  suspended  to  the  boiler  by  straps,  the  sides  of  which 
are  lined  by  a  series  of  horizontal  tubes,  in  connexion  with  the  boiler,  which 
serve  the  double  purpose  of  intercepting  lateral  radiation,  and  of  assisting  in 
the  feneration  of  vapour. 

Mr.  Neville,  of  Shad  Thames,  London,  took  out  a  patent  for  steam  locomotion 
in  1827,  the  chief  object  of  which  appears  from  the  specification  to  have  been 
to  prevent  the  wheels  of  a  locomotive  carriage  from  slipping  round.  To 
effect  this  he  proposed  the  application  of  points  and  plates  to  the  peripheries 
of  the  wheels.  But  as  these  contrivances  were  worse  than  useless,  and  the 
arrangements  of  the  steam  carriage  contained  nothing  worthy  of  particular 
remark,  we  abstain  from  all  detail. 

Amongst  the  singular  propositions  for  producing  a  locomotive  action,  waa 
that  invented  by  Mr.  T.  S.  Holland,  for  which  he  took  out  a  patent,  in  1827. 
The  invention  consbts  in  the  application  of  an  arrangement  of  levers,  similar 
to  that  commonly  known  by  the  name  of  lazy-tongt,  for  the  purpose  of  pro- 
pelling carriages.  The  objects  appear  to  be,  to  derive  from  the  reciprocating 
motion  of  a  short  lever  a  considerable  degree  of  speed,  and  to  obtain  an  abut- 
ment, against  which  the  propellers  should  act  horizontally'  in  the  direction  of 
the  motion  of  the  carriage,  instead  of  obliquely  to  that  motion,  as  is  the  caae 
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hnpdlsd  by  leTsn  itriking  tlie  eirtb.  The  drawings 
loation  Kcm  deiinied  ntfaer  Eo  en>Uiii  the  principle  than 
ptfentM  would  deem  an  eligible  fomi  of  ila  apptieatiot) : 
•nd  u  iDcti  all  ^ipbcatioa  i*  not  likely  io  be  erer  conitdered  eligible,  oa 
4eci>ailt  of  Ihe  ezoeniTe  wmste  ofpower&om  frictioii,  tre  muit  conCeat  oui^ 
•elvet  bj  rafeirinc  the  reader  who  may  require  more  iDformatian  on  tba 
■nbjMt,  to  the  inrolled  doeument 

Two  day*  after  the  before  meniiooed  grant,  Dr.HarUnd,  of  Scarbonmgh, 
receiTed  the  great  aeal  for  luppoaed  iinprovenienta,  which  we  doubt  not  prored 
ineffleadou;  weihall  therefore  gire  Init  abrief  ikelch  of  the  nature  of  them. 
On  a  phaeton-like  frame  at  the  back  of  the  carriage,  are  litualed  the  boiler 
(eompoaed  of  two  double  eylinden),  the  fire-grate,  ash-tiit,  chimney  iteam 
diamW,  water  reaertoir,  aiM  working  cylinder,  &c.  After  the  iteam  ha*  pased 
throagb  the  latter,  h  k  oondiKted  to  a  eeriei  of  tubf  b,  undemeaih,  and  in  front 
of  the  carriage,  lor  the  pnrpoae  of  condenBation  by  the  cooling  influence  of  the 
atmoipbere.  Hkafrnitlearaeaeof  inch  attempti,  which  haibeen  long  before  de- 
termined (owing  to  the  alow  flooduetiblity  or  the  air),  together  wiih  (he  drfeda 
of  eonitructioii,  rendeia  b  needleM  to  enter  into  deiaih. 

Mr.  Walter  Hancock,  in  the  reir 
IS37,  took  oat  a  pid^  tor  a  high 
preanire  boiler,  for  locomotlTe  pui^ 
poies.  In  the  annexed  engraring  ii 
repreaented  an  eleration  of  the  fint 
inodificfttioD  of  tbie  boiler,  with  a  part 
of  the  canng  remored  to  ihow  the 
interior  etnicture.  At  B  ii  the  fire- 
pUce;  D  the  stoke-hole ;  E  E  are  a 
•eriei  of  flat  parallel  chamber*  to  hold 
the  water,  made  of  the  tougheit  ilieet 
iroD,  and  placed  dde  by  aide,  at  a 
iuffieient  diitance  apart  for  the  flamei 
and  heated  air  to  pan  up  between 
them,  as  shown  at  H  H.  Each  of 
theae  flat  veneli  extends  acrou  the 
fiimace  chamber,  so  as  to  lill  its  whole 
area  in  a  rertJcal  plane  ;  and  they  are 
all  connected  at  the  bottom,  for  keep- 
ing the  water  in  each  at  a  uniform 
level;  and  at  the  fop  of  each  of  the 
chamben  there  is  a  ateam-pipe  that 
leads  into  another  larger  ateam-pipe, 
common  lo  them  all,  and  by  which  the 
engine*  are  lupplied.     To  keep  the 

individual  water  chambers  E  £  at  uniform  ilislanccs  apnri,  and  confrr,  at  the 
same  time,  adequate  atrength  lo  them,  a  series  of  vertical  bar*  or  fillets  ntt! 
filed  between  each  pair.  Therefore,  initesd  of  the  flames  awending  between 
each  pair  of  plates  in  one  unbroken  sheet,  it  is  subdivided,  and  made  lo  paii 
through  a  number  of  rectangular  channels,  representing  in  their  outline  lo  many 
aquare  tube).  This  combinaLion  of  water  chambeti  and  alternate  fliiea  is  bouiiil 
t<;^elber  by  a  syglem  of  very  massive  bolta  externally,  proved  to  be  capable  of 
sustaining  a  vastly  greaLer  pressure  than  the  boiler  is  ever  subjected  la  ;  and  it 
ia  unquestionably  a  great  merit  in  Ihia  bniler,  that  the  thinness  of  metal,  and 


s  of  the  individual   water  cliainbera,  conatilutes  e 


a  safety  valve.  An  increased  efiicieaey  was  afterwards  obtained  by 
"embossing"  the  plates;  by  preaaine  ihem  between  dies,  so  as  to  cause  a  series 
of  hemispherical  bosses,  of  nearly  the  shape  and  size  of  watch-glosHB,  lo  be 
pro]  ected^all  over  their  external  surfaces ;  so  that  when  the  chambers  are  brought 
together,  ibe  tops  of  theae  come  into  contact,  and  thus  a  leriea  of  spaces  are 
formed  between  ihem,  through  which  Ihe  heated  gases  ascend  in  a  deviow 
courte,  impinging  successively  upon  each  bois  in  their  passage. 
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Mr.  Hancock  being  fntisli«d  thst  he  had  nbtainad  in  thi*  bmlcr  Ihe  rvqokilc 
meuia  <>r  gciiprBting  adequate  power,  turned  hii  Httention  bi  the  nuioua  ir- 
roneemeiiU  ot  the  catriage  and  propolling  Tnachiner;.  Hit  fint  ouiiagtt  *■> 
conilraried  upon  three  whepH,  and  the  power  wu  applied  tbroup>b  the  rBMUnm 
□r  twu  vibraling  engines  Rxei  upon  the  crank  aileaf  the  Ture  wheel.  PitMlaig 
IhU  mode  of  applying  the  power  direct  to  the  crank  Bule  practically  ineltgilita^ 
Mr.  Hancock  neit  placed  the  engine  quite  behind  ;  new  difficnltie*  oceunwd  w 
Ihii  arrangement,  and  a  third  cirriHee  wut  Iniill,  and  called  in  relerence  to  the 
iiirsiicv  nf  the  undi^rlaliing,  the  "  Infant." 


:il'i  Steau   CAnaiioe 


At  a  is  the  fire-place,  b  ilie  B«h-p3l,  and  g  n  blower.  The  lire  pUce  and 
Bih-pit  are  made  cloie,  that  it,  admitting  only  of  a  current  iipwsnls.  The  btv 
man,  who  aits  on  a  small  leai  hehiiid  the  boiler,  viewi  the  itate  of  ilie  Am 
through  ej-ehalea,  and  supplies  coke  through  a  feeding  hopper  at  q.  8l«uii  b 
supplied  to  the  engines  d,  of  wliioli  thpru  ore  two,  through  a  pipe  r.  r^uUted 
b}f  a  valve  at  t.  At '  is  the  parallel  motion,  converted  into  rotary  by  iht  ooa- 
necting  rod  p,  actuating  a  crank  e  in  the  axis  of  a  pair  of  chain  wheela.  There 
are  two  other  chain  wheels  on  the  axisof  the  running  wheels;  and  two  endiess 
chains  communicale  the  force  and  motiao  to  the  latter.  The  engines  are  fixed 
■ecinely  upon  springs,  also  the  cratiki  and  pnmps.  Sevcra.1  sQbardinala  con- 
trivances we  have  not  room  to  describe.  Tiiis  oarriape  was  the  fint  that  nui 
on  a  common  mad  for  hire,  which  it  did  for  several  weeks  together,  betweon 
Hiralf  ird  and  London.  Mr.  Hancock  built  several  carriages  subsequently  to 
the  Infant,  which  were  at  diSereni  periods  on  the  public  roads  for  hire,  for 
months   together.     But   (bey  did   not   meet   with   that  patronage   that   wu 

The  next  locomotionist  who  received  the  great  leal,  was  Mr.  Nathan  Gongh. 
of  Solford,  lome  of  whose  arrangements  posseBs  originality,  and  are  not  deeti- 
rule  of  merit.  The  form  of  the  vehicle  for  the  reception  of  the  patsengers  u 
(imUar  to  that  of  an  ordinary  stage  coach,  having  a  great  boot  behind,  and 
another  in  froiit.  for  containing  llie  principal  parii  of  the  propelling  macbineiy. 
Under  the  luck  seat  of  the  carriage,  extending  its  entire  length,  and  abotil  a 
fool  more  in  depth,  is  an  iron  case,  which  enclons  four  vibrating  enginei  on 
trunnions,  working  as  many  throws  of  a  crank,  ndialing  from  their  cammon 
axis  at  unifnnn  angles  of  90°  with  respect  to  each  other.  This  cranked  axia  u 
lengthened  out  beyond  the  range  of  the  engines  about  one  foot  on  each  aide, 
whereon  ore  placed  two  pitch  ch&in  wheels;  around  these  pam  tao  endleii 
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jntehed  ohaini,  which  alio  go  nmnd  two  simflar  chain  wheels,  fixed  to  the  run- 
ning wheels  of  the  carriage.  The  chain  wheels  are  made  so  as  to  run  loose 
upon  the  cranked  shaft,  and  are  fixahle  thereto  at  pleasure,  hj  means  of 
coupling  hoses,  placed  under  the  control  of  the  guide  or  steersman,  so  that  he 
may  slide  them  mto  or  out  of  gear  according  to  circumstances,  by  simple  pres- 
sure with  his  feet  upon  two  "  foot  levers,'*  one  for  each  foot,  so  that  by  pressing 
on  the  right,  the  chain  wheels  are  locked  to  the  axis,  and,  by  pressure  on  the 
left,  the  wheels  are  unlocked  by  sliding  back  upon  the  axis,  when  they  run 
loose ;  that  is,  the  rotation  of  the  axis  by  the  force  of  the  engines  does  not 
impart  motion  to  it.  By  another  movement  the  chain  wheels  are  brought  into 
action,  with  contiguous  gear  for  producing  a  slow  motion,  as  in  ascending  a 
hfll;  but  when  the  work  becomes  lighter,  the  steersman,  by  his  foot,  shifts  back 
the  chain  wheels  to  the  quick  moUon,  or  he  may  entirely  disengage  the  con* 
necting  parts,  and  thereby  stop  the  progress  of  the  carriage. 

The  front  wheels  of  the  carnage  have  separate  independent  axles,  which  turn 
horizontally  upon  a  perpendicular  column  affixed  to  the  fore  framing.  To  guide 
the  carriage,  the  steersman  sitting  in  front  turns  a  vertical  spindle,  the  lower 
extremity  of  which  carries  two  arms,  that,  by  connecting  rods  attached  to  the 
separate  frames  of  the  two  fore  wheels,  places  them  in  the  oblique  direction 
required  according  to  the  curve  of  the  road.  Each  of  the  fore  wheels  being 
thus  made  to  turn  on  its  own  centre,  renders  the  action  of  guiding  exceedingly 
easy. 

The  boiler  is  situated  quite  at  the  back  of  the  carriage,  and  it  is  judiciously 
formed  of  a  large  cylinder,  with  a  series  of  small  tubes  passing  through  it  for 
the  furnace  fluea.  The  lower  part  of  the  boiler  is  divided  by  perpendicular  par- 
titions, to  prevent  the  water  from  leaving  it  uncovered  during  the  ascent  or 
descent  of  hills  or  inclined  planes,  or  from  the  effects  of  other  disturbing  causes. 
To  regulate  the  admission  of  the  steam  to  the  cylinders,  and  its  exit  therefrom, 
a  species  of  three-way  cock  is  employed;  this  is  placed  under  the  control  of  the 
guide,  so  that  he  may  diminish  or  increase  the  quantity,  and  by  a  further  turn, 
should  it  be  desired  to  stop  the  carriage  suddenly,  allow  the  steam  to  blow  off. 
The  steam  from  the  last-mentioned  cock  next  passes  through  a  "  distributing 
cock,"  and  then  enters  each  cylinder  through  passages  on  its  trunnions,  regu- 
lated by  a  cock  fixed  on  each,  which  admits  the  vapour  alternately  on  each  side 
of  the  pistons,  as  the  cylinders  vibrate  on  their  centres.  The  steam  which  is 
forced  out  of  the  workmg  cylinders  by  the  back  stroke  of  the  pistons,  is  con- 
ducted through  a  pipe  into  a  chamber,  which  the  patentee  calls  the  heating 
chest;  wherein  is  also  received  the  steam  that  blows  off  from  the  safety  valve. 
There  is  a  vessel  connected  with  the  boiler,  containing  a  float,  by  means  of 
which  the  amount  of  water  forced  into  the  boiler  is  regulated.  This  pump  is 
worked  by  a  lever,  acted  upon  by  a  cam,  that  revolves  upon  the  crank  shaft. 
The  water  for  the  supply  of  the  boiler  is  forced  by  the  pump  through  a  long 
winding  tube  in  the  heating  chest,  by  which  the  temperature  of  the  fluid  becomes 
considerably  heated  before  it  enters  the  boiler.  There  is  also  a  float  in  the  boiler 
connected  with  the  water  way  of  the  pump,  which,  as  the  water  rises  in  the 
boiler,  closes  the  supply,  valve,  so  that  if  the  pump  continues  in  action,  no  more 
water  can  be  injected,  but  it  will  be  returned  through  the  cold  water  pipe. 
There  are  two  water  tanks,  one  on  each  side  of  the  carriage,  next  to  the  hind 
or  propelling  wheels,  and  between  these  tanks  is  the  coal-hole. 

In  the  year  1830,  Messrs.  Summers  and  Ogle  obtained  a  patent  for  a 
steam  carriage.  The  principal  feature  in  it  was  the  steam  generating 
apparatus,  which  is  already  described  in  the  article  BoiLEa.  The  arrange- 
ment for  communicating  the  force  of  the  steam  to  the  carriage  wheels,  consisted 
in  forming  the  axis  of  the  latter  into  a  three-throw  crank ;  each  throw  being 
equidistant,  or  at  120o  apart  from  each  other,  for  converting  the  rectilineal 
motion  into  rotary  with  the  greatest  uniformity  of  force ;  which  motion  was 
derived  firom  three  cylinders,  vibrating  on  trunnions.  Very  flattering  reports 
of  the  operation  of  this  carriage  were  published,  and  others  of  a  contrary 
character,  but  private  interest  probably  influenced  both  sides  of  the  question. 

In  the  same  year  as  the  last  mentioned  invention,  Messrs.   Boase  and  Rawe 
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b,  gave  motion  to  the  cranked  axlea  of  the  tunning  wherla 
d  of  the  carriage  The  boiler  t  wai  bolted  to  a  itrong  framing,  and  waa  con- 
tained in  B  double  nte,  the  apace  between  being  packed  with  non-con- 
ducling  lubitancei.  The  boiler  coniiited  of  12  tubei  of  (mall  diaoieteT,  each 
bant  into  a  apiral  curve  of  ihcee  conTolutioni,  of  the  lame  pteh  wd  height, 
but  of  uniformly  rarying  diametera ;  to  that  vhen  each  lucceHlve  ipiral  «aa 
placed  (ide  by  iide  (the  imaller  iniide  the  next  larger  in  diameter)  Ibej  formed 
Inr  their  concentric  junction  a  continuoiu  ipiral  iheet  of  tubea ;  with  a  Meam 
enainber  in  the  centre.  Underneath  the  wliole  wai  the  furnace  of  the  entire 
area  of  the  boiler,  that  it,  about  4  feet  6  inchei  in  diameter. 

Meam.  W.  O.  and  R.  Healon,  of  Birmingham,  built  several  aleam  curiaM, 
under  a  patent-right  dated  1830  ;  but  their  mechaniam  wsi  too  complicated  to 
be  underatood  without  the  aid  of  drawing!,  which  our  apace  will  not  admit : 
and  aa  the  patenteea  bad  the  remarkable  candour  (0  acknowledge  publicly  the 
failure  of  their  acheme,  a  very  brief  notice  is  all  ihat  we  are  called  up<Ni  to 
give :  and  for  thia  fiirtber  reaaon ;  becauae  the  Measn.  Ileaton  did  not  pretend 
to  have  indented  any  of  tbe  separate  «r  diatinct  parta  of  their  machine,  but 
merely  the  general  combination  of  the  entire  stroclure,  which  ia  a  claim  of 
acarcely  any  value  to  the  moat  successful  inventor;  the  identical  combination 
being  ao  eaaily  destroyed.  Their  boiler  was  of  tbe  tubular  kind,  widi  a 
cylindrical  arrangement,  like  Jamea'a  ;  (heir  ateering  apparatua  wai  also  like  that 
of  the  same  person ;  their  engines  alter  tome  other  locomotion ist,  and  lo  on 
throughout  moat  of  tbe  parts.  In  the  annexed  condenied  extract  from  the  ape- 
ciGcation,  descriptive  of  their  mode  of  applying  the  steam  power  to  Iha 
vehicle,  [hey  have  availed  themselves  of  the  plant  of  the  renowned  progenitor 
of  ateam  coaches,  Trevithick. 

Motion  ii  communicated  to  the  diiving  wheeli  by  a  double  tet  of  aptu 
wheel  gear,  arranged  to  give  diSerent  powen  or  velocitiea,  by  having  both  a 
large  and  a  small  wheel  fixed  on  the  driving  as  well  aa  tbe  driven  axis.  Bjr 
thiRin^  the  large  wheel  on  the  driving  axu  into  gear  with  the  amal!  wheel  on 
the  driven  axit,  speed  ii  obtained;  and  by  ahifling  their  relative  poailion  lill  the 
■mall  wheel  on  the  driving  aiia  cornea  into  gear  with  the  large  wheel  on  the 
driven  aiia,  power  it  obtained  at  iha  expenae  of  apeed.  These  two  axea  are 
kept  at  tbe  tame  diatance  from  each  other  by  meana  of  connecting  rodi. 
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notaitbtUnding  the  ral«ti*a  potition  may  be  chaiiged  by  the  motion  of  the 
caTTiage  on  rough  roadi. 
Meun. 'Napier  deieribe  their  iinpro*ementi  in  itMin  caTnagei  Eo  contist : — 
Pint,  in  communicating  Qie  poirer  of  tbe  cnginet  for  propelling  tbe  carriags 
to  the  vheell,  by  meani  of  a  belt,  strap,  or  band,  which  works  upon  two  pulleyii 
thr  one  fixed  upon  a  ahid  connected  with  tbe  engine  or  engines,  the  other  fixed 
upon,  or  connected  nitb,  tbe  axle  or  wheeli  of  the  carriage.  Thii  will  be 
belter  undeniood  b;  reference  to  the  annexed  cut  a  \%  s  horizontal  iteam 
boiler,  with  an  hemispherical  end  ;  at  b  are  the  two  cjhnden  of  tbe  eneine* 
working  horizontally,  and  fastened  upon  the  bmlers;  c  c  is  the  framing  of 
engines,  which  is  also  fastened  to  the  boilen  and  engine  cylinders ;  if  connecting 
rod  of  engine;  e  the  crank  shaft  of  engines,  upon  vhich  is  fixed  the  pulley  or 
drum/,  from  which  pulley  the  strap  g  communicates  the  power  of  the  engine 
lo  the  pulley  or  drum  h,  whieh  in  titepresent  cMe  is  fixed  on  tbe  middle  of  the 
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wheel  axle,  i;  kk  the  hind  wheel*  of  carriage  ;  /  fore  wheel  of  earriage,  which 
turns  on  a  circular  plate  for  the  purpose  of  guiding  tbe  carriage  on  tbe  common 
roads.  Tbe  boilcn  and  engines  hemg_  firmly  fastened  together,  thus  fbrm  one 
entire  piece,  which  is  suspended  by  springs  n  n  «,  from  a  frame  work  o  o.  resting 
upon  the  wheel  axles  of  the  catriage,  and  having  no  connexion  with  the  said 
carriage  or  frame-work,  but  by  beUs,  straps,  or  bands,  which  are  designed  to 
free  it  from  jolls  and  concussions. 

A  patent,  for  a  variety  of  improvements  in  locomotion,  was  granted  to  Mr. 
W.  El.  Palmer  in  1831  ;  hut  the  specification  is  so  extensive  and  elaborate,  tlmt 
we  can  do  no  more  than  state  his  claims  (o  invention,  and  refer  the  reader  to 
tbe  Inrolment  Offices  for  the  details.     These  are  as  follow  ;— 

First,  The  self- regulating  blast  apparatus,  by  which  the  quantity  of  diel  lo  be 
ignited  in  a  given  time  is  governed,  in  order  to  insure  the  generation  of  a  volume 
of  steam,  suited  precisely  to  all  the  variable  speeds  and  power*  of  the  engine. 

Secondly,  The  ateam  calorific  self-adjusting  apparatus,  which  acts  In  conjunc- 
tion with  the  blast  regulator,  and  is  so  contrived  as  to  lift  the  weight  from  the 
lever  of  tbe  safety  valve,  and  permit  the  steam  to  escape  from  the  boiler  should 
the  aforesaid  apparatus  fail  of  instantly  checking  its  evolution. 

Thirdly,  Tiu-  self-acting  safely  apparatus,  by  which  the  iecurity  of  the  boiler 
ia  insured,  should  the  apparatus  for  supplying  it  with  water  fail  in  it*  effect,  so 
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that  in  the  event  of  the  water  in  the  boiler  being  reduced  below  a  determined 
level,  the  process  of  combustion  will  be  instantly  suspended,  and  the  boiler  pit>- 
tected  from  injury. 

Fourthly,  Making  the  products  of  combustion  evolved  from  the  furnace 
escape  into  the  atmosphere  below  the  level  of  the  furnace  bars,  which  will  roost 
effectually  prevent  the  admission  of  atmo^tpheric  air  into  the  furnace,  excepting 
that  portion  which  the  blast  and  calorific  regulating  apparatus  permits  the 
blowers  to  project  upon  the  fuel  undergoing  combustion. 

Fifthly,  The  pipes  leading  from  the  opposite  ends  of  the  horixontal  part  of 
the  boiler  are  designed  to  convey  the  water  (which  must  be  distilled)  most 
remote  from  the  direct  action  of  the  furnace,  to  replace  that  portion  which  may 
be  carried  to  the  upper  part  of  the  boiler  by  the  great  volume  of  ateam  gene- 
rated between  the  two  concentric  cylinders. 

Sixthly,  To  insure  a  length  of  stroke  in  high  pressure  engines,  and  that 
without  increasing  the  diameter  of  the  piston  rods  beyond  that  which  ii  required 
to  withstand  the  alternate  tug  and  thrust ;  and  without  resorting  to  the  rerv 
objectionable  short  stroke  and  piston  rod  of  so  large  a  diameter. 

Seventhly,  The  slide  valves,  with  their  various  modifications,  requiring  neither 
casings  nor  stuffing-boxes,  the  patentee  claims  as  perfectly  novel ;  the  action  of 
these  being  seen,  admit  of  matnematical  adjustment,  and  enables  the  engineer 
instantly  to  reverse  or  stop  the  engine  at  pleasure. 

Cighthly,  For  a  modification  of  the  crank  and  beam  intended  to  supersede 
the  use  of  a  beam  of  the  usual  weight  and  dimensions,  parallel  motion,  cross 
heads,  and  costly  fittings  and  bearings  connected  therewith.  This  mode  of  con- 
verting the  reciprocating  into  the  rotative  motion,  the  patentee  says,  **  accom- 
plishes the  grand  desideratum  of  making  one  cylinder  produce  a  more  regular 
and  equalized  motion  than  can  be  accomplished  by  two  cylinders  when  used  to 
give  motion  to  locomotive  engines  or  paddle  wheels.*' 

Ninthly,  The  condensation  by  which  highly  elastic  steam  of  any  temperature 
may  be  converted  into  water,  without  the  application  of  injection,  or  by  the 
extension  of  surface  by  making  the  cubic  contents  of  the  condensing  chamber 
equal  to  the  number  of  cubic  inches  of  steam  discharged. 

We  have  now  to  notice  the  labours  of  Mr.  Joseph  Gibbs,  late  of  the  Kent  Road 
and  Mr.  Auffustus  Applcgath,  of  Crayford  in  Kent,  who  had  a  joint  patent, 
dated  29th  March,  1833,  for  '*  certain  improvements  in  steam-carriages."  To 
give  an  intelligible  description  of  the  many  contrivances  contained  in  their 
elaborate  specification,  our  space  is  inadequate  ;  we  must  therefore  be  content 
with  giving  an  idea  of  the  nature  of  the  subjects,  and  refer  the  inquiring  reader 
to  the  enrolled  parchments. 

The  first  described  improvement  relates  to  the  general  arrangement  of  a 
steam-curriage.  The  boiler  is  of  a  novel  description,  and  consists  of  a  series 
of  double  cones  arranged  one  over  the  other,  the  external  angles  or  spaces 
between  which  are  receptacles  for  water,  which  is  circumscribed  externally  by 
a  cylindrical  casing.  The  fire  is  in  the  centre  of  the  series  of  cones,  and  operates 
upon  their  extensive  surfaces ;  and  the  flue  is  so  arranged  as  to  repeat  the  heat- 
ing operation  by  a  descending  current.  There  is  also  a  curious  combination  of 
shafts,  wheels,  couplers  and  springs  for  varying  the  speed,  &c. 

The  locomotive  carriage,  contrived  by  Dr.  W.  H.  Church,  being  patented  in 
1832,  next  comes  under  our  observation.     The  principal  novelties  claimed  by 
him,  consist ;  first,  in  making  the  frame  of  the  carnage  of  a  combination  of 
wood  of  small  scantling  combined  with  angle  iron,  to  give  it  the  requisite  strength. 
A  framework  of  this  kind,  well  trussed  and  braced,  incloses  a  space  between  a 
hind  and  fore-body  of  the  carriage,  and  of  the  same  height  as  the  latter,  and  is 
to  contain  the  engines,  boiler,  &c.     The  boiler  consists  of  a  series  of  vertical 
tube?,  into  each  of  which  is  introduced  a  pipe  that  passes  through,  and  is 
secured  at  the  bottom  of  the  boiler  tube.     The  interior  pipes  constitute  the 
flues,  each  of  which,  after  passing  through  the  boiler  tube,  is  bent  syphon -wise, 
and  passed  down  till  it  reaches  as  low  or  lower  than  the  bottom  of  the  fire-place, 
whence  it  passes  off  into  a  general  flue  in  communication  with  an  exhausting 
apparatus.    Some  other  complications  of  tubes  form  a  part  of  the  arrangement. 
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crank  sliaft.  The  wheels  of  (he  carria<,^e  nre  cooatnicled  with  the  view  of 
rendering  ihem  to  a  certain  degree  eloitic,  in  (wo  diflerent  wajs :  tint,  (he 
felloei  are  mode  oFteveral  lucceuive  layers  of  broad  wooden  hoopi.  and  theae 
are  covered  with  a  thin  iron  tire,  having  lateral  rtraps  to  bind  tbe  hoopi 
together;  second,  these  binding-itrapi  are  connected  by  hinge jointi,  to  a  kind 
of  Snl  steel  iprings,  iomewbat  curved,  wliich  form  the  ipokes  of  the  whceli. 
These  spring  spokes  are  intended  to  obviate  the  neceuity,  in  a  great  meaiure, 
of  the  ordinary  spring*,  and  the  elasticity  of  the  periphery  i>  designed  t)ial  the 

E'eldjng  of  the  circle  shall  prevent  the  wheel  from  turning  without  propeiliDf; ! 
r.  Church,  bowerer,  proposes,  in  addition  (o  spring  feltoca,  spring  spokes,  and 
the  ordinary  springs,  to  empkiy  air  springs,  and  for  that  purpose  piovides  two 
or  more  cyfinden,  made  fast  to  the  body  of  the  carriage,  in  a  vertical  position, 
elated  at  top,  and  furnisbed  with  a  piston,  with  packing  similar  to  (he  cap-leatlier 
packing  of  (be  hydraulic  press :  this  piston  is  kept  covered  with  oil,  to  preserve 
It  in  good  order,  and  a  piston-tod  connects  it  with  tbe  supporting  frame 
of  the  carriage.  Motion  is  communicated  by  two  oscillating  sieani  cylinders, 
which  are  suipendcd  on  (he  ends  of  the  eduction  and  induction  pipes  aver 
the  crank  *haft.  The  crank  shaft  and  driving-wheel  axle  are  connected  together 
by  means  of  chains  [latsing  about  pitched  pulleys ;  and  there  are  two  pairs  of 
these  pulleys,  ofdilfrrent  sizes  with  respect  '.a  each  other,  by  which  the  power 
may  be  varied,  by  shilliug  the  motion  from  one  pair  to  the  otber,  by  means  of 
clulcb  boxes. 

in  October,  1832,  Mr.  Rcdmund, of  (beCity  Road,  patented aboiler,  especially 
designed  for  Ijcomolive  usen.  It  consists  of  a  series  of  parallel  vertical 
chambers  with  corrugated  sides,  for  the  purpose  of  extending  the  heating 
surface,  and  accelerating  the  production  of  steam  in  a  camprict  apparatus.  The 
principal  dilference  between  it  and  Mr.  Hancock's,  is  in  the  circumstance  of  the 
corrugation.  Mr.  Itedmund,  shortly  after  (be  grant  of  his  patent,  constnicted  a 
steam  carriage,  wliich  is  represented  in  the  subjoined  cut.    The  vrlicets  are 


entirely  metallic;  (he  spokes  are  cast  hollow  or  tubular,  and  of  an  ornamental 
dejigii.  The  arrangement  and  pojition  of  the  chief  port  of  the  propelling 
mechanism  ii  the  same  aa  Hancock's.  The  guiding  is  effected  bv  reins  in  a 
similar  manner  lo  (hose  ofborses,  each  reiti  operating  separately  through  the 
medium  of  levers  in  turning  the  fore  wheels  of  the  carriage  to  the  tight  or  left; 
and  to  facilitate  this  motion,  each  wheel  revoivs  on  a  dis(incl  oxie  supported  in 
a  ftnmo  that  turns  horizontally  upon  a  pivot,  after  the  manner  of  Ackerman's 
pKtentonSle. 

A  (ubniar  boiler  for  locomotive  purposes,  was  patented  jniiitly  by  Mr.  John 
Squire  anl  Colonel  Maceroni,  on  the  18ih  July,  1833.  I(  coii^-a  of  nine  row* 
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of  upright  cy1indrie«l  tubes,  each  row  containins  nine  tube*.  Id  the  middle  of 
thete  tbe  fire-plice  ia  litualed  ;  and  lo  obtain  ine  requiaile  space  for  it  and  tbe 
fuel  under  combuaLion,  a  pnttion  of  ifae  interior  rangei  of  tubea  are  propor- 
tioDably  ibortened,  ai  well  bi  Lhree  of  the  front  tubes,  lo  form  a  fire-door.  AD 
the  vertical  tuhea  are  connected  b;  means  of  small  horiiontal  tubei  at  the  lop 
and  at  the  botloiu  ;  the  upper  being  a  steam  commuaication,  and  the  lower  a 
water  comtiiunieation  ;  but  aa  they  are  all  open  to  each  other,  and  the  appti- 
catioD  of  the  heat  cannot  be  precisely  uniform  in  every  part,  a  circulatiaD  of 
the  fluid  neceuarily  eniuei.  The  lire-bars  are  formed  of  hollow  tubes,  filled 
with  valer,  and  cominunicaling  with  the  Tertical  tubes.  The  ileam  ia  conducted 
from  the  latter  tubea  by  meana  of  amall  pipes  entering  the  olberwiae  close  tops 
of  each,  into  a  ceoirsl  recipient,  from  wbicli  tbe  engine  is  su[^lied.    Tbe  engiuea 


are  placed  horiuntally  undtmeath  the  carriage  body;  the  boiler  is  at  tbebtck, 
and  a  blast  ia  employed  to  excite  the  combuation  of  the  fuel,  the  lupply  of 
which  is  regulated  by  an  engine  man,  who  ho*  a  aeat  at  the  back  for  otlending 
to  it.  The  passengeri  are  placed  in  the  open  carriage  body,  and  their  seats 
are  formed  upon  the  tops  of  the  water  tanks.  There  are  two  working  cylinders 
7i  inches  diameter,  and  15}  inches  length  of  stroke.  The  sleam-waya  are  2^ 
and  2|  incliea  diameter. 

The  last  experimental iat  in  the  department  of  common  road  locomotion 
whose  labours  we  aholl  notice,  ia  Mr.  F.  Hilii,  of  Deplford.  Mr.  Hills  devoted 
much  time  and  went  to  great  eipenae  in  bis  endeavours  to  conili-uct  a  compact 
and  efficient  boiler,  and  to  bring  the  weight  and  dimensions  of  (bt  machinery 
within  moderate  and  practical  limits ;  and  at  length  so  fully  maaleied  tbe 
practical  difficulties  of  his  task,  that  a  company  was  formed  for  building  and 
running  carriages  conatrucied  according  to  his  plan,  and  an  act  of  incorporation 
WHS  applied  for  ;  but  failing  lo  obtain  the  clause  for  limiting  the  responsibility 
of  the  shareholders  to  the  proportion  of  their  shares,  and  tbe  railway  mania 
bej^inning  to  manifeat  itaelf  at  the  same  time,  the  company  waa  dissolved,  and 
Mr.  Hills  retired  from  the  field.  In  the  courae  of  hia  experiments,  Mr.  Hills 
coastructed  several  carriages  with  uhich  he  performed  numerous  Journeys  on 
the  public  roada ;  selecting  those  which,  from  the  peculiar  diRicullies  tbey 
presented,  were  most  likely  to  point  out  every  variety  of  provision  that  required 
to  be  made,  or  ciicumslances  to  be  guarded  against.  The  Windsor,  Brighton, 
liiuiings,  and  aiinilar  roads  were  traveraed  by  him  with  uniform  cucceas;  and 
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amongst  other  performaiices,  we  may  state,  that  the  journey  to  Hastings  (64 
miles)  and  hack  was  performed  in  one  day,  each  journey  hemg  accomplished 
in  one  half  the  time  occu]»ed  hy  the  coaches.  One  of  the  improvements 
comprehended  in  the  last  of  Mr.  Hills'  patents,  from  its  originality,  extreme 
ingenuity,  and  the  perfect  manner  in  which  it  attaint  the  object  in  view,  calls 
for  particular  notice.  One  of  the  difficulties  attending  the  construction  of 
locomotive  carriages,  is  the  connexion  of  the  driving  wheels  with  the  machinery, 
80  as  to  obtain  the  full  adhesion  of  the  wheels,  and  at  the  same  time  to  allow 
fadtity  in  turning  sharp  curves.  Mr.  James,  as  we  have  already  noticed  in  one 
of  his  eaxiiest  attempte,  fixed  each  of  the  driving  wheels  upon  a  short  and 
separate  axle,  and  applied  two  steam  cylinders  (at  right  angles  to  each  other) 
to  drive  each  wheel,  hut  this  added  greatly  to  the  complexity  of  the  apparatus ; 
another  inventor  emplored  only  three  wheels  in  his  carriage,  and  applied  the 
power  to  a  single  wheel,  which  ran  in  advance  of  and  between  the  tracks  of 
the  other  two.  The  plan,  however,  most  commonly  resorted  to,  was  to  fix  one 
wheel  to  the  axle  ana  to  connect  the  other  to  the  ude  hy  a  sliding  clutch ;  hut 
tm  it  was  impossible  for  the  steersman  to  lock  and  nnlock  the  wheels  at  every 
sudden  turn  the  carriage  might  he  required  to  make,  and  great  friction  would 
halre  heen  created  by  the  skidding  of  the  wheels  had  both  been  fixed,  the 
practice  was  to  drive  generally  with  only  one  wheel  fixed,  and  to  lock  the  other 
in  ascending  hills,  where  the  whole  amount  of  adhesion  might  he  required.  By 
Mr.  Hills'  arrangement,  the  objections  to  which  all  previous  plans  were  liable 
are  completely  obviated ;  the  adhesion  of  both  wheels  is  constantly  exerted  to 
propel  the  carriage,  and  without  the  slightest  attention  on  the  part  of  the  driver, 
the  power  exerted  bv  the  engines  is  exactly  proportioned  to  the  space  each 
wheel  passes  througn  in  describing  the  sharpest  curves. 

The  engraving  represents  Mr.  Hills'  arrangement  for  conneetine  the  driving 
wheels  with  the  axle  and  the  engines,    a  a  are  the  driving  wheels,  which  are 


fixed  upon  two  tubes  or  boxes;  h  h  through  which  the  axle  or  driving  shaft  e 
passes,  as  shewn  by  the  dotted  lines,  the  tubes  heing  loose  upon  the  shaft ;  d  d 
are  two  bevelled  wheels  which  turn  upon  two  pins  e  e,  fixed  upon  the  centre  of 
<he  shaft,  and  which  work  into  two  smiiinr  wheels//,  fixr-d  upon  the  tubes  b  (, 
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the  foar  wlieels  bein^  all  geared  together ;  ^  ^  are  the  cranks  fixed  tipoii  the 
ends  of  the  shaft  at  right  angles  to  each  other,  and  to  which  the  coimecting 
rods  are  attached.  Upon  examining  the  figure  it  will  be  seen,  that  so  long  as 
the  wheels  continue  to  nm  in  a  straight  line,  the  tubes  6  6  do  not  revolTe  upon 
the  axle,  but  turn  round  with  it,  and  carry  round  the  wheels  as  if  they  were 
fixed  to  the  axle ;  but  upon  any  deviation  from  a  straight  line,  the  wheels,  at 
the  same  time  that  they  advance  with  the  axle,  revolve  more  or  less  (according 
to  the  sharpness  of  the  curve)  upon  the  axle  in  contrary  directions,  the  outer 
wheel  having  a  forward,  and  the  inner  wheel  having  a  backward  movement; 
so  that  the  actual  advance  of  the  outer  wheel  exceeds  that  of  the  inner  wheel, 
as  much  as  the  length  of  the  outside  curve  exceeds  that  of  the  inside  cunre, 
and  thus  no  skidding  takes  place. 

STEAM  ENGINE. — A.  machine  wrought  by  the  force  obtained  from  the 
expansion  and  contraction  of  the  steam  of  boiling  water,  and  employed  as  a 
first  moving  power  to  other  machines. 

Before  proceeding  to  describe  the  construction  and  arrangement  of  the  engine, 
it  will  be  proper  to  give  a  brief  exposition  of  the  principles  upon  which  the 
action  of  it  depends. 

The  mechanical  power  exerted  is  the  effect  of  the  physical  changes  produced 
in  water,  by  great  and  sudden  alterations  of  its  temperature.  By  an  addition 
of  heat,  it  is  changed  from  a  dense  incompressible  liquid,  into  an  invisible, 
highly  elastic  fluid,  the  bulk  of  which  exceeds,  by  many  hundred  times,  that  of 
the  water  of  which  it  is  formed.  This  change  of  state,  however,  is  not  per- 
manent ;  an  abstraction  of  the  heat  from  the  steam  reducing  it  again  to  water. 
These  changes,  either  separately  or  combined,  are  the  cause  of  motion  in  every 
modification  of  the  steam  engine. 

The  effects  of  heat  upon  water  are  of  two  kinds ;  it  first  raises  the  tempera- 
ture until  it  reaches  a  certain  point,  when  it  becomes  stationary ;  ana  the 
continued  action  of  heat  then  converts  the  water  into  steam  ;  the  temperature 
of  which  remains  the  same  as  that  of  the  water  from  which  it  is  formed.  But 
although  the  intensity  of  the  heat  of  steam,  as  indicated  by  the  thermometer,  is 
the  same  as  that  of  the  boiling  water ;  the  quantity  of  heat  in  a  given  weight  of 
steam,  exceeds  considerably  the  quantity  of  heat  in  the  same  weight  of  boiling 
water.  This  heat  is  that  which  is  necessary  to  maintain  the  water  in  the  state 
of  vapour ;  and  if  any  portion  of  it  be  withdrawn,  a  corresponding  portion  of 
steam  is  rendered  liquid.  From  the  heat  not  being  apparent  by  the  thermometer, 
it  is  termed  latent  heat.  The  quantity  of  latent  heat  combined  with  steam,  is 
variously  given  by  different  authors ;  the  best  experiments  appear  to  fix  it  at 
about  1000,  or  about  b\  times  the  heat  of  boiling  water;  it  being  found  that 
lib  of  water  converted  into  steam,  will  raise  5  Jibs  of  water  from  32o  to  212o 
Fahr.  From  various  experiments  it  likewise  appears,  that  the  latent  heat  is 
nearly  the  same,  whatever  be  its  temperature  as  indicated  by  the  thermometer. 

The  temperature  at  which  water  boils  or  is  converted  into  steam  depends 
upon  the  pressure  upon  the  surface  of  the  water.  Exposed  simply  to  the  com- 
mon pressure  of  the  atmosphere,  water  boils  at  212°  Fahr.;  but  upon  the  top 
of  lofty  mountains,  where  the  mercury  in  the  barometer  indicates  a  much  smaller 
pressure,  the  temperature  of  the  boiling  point  is  proportionately  lower;  and  oit 
the  other  hand,  if  water  be  confined  in  a  vessel  from  which  there  is  no  escape- 
for  the  steam  until  it  attains  a  certain  pressure,  the  temperature  of  the  boiling 
point  will  be  proportionately  raised. 

In  like  manner  the  pressure  of  the  steam  varies  with  and  is  proportional  to 
the  temperature  at  which  it  is  formed.  The  determination  of  the  elastic  force 
of  steam  of  different  degrees  of  temperature,  is  of  the  greatest  importance  to  the 
practical  engineer,  and  the  subject  has  consequently  undergone  much  investiga- 
tion. The  experiments  of  Watt,  Dalton,  Robins,  Southern,  Ure,  Arsberger, 
and  Philip  Taylor  have  all  been  of  great  service  in  determining  this  question. 

The  two  tables  given  for  greater  perspicuity  in  the  next  page — the  first  being 
the  result  of  a  series  of  experiments  made  by  Dr.  Dalton,  the  second  supplied 
by  the  Royal  Academy  of  France,  in  their  report  upon  the  comparative  degrees 
of  safety  between  high  and  low  pressure  engines — are  inserted  as  being  not  only 

essential 
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TABLE 

Of  the  Expamkke  Force  of  Sieam  when  eanttunedmaeioge  Veuelf  taken  at  every 
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essential  to  the  practical  engineer,  but  of  the  greatest  interest  to  the  scientific 
engineer.  They  differ  in  no  very  material  point  from  other  calculations  that 
have  been  made,  and  are  quite  near  enough  to  be  adopted  as  a  standard  for 
guidance  in  mechanical  operations. 

The  volume  of  steam  into  which  a  g^ven  quantity  of  water  expands,  depends 
upon  the  pressure  of  the  steam.  At  the  temperature  of  212o  ,  one  volume  of 
water  furnishes  nearly  1,800  volumes  of  steam,  of  a  pressure  equal  to  that  of  the 
atmospheric,  or  about  15lbs  on  the  square  inch.  With  an  increased  pressure 
its  bulic  is  diminished,  but  in  what  ratio  is  not  quite  settled.  From  the  experi- 
ments of  Mr.  Southern  and  also  those  of  MM.  Clements  and  Desorme,  all 
conducted  with  great  care,  the  same  law  appears  to  hold  good  with  respect  to 
steam,  as  with  other  aeriform  fluids,  that  the  density  is  directly  as  the  pressure, 
or  the  volume  inversely  as  the  pressure.  Thus,  if  at  the  pressure  of  the 
atmosphere  or  15lbs  per  square  inch  1  volume  of  water  will  furnish  1,800 
volumes  of  steam  ;  at  the  pressure  of  2  atmospheres  or  SOlbs,  it  will  give  900 
volumes ;  at4  atmospheres 450  volumes,  &c.  and  this  is  the  theory  most  generally 
adopted. 

The  motion  of  steam  engines  is  derived  from  the  following  causes,  namely : — 

Finti  From  the  direct  pressure  of  steam  upon  the  piston.  Second,  From  the 
condensation  of  steam  on  one  side  of  a  piston,  and  by  the  vacuum  thus  effected, 
obtaining  the  pressure  of  the  atmosphere  on  the  other  side.  Third,  From  the 
combined  action  of  the  pressure  of  steam  on  one  side  of  a  piston,  and  of  a 
vacuum  on  the  other  side  effected  by  condensation.  To  these  may  be  added  a 
fourth,  which,  for  want  of  a  more  appropriate  term,  has  been  called  the  **  reaction  " 
of  steam.     The  theory  of  the  action  in  each  case  we  will  now  briefly  explain. 

It  has  already  been  observed  that  water  when  converted  intosteam  is  increased 
in  its  bulk  about  1800  times,  at  atmospheric  pressure.  It  follows  that  a  cubic 
inch  of  water  will  furnish  a  cubic  foot  of  steam.  Let  us  suppose  a  cylinder 
whose  area  is  equal  to  one  square  foot,  to  contain  a  cubic  inch  of  water;  on  the 
surface  of  which  rests  a  steam  tight  piston,  but  which  is  free  to  move  without 
friction,  and  that  the  weight  of  the  piston  is  counterbalanced  by  a  weight  sus- 
pended from  a  line  running  over  a  pulley.  If  heat  be  now  applied  to  the 
bottom  of  the  cylinder,  and  the  water  be  thereby  converted  into  steam,  the 
piston  will  be  raised  one  foot  high  in  the  cylinder.  In  this  case,  however,  no 
mechanical  power  is  obtained,  as  the  steam  has  merely  overcome  the  pressure 
of  the  atmosphere.  But  let  us  suppose  that  in  addition  to  the  pressure  of  the 
atmosphere  upon  the  piston,  a  load  equal  to  15lbs  upon  each  square  inch  of  its  area, 
be  placed  upon  it ;  the  pressure  of  the  steam  will  in  this  case  be  doubled,  and  will 
consequently  raise  the  piston  six  inches  in  the  cylinder ;  and  the  mechanical 
effect  will  be,  144  times  151bsraised  through  the  space  of  6  inches.  If  the  load 
upon  the  piston  be  increased  to  SOlbs,  making  with  the  pressure  of  the  atmo- 
sphere 45tbs,  the  pressure  of  the  steam  will  be  trebled,  the  piston  will  be  raised 
4  inches  in  the  cylinder,  and  the  effect  will  be  144  X  15  through  the  space  of 
4  inches,  exceeding  the  former  effect  in  the  ratio  of  120  to  90  :  had  the  load 
been  increased  to  45lbs,  exclusive  of  the  atmosphere,  the  piston  would  have 
been  raised  through  3  inches,  and  the  effects  would  have  been  as  135  to  90. 

The  cause  of  this  increase  of  mechanical  effect,  by  an  increased  pressure  of 
steam,  is,  that  in  each  instance,  in  addition  to  the  mechanical  load  to  be  moved, 
there  is  the  pressure  of  the  atmosphere  to  be  overcome,  which  in  the  first  case 
amounted  to  one  half  the  whole  load,  but  in  the  last  case  to  only  one  fourth  of 
the  whole  load ;  the  greater  the  pressure  therefore  of  the  steam,  the  greater  the 
mechanical  effect,  or  rather  the  smaller  the  loss  of  effect  Hut  considerations 
of  safety,  and  other  circumstances,  prevent  this  principle  from  being  carried  to 
a  great  extent  in  practice. 

To  illustrate  the  principle  upon  which  the  condensation  of  steam  tends  to 
produce  a  mechanical  power ;  let  us  suppose  that  in  the  before  described  cylin- 
der, the  cubic  inch  of  water  has  formed  a  cubic  foot  of  steam,  the  pressure  of 
which  just  balances  the  pressure  of  the  atmosphere  upon  the  piston,  which  will 
then  be  raised  one  foot  nigh  in  the  cylinder;  if  by  any  meaas  the  steam  be 
suddenly  condensed  and  reduced  to  one  cubic  inch  of  water,  a  vacuum  will  be 
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formed  beneath  the  piston,  and  the  pre»ure  of  the  atmosphere  upon  its  surface, 
being  no  longer  bahmeed  by  that  of  the  steam  beneath,  will  carry  the  piston  to 
the  bottom  of  the  cylinder,  with  a  force  of  151bs  upon  each  square  inch  of  its 
sur&ce,  or  2,1601bs  in  the  whole.  And  if  a  weight  of  2,1601l»  be  supposed  to 
be  attached  to  the  line  to  which  the  counterbalance  is  hung,  it  will,  by  the 
descent  of  the  piston  in  the  cylinder,  be  raised  one  foot  high ;  the  mechanical 
effect  therefore  m  this  case  is  2,1601bs  raised  1  foot  high.  The  above  may  be 
taken  as  an  illustration  of  the  principle  of  the  atmospheric  engine,  as  it  is 
termed,  which  is  the  first  form  of  the  steam  engine,  in  which  the  force  of  the 
steam  was  transmitted  through  a  piston. 

As  respects  the  third  mentioned  cause  of  motion  in  steam  engines,  viz.  the 
force  produced  by  its  pressure,  combined  with  thatresulting  from  its  condensation ; 
— the  pressure  of  the  steam  is  substituted  for  the  pressure  of  the  atmosphere, 
to  impel  the  piston  into  the  vacuum  formed  within  the  cylinder  by  the  conden- 
sation of  the  steam.  In  this  case  the  reader  must  suppose  the  cylinder  before 
described  to  be  fitted  with  a  steam-tight  cover,  through  a  hole  in  which  a  rod 
attached  to  the  piston  works  steam-tight,  and  that  upon  this  rod  is  placed  the 
load  to  be  raisea.  If  a  vacuum  be  formed  above  the  piston,  and  the  cubic  inch 
of  water  below  the  piston  be  converted  into  steam,  the  piston  will  be  raised 
through  a  space  whicn  will  be  inversely  as  the  amount  of  tne  load ;  thus,  if  th^ 
load  be  equal  to  151bs  upon  the  square  inch,  it  will  be  raised  1  foot  hieh ;  if 
30lbs  per  square  inch,  it  will  be  raised  only  6  inches ;  and  so  on,  the  product  of 
the  weight,  multiplied  by  the  space  through  which  it  is  raised,  being  equal  in  all 
cases.  Theoretically  considered,  therefore,  the  mechanical  effect  of  a  given 
quantity  of  water,  converted  into  steam,  is  the  same  whatever  the  pressure  of 
the  steam  may  be ;  and  is  equal  to  that  produced  by  the  effect  of  the  pressure 
of  the  atmosphere  against  a  vacuum.  But  it  is  advantageous  on  many  accounts, 
in  practice,  both  to  substitute  the  pressure  of  the  steam  for  that  of  the  atmo- 
sphere to  impel  the  piston,  and  also  to  increase  its  elastic  force  beyond  that  of 
tne  atmosphere. 

With  respect  to  the  fourth  cause  of  motion  in  engines; — if  steam  be  made  to 
flow  from  a  centre  along  a  hollow  arm,  and  to  issue  in  a  jet,  near  the  extremity, 
in  a  direction  at  right  angles  to  such  arm,  it  will  impart  a  rotary  motion  to  the 
arm  in  an  opposite  direction  to  that  of  the  jet.  This  motion  is  attributed  by 
many  to  the  "  re-action"  of  the  steam  against  the  atmosphere,  which  is  supposed 
to  form  the  abutment  to  the  steam.  But  this  explanation  is  clearly  incorrect, 
since  engines  constructed  upon  this  principle  of  action  will  revolve  in  a  close 
casing  in  which  a  vacuum  it  maintained. 

Another,  and,  as  it  appears  to  us,  the  true  theory,  u  that  it  results  from  a  dif'^ 
ference  of  pressure  on  the  opposite  side  of  the  arms ;  which  may  be  iUustrated 
thus.  Let  a  a  in  the  diagram  be  supposed  to  represent  two  hollow  arms,  capable 

I* 
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of  motion  upon  a  hollow  axis  b,  through  which  steam  is  admitted  to  the  arms. 
If  these  arms  have  no  outlet,  the  pressure  of  the  steam  will  be  the  same  in 
every  part  of  their  surface ;  and  there  being  no  issue  of  steam,  no  motion  will 
take  place.  But  if  a  small  aperture  be  made  in  each  arm  at  c  c,  the  steam  will 
rush  out  through  them,  and  the  pressure  upon  that  side  of  the  arms  will  be 
removed ;  whilst  it  will  continue  to  be  exerted  upon  the  opposite  points  of  the 
arms  at  d  d,  and  the  arms  will  therefore  revolve  m  the  direction  of  the  arrows. 
Having  now  explained  the  theory  of  the  several  causes  of  motion  in  the  steam 
engine,  we  shall  proceed  to  show  the  practical  application  of  them,  by  the 
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6merip6aa  of  a  «net  of  difierent  eaginei,  that  are  actnitgi  by 
eaoMiof  motuNi;  ia  doing  which  we  shall  mtrodaee  them  In  Uie  order  of  fheir 
diM4ifcijr,  our  apaee  nol  admictiiig  of  a  htstoriesl  detafl  of  the  Hucfiie  itepi 
hy  which  the  iteaBi  engiae  became  the  poweriiil  and  dahonte  machiDe  wUch 
H  now  exhibiU. 

The  earliest  ooDtrivance  of  which  we  hare  any  account,  for  making  use  of 
the  force  of  steam,  is  of  unknown  date.  It  is  genendlr  called  Heio'a  engine, 
and  diongh  posterity  is  really  not  indebted  to  him  for  me  tnTention,  h  is  still 
more  belKilden  to  him  for  the  bequest  of  his  description,  than  if  he  had  been 
dbe  inrentor  and  omitted  to  describe  it. 

Hera,  tke  elder,  was  the  son  of  a  Greek,  settled  at  Alexandria,  who  flourished 
about  130  years  before  the  Christian  era.  In  his  woik  entitled  Spinlmlm,  he 
describes,  among  other  ingenious  machines,  three  modes  in  which  steam  might 
be  employed  as  a  mechanical  power ;  to  nam  water  by  its  elastici^,  to  elenae 
a  weight  by  its  expansire  force,  and  to  produce  a  rotary  motioo  by  ita  remeimm 
OB  the  atmosphere.  Although  these  ooutrifances  only  took  the  abape  of  philo- 
aophie  toys,  we  have  in  them  the  undoubted  germs  of  the  rast  power  which  its 
present  modi6catioB  permits.  Hero  in  the  introduction  to  his  work  profeasts 
to  bava  made  himself  acquainted  with  the  works  of  his  predecessors  and  con- 
temporaries; ami,  unwilline  that  they  should  perish  or  be  orerlooked,  described 
them,  that  Uiey  might  be  better  and  more  generally  understood ;  no  that  it  b 
arobaUe  the  properties  of  expansion  and  eontnetioo  of  atemn  wete  known 
hmff  prior  to  the  tnne  in  which  he  flourished. 

The  foUowing  is  a  brief  description  of  the 
machine  described  by  Hero  lor  ptoducing  a 
rotary  motion;  the  leading  features  of  which 
hare  been  the  subject  of  sereral  patents, 
taken  out  by  uninfonned  persons ;  and  there 
are  several  machines  now  in  use  on  the  same 
principle. 

Hero's  engine  consisted  of  a  hoUow  globe, 
having  tubnuir  arms,  extending  from  it  ra- 
dially in  opposite  directions;  and  each  of 
these  tubes  had  a  small  opening  on  one  of  its 
sides  near  the  extremity.  The  globe  was 
suspended  upon  horiiontal  centres,  one  of 
which  was  hollow,  and  admitted  steam,  from 
a  caldron  situated  beneath,  with  a  fire  un- 
der, into  the  hollow  globe,  which  passing 
tfnrouffh  the  radiating  tubidar  arms,  issued 
kterally  againstthe  atmosphere,  and  produced 
a  rotary  motion,  in  the  same  manner  as  water 
produces  that  of  Barker's  mill. 

At  a  is  a  caldron  of  water  with  a  fire 
underneath  it     The  caldron  is  closed  at  the  top,  except  at  the  pipe  b,  which  u 
bent  horizontally  at  c,  and  forms  one  of  the  two  centres;  the  other  is  not  visible, 
as  it  is  behind  b  c;  d  w  the  hollow  globe,  e  e  the  hollow  arms,  bent  at  /  into 
right  angles,  for  the  emission  of  the  steam  in  that  direction. 

The  next  proposal  for  the  useful  application  of  steam  as  a  motive  power,  is 
to  be  found  m  a  work  by  Solomon  De  Caus,  an  eminent  French  mathematician 
and  engineer,  published  in  1615,  entitled,  "  Les  Raisons  des  Forces  mouvantes, 
avec  divers  Desseins  de  Fontaines."  Ilie  following  description  will  explain 
the  principle  of  his  invention,  a  is  a  spherical  vessel  placed  over  a  fire,  it  is 
fbmished  with  two  pipes  b  e.  The  pipe  e  is  open  at  the  top  and  reaches  down  to 
the  bottom  of  the  vessel  a:  the  pipe  b  is  furnished  with  a  cock  d  and  funnel  c: 
the  vessel  being  filled  with  water,  and  fire  applied,  steam  is  q>eedily  generated 
on  the  surface  of  the  water,  and  having  no  other  way  to  escape,  (the  cock  echoing 
shut,)  presses  on  the  surface  and  so  forces  the  water  up  the  tube  e  into 
the  air,  causing  a  jet,  which  varies  in  proportion  to  the  elasticity  of  the  steam 
within.    It  is  upon  the  strength  of  the  above  invention,  that  De  Caus  baa  by 
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many  been  n^aided  u  the  inventor  rf  the  it«uii  engim;  ■nd  lUbmigh  we 
(Mnnot  quite  concni  in  Ihii  opinion,  we  certainlj  r^ani  him  u  entiued  to 
gnat  credit;  for  althoogb  the  >mt%emiiit  waa  nodi  a*  could  not  bebenefietalljr 
applied  in  praetiee,  we  have  here  Iha 
■     ■  -      "■  of  the 


principlea  upon  which  Savery,  nearly 
>  centoiy  aflerwanU,  camtrueted  bw 
engine,  which  ii  the  fint  eSective  one 
on  record. 

In  1663  the  Bfarquia  of  Warceater 
publiahed  ■  imiB  Hut  entided, "  A  Cen- 
tnrr  of  the  Name*  and  ScanlBnei  of 
■odi  loventionaaBlM  hod  triad  and  pei^ 
lected."  In  th«  S8lh  artida  of  thi« 
Centnry  he  give*  an  inflated,  boaitAil 
accoont  of  his  *<firewata<'WOTk,"and  in 
ao  obacnre  and  contndietotT  a  mamnav 
that  every  commentator  and  writer  on 
the  atean)  engine,   who  bai  a 


the  prelanded  dcacriplHH),  hai  baan  com- 
pelled to  contrive  and  arrai^  what 
probably  never  entered  into  the  imagina- 
tion of  the  Marqnii.  Mevertheleu,  by 
many  writer*,  implicit  cre^t  aeenu  to 
be  given  to  bia  aaaertions,  and  be  U 
r^arded  la  the  inventor  of  the  (team 
engine  I 

A*  far  ••  theprntcipb  of  hii  apparmtw 
can  be  underitood  from  hii  account,  it 

appaaia  to  be  the  tame  aa  that  wfakdi  ,  ,„, 

Iwd  been  diuovered,  and  much  more  "^  O^^*'  ■Hoi'**  l^l^- 

clearly  deacribed,  by  De  Caui  fifty  yeara  before. 

Althou^  varioLU  expositiona  of  the  propertiea  of  tteam,  and  auggeitioni  for 
their  aj^UcatiaD  to  move  mBcbinery,  continued  to  be  mad*  from  time  to  time 
by  various  penous,  it  ii  to  Thomas  Savery  that  we  are  indebted  for  the  practical 
introduction  of  the  iteam  engine  ai  a  moving  power. 

The  following  figure  and  deacriptiMi,  nearly  m  3avery'i  own  word^  will  illua- 
tnte  the  nature  of  bU  engine. 

The  fint  thing  i«,  to  fix  the  eugine  in  a  good  double  fiimace,  to  contrived  that 
the  flame  of  your  fire  may  circulate  round  and  encompaa  your  boilers,  as  yoa  do 
coppers  for  brewing.  Before  you  make  any  fire,  UDKrew  U  and  N,  being  the 
ttro  wnalldaiycpifvi  and  cocks  beloDglng  to  the  two  boilers;  and  at  thaholea 
fill  L,  the  large  boiler,  two-thirds  full  of  water,  and  D,  the  small  boiler,  quit* 
fulL  Then  screw  on  the  said  pipes  again,  as  fast  and  as  tight  as  possible.  Then 
light  the  fire  at  b,  and  when  the  water  in  L  boiU,  open  the  cock  of  the  first  ves- 
sel P,  (sbowu  in  section,)  which  makes  all  the  steam  rising  from  the  water  in  L 
pass  with  irreiiBUbJe  force  through  O  into  P,  pushing  out  all  the  air  before  it 
through  the  dack  H;  and  when  all  is  gone  out,  the  bottom  of  the  vessel  P  will 
be  very  hot;  then  shut  the  cock  of  the  pipe  of  this  vessel,  and  open  the  cock  of 
the  other  vesae!  P,  until  that  vessel  baa  discharged  its  air  throngn  the  clack  R 
up  the  force-pipe  S.  In  the  meno  time,  a  stream  of  cold  water  [nipplicd  by  a 
pipe  connected  with  the  discharging  pipe,  but  not  shown  in  the  cut,j  has  been 
made  to  pass  over  the  outside  of  the  vessel  P,  mhiek,  by  eondenimg  Ihe  lUam 
mihm,  a  vacuum  or  emptiness  is  created ;  ao  that  the  water  from  the  well  miHt 
and  will  necessarily  riae  up  through  the  aucking-pipe,  (cut  off  below  M,)  lifting 
up  the  clack  M,  and  fiUing  the  vessel  P. 

The  first  vessel  P  being  thus  emptied  of  its  air,  open  the  cock  again,  and  the 
farce  of  steam  from  the  boiler  [wessei  upon  the  surface  of  the  water  with  an 
elsslic  quality  like  ojr,  still  increasing  in  elasticity  or  ipiing,  till  it  couuterpoiaea 
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the  oatiide  of  the  rewel  jou  may  *ee  hmr  the  saler  goet  oqI,  u 

fMMl  wen  tnnniutDt;  for  as  far  u  the  Mnm  coutmnei  vitliiil  the  t      ._ 

fsT  ■<  the  vcnel  dry  withmil,  and  to  very  hot  u  mrcelj  to  endure  the  least  Umcb 
of  the  hand.  Bat  w  Etr  aa  the  water  ii,  the  loiil  vessel  will  becold  and  net  vherc 
any  water  haibllea  on  it,  which  cold  and  mtnilare  raoisb  as  fail  asthpileasi,  in 
its  deaceni,  talcei  place  of  the  water;  but  if  you  force  all  the  water  out,  tbeamao, 
nr  a  imall  part  thereof,  goiag  through  P,  will  rattle  the  clack,  w  oa  to  ^ve 
(nllicient  notice  lo  change  the  cqeIu,  and  the  iteam  will  then  begin  to  forre  Vfoa 
the  other  venel,  without  the  least  alleritiiin  in  the  alreatii;  only  tomedtnc*  tlia 
■tream  of  water  will  be  ■omewbst  stronger  than  before,  if  yon  change  the  cocks 
liefure  any  coiinderahle  quantity  of  steam  be  gone  up  the  clock  R:  hot  'H  h 
belter  to  lei  none  of  the  steam  go  oS^  for  that  ia  losing  u  much  urenglfa,  aaj 
ii  easily  prevented  by  altering  the  cocki  some  Utile  time  before  the  TtaiiJ  ia 
emptied. 

The  wood-cut  reprccenti  two  mervoiis,  PP,  designed  for  ob^rnitliactiam;  Uw 
tube  E  cooreyt  water  ^m  the  diacharging  pipe,  to  replenisb  the  boiler  L,  when 
the  water  in  it  Is  almost  connimed;  and  this  is  done  hy  keeping  D  nip{ili«d 
with  water,  and  (lighting  the  fire  at  B)  generati^  a  lufficlency  of  ateam  to 
press  the  water  into  L,  through  the  jupe  fL  Tbii  wJl  convey  a  UdctaUy 
correct  Idea  of  Satery'l  engine,  and  the  mode  of  in  operation.  He  ^vc*  no 
proportioDS  of  it*  parts,  nor  perhaps  had  he  eslahlished  any  rule  of  action.  U« 
appears  lo  have  considered  the  strength  of  his  machine  to  be  the  only  limit  H 
be  observed;  "  for,"  says  he,  "  1  will  raise  you  water  500  or  1,000  feet  high, 
cnuld  you  End  us  a  way  to  procure  strength  enough  tor  such  an  immeoaa 
weight  as  •  tiillar  of  water  of  thai  height.  But  my  engine  at  CO,  70,  or  90  feel, 
raises  a  full  bore  of  water  with  much  ease." 

Such  was  tlie  machine  which  linl  solved  the  problem,  which  had  %a  h 
occupied  the  utienlian  of  many  ingenious  and  taletited  men,  of  employiq 
power  of  sleam  as  an  aunliary  to,  or  substitute  for,  the   other  tmat 
mechanical  power  liien  known.     In  simplicity  of  construction  and  of  d 
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and  in  its  perfect  freedom  from  friction,  the  machine  has  jnever  perhaps  been 
exceeded,  although  it  waasabsequently  superseded  by  Newoomen's  engine,  when 
it  was  required  as  a  machine  tb  raise  wHter  from. great  depths ;  yet  from  the 
fewness  of  its  parts,  and  from  its  little  liability  to  derangement,  it  was 
occasionally  employed,  until  a  yerv  recent  period,*m  cases  where  great  power 
was  not  required. 

Various  contrivance^  were  supplied  bv  different  persons,  by  which  it  was 
rendered  self-acting.  In  1819  Mr.  Pontifex  of  Shoe  Lane,  London,  obtained  a 
Patent  for  improvements  in  this  description,  and  erected  an  engine  upon  this 
principle  at  the  City  Gas  WoriLs,  which  we  shall  subsequently  notice. 

Although  Saveiy's  invention  proved  of*  considerable  utility,  yet  it  possessed 
certain  inherent  defects  which  ^greatlj^  limited  its  sphere  of  action.  The 
principal  of  these  defects  were,  first,  the  great  strain  to  which  the  boilers  and 
steam  vessels  were  snljected;'  for  the  force  of  the  steam  being  exerted  directly 
upon  the  surfJEice  of  the  water  to  be  raised,  the  pressure  of  the  steam  was  re- 
quired in  all  cases  to  exceed  that  of  the  ascending  column  of  water.  The 
second,  and  perhaps  even  greater,  defect  was  the  enormous  consumption  of  ftiel 
occasioned  by  the  steam  vessel  at  each  successive  diKharge,- being  alternately 
raised  to  the  temperature  of  the  steam,  and  cooled  down  to  the  temperature  of 
the  water. 

Scarcely  had  Savory's  engine  been  brought  sufficiently  into  operation  to  call 
attention  to  the  defects  'we  have,  noticed,  when  by  a  different  application  of 
one  of  the  principles,  a  machine  of  a  totally  different  character  was  produced 
by  which  the  first  of  these  defects  was  completely  obviated.  This  was  the 
atmospheric  eneine  invented  by  Thomas^ewcomenand  John  Cawley,  the  former  a 
blacksmith,  and  the  latter  a  glazier,  in  the  town  of  Dartmouth,  in  Devonshire. 

Instead  of  applying  the  pressure  of  the  steam  directly  upon  the  surface  of  the 
water,  they  employed  the  steam  to  produce  by  its  condensation  a  vacuum 
beneath  a  piston,  moving  in  a  cylinder  and  exposed  to  the  atmosphere,  and  the 
power  thus  acquired  they  applied  to  work  pumps  through  the  intervention  of 
a  beam.  By  this  arrangement,  the  pressure  of  the' steam  was  not  in  any  case 
required  to  exceed  that  of  the  atmosphere,  as  by  assigning  suitable  proportions 
to  the  steam  cylinder  and  the  pumps,  or  to  the  arms  of  the  beam,  they  could 
rabe  the  water  to  any  required  height. 

The  figure  on  the  following  page  (from  an  old  engraving),  will  perhaps  assist 
the  reader's  comprehension. 

a  represents  the  boiler;  b  the  safety-valve ;  c  the  cylinder,  open  at  the  top, 
but  closed  at  the  bottom,  in  which  there  are  three  holes,  d  ef;  e  the  passage 
for  steam  from  the  boiler;  d  admits  a  jet  of  cold  water  from  the  reservoir  g,  for 
the  condensation  of  the  steam;  /  the  exit  passage  for  condensed  steam  and 
water;  h  the  piston,  working  air-tight  in  the  cylinder,  by  packing;  t  the  beam 
or  loggerheadf  for  the  purpose  of  transmitting  the  motion,  of  the -piston  to  the 
pumps  in  the  mine. 

A  sufficient  quantity  of  steam  being  first  formed  in  the  boUer,  the  attendant 

Eushes  the  handle  or  lever  which  he  holds  down  to  y,  which,  by  the  wheels  and 
and,  opens  the  cock  Ar,  and  allows  the  steam  to  enter  the  cylinder.  The  steam 
beine  only  sufficient  to  equal  the  pressure  of  the  atmosphere,  will  not  of  itself 
lift  the  piston  and  loggerhead ;  it  is  therefore  necessary  that  some  means  should 
be  adopted  to  aid  its  ascent.  This  is  done  by  means  of  the  weight  or  counter- 
poise/; so  that  by  the  force  of  the  steam  and  gravity  of  the  counterpoise,  the  piston 
IS  elevated  to  the  top  of.  the  cylinder,  and  forces  down  the  pump-rod  m  into  the 
pump  below.  When  this  is  effected,  the  attendant  returns  the  handle  to  its 
original  position  (shown  in  the  cut),  which  prevents  the  admission  of  more  steam 
from  the  boiler,  and,  at  the  same  time,  opens  the  cock  n,  so  as  to  admit  a  small 
quantity  of  cold  water  from  the  reservoir^  into  the  cylinder;  this,  by  dispersing 
itself  among  the  steam,  almost  instantly  condenses  it,  so  that  a  void  is  at  once 
obtained;  and  the  pressure  of  the  atmosphere  meeting  no  longer  with  resist- 
ance, presses  upon  the  external  surface  of  the  piston,  and,  by  its  descent  to  the 
bottom  of  the  cylinder,  raises  the  pump  bucket  in  the  mine.  The  handle  is 
again  depressed  to^',  which  allows  fresh  steam  to  enter  the  cylinder  and  elevate 


eedi  that  of  a  cvUimn  of  the  aCmofphece;  h>  that  il  runi  aff 
own  gravily. 

From  the  >iiperioritv  of  the  principle  of  Newcomcn's  engine  oy<r  Sa»M)r'«  it 
soon  aiipeiseded  llie  latter,  and  it  canie  graduallj'  into  rery  general  UM  for 
draining  mines,  reeeiiing  from  time  to  liuie  variuus  important  iin]irovelnelltB, 
in  the  mecliiijiical  details  of  tlie  arrBngeraent,  I'rora  vsrioui  ingeiiioui  pcraom, 
particular!}'  the  celebrated  Snieaton.  Our  limila  will  not  aiiov  ui  to  tlolie* 
each  of  these  ai  they  occurred,  we  thall  Iheiefore  proceed  at  once  lo  Am 
inventions  of  ihe  great  Watt,  which  completely  njtered  the  chBi-scter  of  tba 
engine,  rendering  it  almost  uniTersally  applicable,  as  a  prime  mover  of 
machineij. 

Prior  to  the  introduction  of  Mr.  Wall'i  improvements,  the  condensation  of 
the  iteain  in  even  the  most  improved  arraugement  of  the  atmuipberie  otgina 
took  place  in  the  cylinder  in  wliicb  the  sleam  operated,  a»  it  had  done  in  ita 
predeecBior  Savery's  engine.  The  waste  of  fuel  from  this  cause  we  tuTO 
already  pointed  out,  but  In  addition  to  this  evil  there  was  also  a  direct  Ion  of 
power,  owing  to  the  vapour  which  was  given  out  by  tlie  injection  « 


which  materially  aiTected  the  i 

lo  the  lubject  about  the  year  1703.  Ho 

established  iu  bualucsa  at  Glasgow,  aa 


The  altenljon  of  Mr.  Wall  wot  drawB 
was  at  lliat  time  a  young  man  recently 
n   upiiciaii,  Olid  holding  likuwUe  lb* 


STEAM  ENGINE.  639 

sppohrtineiit  of  madieinatieal  instrament  maker  to  the  Uniyenity  of  Glasgow, 
toAf  baTing  to  repair  a  small  model  of  a  steam  engine  belonging  to  the 
Institution,  upon  setting  the  machine  to  work  after  completing  the  repairs,  he 
was  struck  by  the  great  quantity  of  steam  consumed  by  the  engine :  upon  re- 
flection he  perceived  that  this  was  owing  to  the  heat  abstracted  from  the 
cyKnder  and  piston  at  each  stroke,  during  the  formation  of  the  vacuum.  This 
led  him  to  institute  a  series  of  experiments,  in  the  course  of  which  he  became 
acquainted  with  the  leading  focts  upon  which  the  theory  of  latent  heat  b 
founded,  and  at  length,  after  much  patient  investigation,  he  hit  upon  the  grand 
idea  which  forms  tne  basis  of  his  fame — ^the  separate  condenser,  whereby  he 
was  enabled  to  prodace  the  desideratum  he  had  been  in  search  of,  viz,,  a 
perfect  vacuum  with  a  hot  cylinder. 

The  detached  condenser  consisted  of  a  close  vessel,  in  which  a  jet  of  water 
CQfdd  be  produced,  md  connected  wHh  the  bottom  of  the  cylinder  by  a  pipe 
closed  by  a  valve.  Doring  the  ascent  of  the  piston  by  the  operation  or  tne 
counterpoise,  this  valve  remained  closed,  and  the  steam  was  admitted  to  flow 
through  a  valve  from  the  boiler  to  the  cylinder  below  the  piston.  When  the 
piston  had  attained  its  highest  point,  the  communication  with  the  boiler  was 
closed,  and  that  with  the  condenser  opened,  and  the  steam  rushing  into  the 
condenser  was  quickly  condensed  by  a  jet  of  cold  water,  and  a  vacuum  esta- 
blished in  the  condenser  and  cylinder,  causing  the  piston  to  descend  by  the  pres- 
sure of  the  atmosphere.  The  air  and  injection  water  which  collected  m  the  con- 
denser at  each  stroke  were  removed  by  an  air-pump  worked  by  the  engine  beam. 

The  success  of  this  improvement  realised  his  most  sanguine  expectations, 
and  confirmed  his  fipinion  of  the  importance  of  maintaining  the  temperature  of 
the  cylinder  as  h^  as  possible.  Wi&  the  view  therefore  of  preventing  the 
loss  of  heat  from  the  exposure  of  Ae  interior  of  the  cylinder  to  the  air,  his 
next  improvement  was  to  exclude  the  air  from  the  cylinder,  by  an  air-tight 
cover,  having  an  aperture  for  the  passage  of  the  piston  rod,  whicn  worked  in  an 
air-tight  manner,  by  means  of  a  contrivance  whicm  he  called  the  "stuffing  box. " 
In  this  arrangement,  the  upper  side  of  the  piston  was  continually  exposed  to  the 
pressure  of  tSe  steam  daring  the  working  of  the  engine,  and  a  valve  called  the 
'*  equilibnum"  valve,  was  introduced,  by  which  the  steam  could  be  admitted  to 
the  under  side  of  the  piston.  During  the  ascent  of  the  piston,  the  eduction 
valve  was  closed,  and  the  equilibrium  valve  was  kept  open,  and  the  pressure 
upon  each  mde  of  the  piston  being  thereby  rendered  equal,  the  piston  was 
raised  to  the  top  of  the  cylinder  by  tne  action  of  the  counterpoise.  The  equi- 
librium valve  was  then  closed,  and  a  vacuum  being  established  within  the 
cylinder  by  opening  the  passage  to  the  condenser,  the  pressure  of  the  steam 
upon  liie  upper  side  of  the  piston  carried  the  latter  to  the  bottom  of  the  cylinder. 
By  this  arrangement  the  engine  became,  in  the  strictest  sense  of  the  term,  a 
'*  steam  engine,"  depending  in  no  vray  upon  the  pressure  of  the  atmosphere, 
and  constituting  in  ^act,  in  its  leading  features,  the  pumping  engine  employed  to 
this  day  in  the  mining  districts. 

The  last  grand  improvement  was  the  rendering  the  engine  double  acting,  by 
causing  the  pressure  of  the  steam  to  operate  during  the  ascent  as  well  as  the 
descent  of  the  piston ;  and  to  obtain  a  rotatory  motion  from  the  rectilinear 
movement  of  the  piston.  This  may  be  considered  the  crowning  improvement; 
from  being  Kmited  almost  exclusively  to  the  purpose  of  lifting  water,  the  engine 
became  universally  applicable  as  a  prime  mover,  and  its  utihty  was  increased  a 
hundred-fold. 

But  it  was  not  merely  to  the  principles  upon  which  the  action  of  the  engines 
depended  that  Mr.  Watt  confined  his  care ;  every  part  of  the  engine  occupied 
his  attention,  and  received  improvement  at  his  hands. 

To  give  a  detailed  account  of  dl  these  improvements  as  they  rapidly 
succeeded  each  other,  wonld  far  exceed  our  limits,  we  therefore  refer  the  reader 
to  the  accompanying  cut,  which  represents  the  engine  in  its  matured  state,  with 
most  of  the  materiafimprovements  embodied. 

a  the  cylinder  :  c  the  ttuffinff-box,  through  which  the  piston  rod  passes.  The 
stuffing-box  consists  of  a  short  tube,  cast  upon  the  cylinder  cover  with  a  flanch 
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and  screw-holefl  round  its  upper  edge ;  the  interior  ia  sopptied  widi  some  soft 
substance  (hemp  or  cotton)  to  surnmnd  the  piston  rod ;  and  upon  the  cover  of 
the  box  is  formed  a  ring  or  gland  which  fits  into  the  box,  and  beine  screwed 
down  upon  the  stuffing,  presses  it  closely  round  the  piston  rod,  ana  thereby 
prevents  the  escape  of  the  steam  from  the  cylinder,  d  is  the  working 
beam,  resting  upon  its  centre  f,  and  connected  at  one  end  to  the  piston  rod, 
at  the  other  to  the  bar/.  To  the  cylinder  a  (which,  in  this  modification,  has 
no  external  jacket)  is  attached  a  tube,  through  which  the  steam  is  allowed  to 
nass  above  and  below  the  piston,  through  Uie  pipe  Z,  connected  with  the 
boiler ;  in  this  tube  are  placed  valves,  one  above  and  one  below  the  point 
of  junction  with  Z,  which  are  moved  by  external  levers.  Now,  supposing 
the  blowing-valve  to  have  been  opened,  and  the  vacuum  formed  m  the 
condenser  in  the  manner  before  described,  the  steam  rushing  through  the 
upper  elbow  of  the  tube  upon  the  piston,  forces  it  to  descend  to  the  bottom 
of  the  cylinder ;  by  this  action  the  lever  1  is  turned  downwards,  by  means 
of  tappets  placed  on  the  pump  rod  4,  and  shuts  that  valve ;  whilst  2,  on  a 
pipe  oehina  that  which  we  see,  opens  a  passage  to  the  condenser.  The  lever 
3  is  at  the  same  time  opened,  admitting  steam  under  the  piston,  which  con> 
sequently  ascends.  5  is  a  rod  connected  with  the  dischaiging'pump  attached  to 
the  condenser ;  6  a  small  pump,  which  supplies  the  boder  with  heated  water 
from  the  condenser. 

The  vertical  descent  of  the  piston  rod  (through  the  stuffing  box)  by  its  attach- 
ments to  the  beam,  is  explained  in  the  article  Parallel  Motiok,  and  need  not 
here  be  repeated. 

Mr.  Watt  had  employed  the  fly-wheel,  in  order  to  equalize  the  motion  of  the 
piston  in  the  cylinder  (see  article  Flt)  ;  but  as  it  became  an  important  object 
to  convert  the  alternate  motion  into  a  rotarv  one,  he  applied  himself  to  the 
discovery  of  a  readv  means  of  effecting  it  Tne  crank  (see  article  Crank)  could 
have  been  appropnated  to  this  purpose  ;  but  a  patent  was  at  that  time  in  force 
for  the  exclusive  adaptation  of  it  by  another ;  and  as  some  dispute  had  arisen 
upon  the  subject.  Watt  was  compeUed  to  resort  to  some  other  mode,  by  which 
a  similar  effect  might  be  achieved,  without  the  invasion  of  another's  privilege. 
This  ended  in  the  construction  of  what  is  now  known  by  the  name  of  the  ^i0»- 
and-PUmet  wheels,  the  action  of  which  is  as  follows  :-— the  bar  /  (an  inflexible 
rod)  is  attached  at  one  end  to  the  working  beam,  and  at  the  other  to  A,  a  toothed 
wheel  that  can  revolve  upon  its  axis ;  o  is  likewise  a  toothed  whetiLJbsed  to  the 
fly.  As  the  beam  rises  tne  planet  wheel  h  u  drawn  up  on  the  circumference  of 
the  tun  wheel,  and  turns  it  round,  causing  the  sun  wheel  to  make  two  revolutions 
while  the  planet  wheel  travels  once  over  its  circumference ;  the  momentum  of 
the  fly  beine  sufficiently  powerful  to  preserve  the  tendency  of  the  machinery  to 
revolve  in  &e  same  direction  during  the  change  of  motion  in  the  piston,  and  to 
uige  the  planet  wheel  over  the  inactive  points  in  its  circuit,  the  continued  rotary 
motion  becomes  at  once  effected,  and  with  this  advantage,  that  as  the  fly  makes 
twice  the  number  of  revolutions  it  would  make  by  the  common  crank,  a  lighter 
body  of  material  composing  the  fly  is  required.  There  are,  however,  several 
disadvantages  attending  wis  mode  of  converting  an  alternate  into  a  rotary 
motion,,  such  as  being  more  complex,  expensive,  and  liable  to  derangement. 

One  of  the  last  improvements  made  by  Watt  upon  his  engines  was  the 
application  of  a  fine  piece  of  mechanism  which  had  been  previously  used  for 
other  objects — the  governor  or  r^;ulator.  The  invention  has  been  ascribed,  but 
improperly,  to  Watt ;  and  although  it  is  said  that  the  notion  of  applying  it  to 
steam  engines  was  first  suggested  by  a  Mr.  Clarke  of  Manchester,  it  does  not 
appear  that  he  ever  carried  it  into  practice.  The  governor  s  is  composed  of  two 
balls,  fixed  each  to  a  lever  attached  to  other  and  shorter  levers,  u  u,  above  the 
point  of  junction,  the  latter  being  fixed  by  a  moveable  joint  to  a  slider,  to,  moving 
freely  on  the  vertical  rod  s.  The  horizontal  lever  w  H  has  a  fulcrum,  and  raisea 
or  lowers  another  lever  H  Z,  which  is  attached  to  a  valve  inside  the  steam-pipe 
at  Z.  On  the  pulley  is  a  cord  q  proceeding  from  the  fly-wheel ;  by  this  means 
a  rotary  motion  is  ^ven  to  the  vertical  rod,  and  the  balls  by  their  centrifugal 
force  (vide  article)  rising  outwards,  draw  downwards  the  slider;  wluch  movement 


fciliiito  if  the 
but  ter  tiBci  M  ksc  aad  let  khe 
that  odIj  the  nine  ^naolttf  of 

cot  OS  wbea  the 
to  tbe  poBtioD  e  1,  vhich  b  oolj  ^  of  the  moke  m 
tike  cjCnder  o  6 ;  the  pistoo  will  in  thk  esse  contiBiie  to 
descend,  bat  the  pri  in  i  npon  it  will  gnduaHj  deqeoie;  andwhcBtibcpiitaB  hot 
■Hide  half  iti  moke,  M  the  original  vohime  of  ileam  a  1  wfll  dicn  he  expanded 
isto  doaUe  its  bulk,  or  oeeopj  the  space  a  2 ;  ita  density,  and  Cfloae^Den'Jr 
ha  proonre,  will  oolj*  he  half  a«  great  ai  at  the  moment  at  which  hwas  cut  cA 
or  when  the  piaten  was  in  the  position  c  1  ;  therefore  if  the  line  e  1  represent 
the  fbn  piTMBOia  of  the  iteam,  the  line  d  2  will  represent  iu  pressore  at  the 
position  2.  At  the  end  o(  the  stroke,  or  when  the  piston  arrires  wxfh^  the 
steam  will  he  expanded  into  four  times  its  original  Tolome ;  cooseqnentlT  its 
preasuia  will  then  he  only  one  fourth  of  its  original  pressure,  and  will  be 
represented  bj  the  line  h  e. 

In  this  case  thetotalefiectof  the  steam  will  he  represented  by  theaieaibce&l  a 
which  exceeds  the  effect  of  the  steam  in  the  first  supposed  case,  by  the  area 
c  dehU  which  thereCsre  represents  the  increase  of  power  due  to  the  expansire 
action  of  the  steam* 

The  enrre  e  d  €  represents  the  ratio  in  which  the  iiressure  of  the  steam 
decreases  as  the  piston  descends  in  the  cylinder,  and  if  we  deduct  the  area 
included  by  the  points  c  defe^  from  the  area  of  the  rectanele  c  1  6/  we  shall 
obtain  the  area  of  the  figure  c  #  6  1,  which  represents  the  effect  of  theexpansiTe 
action.  Now,  as  the  curve  e  d  §  differs  but  little  from  a  parabola,  the  mean 
pressure  may  be  readily  computed  by  the  following  rule.  It  is  only  an 
approximation,  but  it  is  suflficiently  near  the  truth  for  all  practical  purposes,  so 
long  as  the  steam  does  not  expnnd  to  more  than  four  times  its  original  Tolome, 
and  within  those  limits  gives  h  reiiilt  rather  below  the  true  one. 

RuLSf— To  the  pressure  of  the  steam,  ahiiva  the  presiure  of  the  atmosphere, 
add  16  lbs  per  square  bioh  for  the  atmui|)h«rb  prsMurc,  and  call  the  sum  the 
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total  pretinire  of  the  iteam ;  square  the  fnetioB  of  the  ttrohe  dttrin|  which  the 
steam  acts  expansivelir,  and  deduct  -^  of  the  prodact  from  vanty,  and  the 
remainder,  multiplied  by  the  total  preseure,  will  be  the  mean  pressure,  after 
deducting  15  lbs  for  the  pressure  of  the  atmosphere  in  the  case  of  non-con- 
densing engines. 

Example  in  a  non-condensing  engine ;  suppose  the  pressure  of  the  steam,  at 
the  commencement  of  the  stroke,  to  be  451bs  per  square  inch  above  the 
atmosphere,  and  that  the  steam  is  cut  off  at  ^  of  the  stroke:  required,  the  mean 
pressure  of  the  steam. 

First      Full  pressure 45  lbs 

Atmosphere 15.. 

Total  pressure 60  lbs 

Then.       Steam  cut  off  at  ^ : *25  . . 

Expands  throughout  f '75  .  . 

Which  is  to  be  squared.  .  - '75  . . 

375 
525 


•5625 

Deduct  tV '7 

•39376 
From  unity 1* 

•60625 
Multiply  by  total  pressure      .•••••••     60  lbs 

36-37500 
Deduct  for  atmospheric  pressure    .     .    •    .    .15 

Mean  pressure 21*375  lbs 


The  mechanical  effect  being  as /the  pressure  of  the  steam,  and  the  space 
through  which  such  pressure  is  exerted,  the  effect  of  the  steam  whilst  acting  at 
full  pressure  in  the  above  example,  will  be  as  45lbs  through  a  space  I  =  45, 
but  the  total  effect  will  be  as  21*375lbs  through  a  space  4,  which  is  eoual  to 
85-5,  or  nearly  double  the  former,  and  shows  the  great  advantage  to  be  derived 
from  using  steam  expansively.  There  are,  however,  in  practice  certain  limitations 
to  the  extent  to  which  steam  may  be  allowed  to  expand,  for  independently  of 
the  inconvenience  of  the  great  sise  of  the  cylinder  when  the  expansion  is 
carried  to  an  extreme,  the  pressure  of  the  steam  upon  the  piston  should 
never  be  less  than  the  resistance  from  the  friction,  &c.  added  to  the  pressure  of 
the  atmosphere  in  non-condensing  engines,  or  the  pressure  of  the  non-condensed 
steam  in  condensing  engines;  hut  in  the  preceding  example,  the  pressure 
at  the  end  of  the  stroke  is  merely  equal  to  that  of  the  atmosphere.  Mr. 
Tredeold  gives  the  following  rule  for  ascertaining  the  point  at  which  the  steam 
should  be  cut  off,  so  as  to  produce  the  greatest  effect : — 

Divide  the  amount  of  the  friction,  &c.  added  to  the  pressure  of  the  atmosphere^ 
in  non-condensing  engines,  or  of  the  non-condensed  steam  of  condensing 
engines,  by  the  pressure  of  the  steam  in  the  boiler,  and  the  quotient  will  give 
the  proportion  of  the  stroke  at  which  the  steam  should  be  cut  off. 

Example. — ^The  pressure  of  steam  in  the  boiler  being  equal  to  120  inches  of 
mercury,  the  loss  from  friction,  &c.  (reckoned  as  ^  of  the  whole)  is  48,  which 
added  to  30  inches  for  the  pressure  of  the  atmosphere  is  78,  and  this  divided 
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bj  120  giTM  M  ■■  tbe  put  of  the  itnka  tt  vbidi  the  rtcm  alMnU  b« 

The  prineiplB  of  ekpuuioii  waa  mbsMjueiitlr  adoptad  by  HornUower,   who 
in  1781  obteined  apaUnt  for  an  expuuion  engine,  airangad  u  axhibited  id 
iDTing  cut,  of  which  the  fUlewing  it  a  deecriptioti  estraetad  ftoB 


•  accompanjing 
e  EHejfdcpmdia 


Lrt  A  and  B  repTstent  two  eyiinden,  of  which  A  it  the  teigett ;  a  piitoa 
tnovei  in  each,  having  their  rod*  C  and  D  moTing  through  colUn  at  E  and  F. 
These  cflinden  may  be  lupplied  wilh  ateam  from  the  boiler  by  meani  of  tha 
--lare  pipe  G,  which  has  a  flange  to  connect  it  with  the  real  of  the - 

i(  iquare  part  ii  repreiented  n  branching  ofl  to  both  cylinder* ; 


•quare  pipe  G,  which  haa  a  flange  to  connect  it  with  the  rtat  of  the  ileam-p 
TtOM  iquare  part  ii  repreiented  la  branching  ofl  to  both  cylinder*  ;  e  and  a  are 
two  cocks  which  have  haDiUei  and  tumblers  asuaunl,  worked  by  the  plug-bean  W. 


On  the  fore  lide  of  the  eyiinden  ii  repreiented  another  communicating  pipe, 
whoae  leetiou  ii  alio  iquare,  or  rectangular,  having  alio  two  cocki,  a  i.     Tho 


pipe  Y  immediately  unaer  the  cock  b  eitahliihei  a  communication  between  tbc 
U|iper  and  lower  parts  of  the  cylinder  B,  by  opening  the  cock  b.  There  is  a 
limilar  pipe  on  the  other  tide  of  the  cylinder  A,  immediitely  under  the  cock  a. 
When  the  cocks  c  and  a  are  open,  and  the  cocki  b  and  d  are  ihut,  the  steam 
from  the  boiler  has  fres  adminion  into  the  upper  pott  of  the  small  cylinder  B; 
and  the  steam  from  the' lower  part  of  B  has  free  admisiion  into  the  upper  part 
of  the  great  cylinder  A  ;  but  the  upper  part  of  each  cylinder  has  no  commuiu> 
ealioQ  with  iti  lower  part.  From  the  bottom  of  the  gnat  cylinder  proceed*  the 
•dnction  pipe  K,  having  ■  *alv*  at  its  opening  into  the  cylinder ;  it  then  benda 
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dovnwardi,  and  k  eonneeted  with  the  condemer.  Lutly»  the  pump-rodi  ctuie 
the  outer  end  of  the  beam  to  preponderate,  so  Aat  the  quiescent  podtion  of  Ae 
beam  is  thai  represented  in  the  figure,  ^e  pistons  being  at  the  top  of  the 
cylinder.  Suppose  all  the  cocks  dpen,  and  steam  coming  in  copiously  from  the 
biriler,  and  no  condensation  going  on  in  L,  the  steam  must  drive  out  all  the  air, 
and  at  last  follow  it  through  the  valve  Q.  Now  shut  the  cocks  b  and  d^  and 
open  the  escape-valve  of  the  condenser;  the  condensation  will  immediately 
commence,  ana  draw  off  the  steam  from  the  lower  part  of  the  great  cylinder. 
There  is  now  no  pressure  on  the  under  side  of  the  piston  of  the  great  cylinder  A, 
and  it  immediately  descends.  The  communication  Y  between  the  lower  part  of 
the  cylinder  B,  and  the  upper  part  of  the  great  cylinder  A  being  open,  the 
steam  will  go  from  the  lower  part  of  B  into  the  tipace  left  by  the  descent  of  the 
piston  A.  It  must  therefore  expand,  and  its  elasticity  must  diminish,  and  wiU 
no  longer  balance  the  pressure  of  the  steam  coming  from  the  boiler,  and  pressing 
above  the  piston  of  B.  This  piston,  therefore,  if  not  withheld  by  the  beam 
would  descend  till  it  came  in  equilibrio,  from  having  steam  of  equal  density 
above  and  below  it  But  it  cannot  descend  so  fast,  for  the  cylinder  A  is  larger 
than  B,  and  the  arch  of  the  beam,  at  which  the  great  piston  is  suspended,  is  no 
longer  than  the  arm  which  supports  the  piston  of  B;  therefore,  when  the  piston  of 
Bhasdescended  as  far  as  the  beam  will  permitit,  the  steam  between  the  two  pistons 
occupies  a  lai^eer  space  than  it  did  when  both  pistons  were  at  the  top  of  their  cylin- 
ders, and  its  density  diminishes  as  its  bulk  increases.  The  steam  beneath  the  small 
piston  is,  therefore,  not  a  balance  for  the  steam  on  the  upp^r  *ide  of  the  same,  and 
thepiston  B  will  act  to  depress  the  beam  with  all  the  difference  of  these  pressures. 

Tne  slightest  view  of  the  subject  must  show,  that  as  the  piston  descends,  the 
steam  that  is  between  them  will  grow  continually  rarer  and  less  elastic,  and 
that  both  pirtons  will  draw  the  beam  downwards.  Suppose,  now,  that  each  one 
had  reached  the  bottom  of  its  cylinder :  shut  the  cock  a,  and  the  eduction 
valve  at  the  bottom  of  A,  and  open  the  cocks  b  and  tL  The  communication 
being  now  established  between  the  upper  and  lower  part  of  each  cylinder,  their 
pistons  will  be  pressed  equally  on  the  upper  and  lower  surfaces;  in  this  situation, 
therefore,  nothmg  hinders  the  counter-weight  from  raising  the  pistons  to  the 
top.  Suppose  them  arrived  at  the  top :  the  cylinder  B  is  at  this  tune  filled  with 
steam  of  the  ordinary  density,  and  the  cylmder  A,  with  an  equal  absolute 
quantity  of  steam,  but  expanded  into  a  larger  space.  Shut  the  cocks  b  and  d, 
and  open  the  cock  a,  and  tne  eduction  valve  at  the  bottom  of  A,  the  condensation 
will  again  operate,  and  cause  the  pistons  to  descend ;  and  thus  the  operation  may 
be  repeated  as  long  as  steam  is  supplied;  and  one  measure  full  of  the  cylinder 
B  of  ordinary  steam  is  expended  during  each  working  stroke. 

Professor  Kobison  g^ve  a  seriesof  elaborate  and  highly  interesting  calculations, 
by  which,  unluckily  for  the  ingenious  inventor,  it  was  demonstrated,  that  the 
same  effect  only  is  produced  in  this,  as  in  Mr.  Watt's  expansion  engine  ;  and 
these  calculations  were  confirmed  by  the  practice  of  those  which  Homblower 
erected.  Although  he  made  an  unsuccessful  application  to  Parliament  for  an 
extension  of  the  term  of  bis  patent,  it  does  not  appear  that  his  engine  obtained 
public  patronage  or  approbation. 

Afler  the  expiration  of  Watt's  patent,  the  condenring  engine,  under  the  hands 
of  different  manufacturers,  assumed  a  variety  of  forms.  The  accompanying  cut 
represents  a  portable  engine  of  12  horse-power,  as  constructed  by  Messrs. 
Rothwell,  Hick,  &  Rothwell,  of  Bolton. 

This  engine  consists,  in  the  first  place,  of  a  large  cast-iron  plate,  firmly  bolted 
to  stone  or  brick-work,  on  which  tne  whole  of  the  materials  are  fixed.  The 
beam  with  all  its  appendages  is  by  this  means  supported,  without  being  at  all 
connected  with  the  building,  by  a  double  diagonal  frame,  one  half  surmounted 
by  an  entablature  plate,  to  which  the  bearers  or  spring  beams  are  attached,  that 
receive  the  studs  or  centres  of  the  radius  rod  of  the  parallel  motion,  the 
extreme  ends  of  which  are  supported  by  a  pillar  resting  on  a  bracket  projecting 
from  the  back  of  the  cylinder.  The  pedestals  in  which  the  gudgeon  of  the  beam 
works,  rest  on  the  entablature  plate,  and  are  firmly  secured  by  bolts  passing 
through  the  whole.      The  side  walls  on  which  the  foundation  plate  acts  are  so 
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for  uondM*  ■■  to  allow  ■  mffidently  wide  raccn  to  Rerive  Ibe  eoDdeonng  cistem, 
with  iti  aii^pnnip*  «nd  condeiuer,  hat  «nd  cold  water  punipet  m  wdl  *»  to  affoid 
roam  for  getting  down  to  lecure  the  ends  of  the  bolt*.  The  goTcmor  ii  nip- 
ported  by  a  itandard  placed  directly  over  the  crank  ihaft,  and  ia  tamed  hj  ft 
liogla  pair  of  bevel  whceU.    The  upper  part  of  it  ia  hollow,  to  receive  a  Knall 


rod,  that  it  attached  by  a  croti  pin  to  a  brau  aliding  socket,  which  ii  connected 
with  the  governor  armi  by  two  imall  linka,  and  pattakei  of  the  motion  comma- 
nicated  to  them  by  the  morement  of  the  balls.  The  small  rod  has  a  commanica- 
lion  with  the  throttle- valves,  by  means  of  the  levers  fixed  to  the  ceiling  of  tha 
engine-houie. 

The  kind  of  boiler  attached  to  this  engine  ia  of  the  waggon-shaped  kind,  a  fiill 
detcription  of  which  has  already  been  given  at  page  198  of  the  first  volume  of 
this  work. 

The  steam  cylinder  and  its  caung  are  caat  together  in  one  piece;  the  spare 
betwixt  them  is  conatantly  filled  with  steam,  which  prevents  any  condensatjon 
taking  place  within  the  cylinder,  and  serves  also  as  a  conducting-pipe  for  the 
steam  to  the  boxes  E,  containing  the  sliding  valves,  (which  are  generally  called 
D  valves,  from  their  resemblance  in  form  to  that  letter,}  through  tfo  separate 
opening!  for  that  purpose,  in  each  of  which  ia  placed  a  throtUe- valve,  and  on 
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eating  hj  b  rod  witb  the  goTsmor,  for  rtga- 

n  their  circular  ude*  with  a  lofl  aalMlaDce  of 
hemp  or  flal,  and  In  ooninjoence  of  the  iteam  being  sdmilled  to  the  nndar  side 
of  the  top  tbItb,  and  tha  apper  nde  of  the  boUom  valvr,  they  of  eontee 
Nqnira  no  more  force  to  move  tbem  than  what  it  necenary  to  orercome 
the  fridion  of  the  packing,  and  the  nrface  orer  which  they  ilide.  The 
weight  of  the  vairei  and  their  lodt  are  aeenrateir  coonterMlanced  hj  a 
moTable  weight  or  a  lerer  under  the  cylinder,  and  are  moved  bj  an  ec- 
eentric  circle,  on  the  fly-wbeel  ihsft.  Bj  the  arrangement  of  baring  two 
throttle  valve*,  the  least  diflcrence  in  weight  between  thoae  part)  of  the  en- 
cine  that  are  attached  to  the  opporite  endi  of  Ihe  working  tiesni  can  be  ngU' 
bted,  by  allowing  a  little  more  iteam  to  wn  in  the  nune  lime  through  either  c^ 
the  valvee,  M  may  be  found  necenarj, — tberebj  equsliiiag,  a*  much  as  pOHible, 
the  action  of  the  engine.  One  pipe,  O,  only  ii  required  in  front  of  the  cylinder, 
and  that  for  the  purpose  of  conducting  the  iteam  from  Ihe  upper  side  of  Ihe 
pieton  to  the  eoodenier.  H,  a  tessel  in  which  the  condeQiation  of  the  steam  b 
effected  after  its  eicape  from  the  cylinder,  by  admitting  a  quantity  of  cold  water 
out  of  the  condensing  cisteru  I,  Ihrough  an  injection  cock,  the  opening  of  which 
is  regulated  by  hand.  The  condensing  dslem  is  supplied  with  water  by  tha 
oold  water  pump  K.  L  is  the  hot  water  pump,  tued  lor  raising  water  to  supply 
the  boiler;  which  water  passes  through  a  small  valve,  and  down  the  same  pipe 
that  contains  the  damper-floaL  This  valve  is  connected  with  a  lever,  having  one 
of  its  ends  connected  by  a  rod  pasting  through  a  pipe  with  a  stone  float,  thai 
rises  and  ialle  with  the  sur- 
face of  the  water  in  the  boiler, 
and  thereby  admittinga  small- 
er <rt  larger  quantity  of  water, 
asmay  bercqaisite.  Thiipipe, 
for  the  rod  to  pan  through, 
iiasMveral  advantages  over  uie 
method  of  passing  it  throngh 
astufflng-box  on  Ue  boiler  top ; 
a*,  in  case  the  hot  water  pump 
by  any  aceidentshould  cease  to 
act,  and  the  water  get  low  in 
the  boiler,  the  steam  would 
make  its  escape  before  any 
serioos  injury  could  happen, — 
showing  instantly  that  such 
was  the  (act,  the  moment  it 
got  bciow  the  end  of  the  pipe. 
The  frictioli  between  the  rod 
and  the  water  being  so  tri- 
fling, insures  an  almost  uni- 
form regularity  of  sctiun.  N, 
a  small  cistern,  containing  the 
blow-valve,  for  the  purpose 
of  allowing  the  air  to  escape 
from  the  cylinder.  Sec,  previoua 
to  the  engine  being  set  to  work. 
We  shall  now  give  an  ex- 
ample of  a  common  arrange- 
ment of  the  high  pressure  en- 
gine ;  in  which,  as  no  airpump 
IS  required,  the  beam  is  dis- 
pensed with. 

k,  the  steam-pipe  leading 
from  the  boiler,  in  wbi^  is 
tba   tbrottle-valve  t;  j,  the 
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•id»^Hpe,  in  wbkh  »Mfc  tlw  ■lide'TalrM  k  k,  mond  by  the  rad  A  ■tHArf 
to  the  eccentric  MiOntbetfaaftofAeflj-wlieelB,  eeoarc'' —  '  "  ' 
p,  ibe  upper  iteaiii  eDtranca  to  tho  ejliodar;  a  r,  tlu  _ 
thTODgh  tbe  bridge  t,  mi  commanbUiDi  with  th«  tnak  f  br  l)w  Moa- 
ndi  11  u, — fonnins  ■  rery  rimpla  puallw  motian ;  s  w,  p«dMtu*  MpptfrW 
iog  tbe  mtin  ihift,  the  rerolutioii  of  wbkh  give*  motion  to  m  pair  at 
berel  wheeU.  uid  thercbv  to  the  goreraor  w,  the  expanding  or  eoatraet- 
ing  of  the  Bmu  of  which  riieei  or  depreaee  tbe  coUw  a,  and  acta  aa  the 
valve  t  throngh  the  medium  of  the  lever  1  and  handle  3 ;  4  ii  tbe  puDp  tot 
upplfing  the  boiler  through  a  fecd-npe  (not  ihown)  wralied  hj  the  rod  i,  and 
eeceoUic  6;  7  7  are  the  metal  cbeeka  of  tbe  frame;  8,  the  metal  (bandalM 
plate,  ODdcT  which  if  a  imall  cittern,  (oot  »ho«n,)  containing  a  day'*  cooaunptimi 
for  tbe  boiler.  At  th«  bottom  of  Ae  lide-pipe  iiaii  eductiOD-pipe,  (not  ibown,) 
from  which  the  itcam  is  diicharged  into  the  eiilem,  to  heat  the  water  tor  ap- 
plying the  boiler  alter  the  iteam  hai  performed  iu  office  in  the  erlioder.  Tm 
periphery  of  the  fly-wheel  ie  round  in  ill  trail  Irene  sectioii,  and  of  caatlron;  Iba 
arm»  or  radii  are  of  wrooght  iron,  and  areinterted  into  the  former  while  caiting, 
Tbe  aubjoined  figure  repreientt  an  arrangement  which  it  frequentlj  adoptM 
for  enginei  of  imaU  power;  the  cylinder  ii  lutpended  upon  aiei  or  godgeona, 
and  tibratei  to  and  fro  during  the  revolution  of  the  crank,  and  benca  thcae 
•Dgina  are  commonly  called  vibratiiig  enginei.  The  gudgeoni  are  bollow, 
and  form  the  itcam  and  eduction  pipe*;  a  u  the  ileam  cylinder,  b  the  hollow 
gudgeon  at  which  tbe  iteam  enten,  and  whence  it  pauei  by  the  cbannal  e  to 
ihe  elide  eaae  d ;  and  a 
channel  limilar  to  c  coD- 
oect*  the  eduction  paMage 
with  the  other  gudgeon, 
which  openi  into  the  con- 
denier.  The  gudgeoni  pro- 
ject beyond  thebearinniD 
which  they  work;  and  their 
estremitiei  pan  through 
■luffing-boxef  in  the  ttaam 
pipe  and  condenten;  no 
connecting  rod  it  repaired, 
but  the  puton  rod  ia  eon- 
nected  direcily  with  the 
crank  pin,  and  during  the 
revolution  of  the  crank 
tbe  cylinder  vihratM  upon 
it!  gudgeoni  through  an 
are  propottioned  to  the 
length  of  tbe  crank.  To 
the  bead  of  tbe  piiton  rod 
ii  fixed  a  cap  e  e,  which 
worki  between  the  guidet 
//,  which  are  boiled  to  the 
cyUnder  cover,  and  thui 
take  the  itrain  off  the  piiton 
rod  in  the  oblique  poaitiont 
of  the  cylinder,  and  ai  tbe 
cylinder  can  be  uearly 
counterbalanced  on  iU  axe* 
in  all  poaitiont,  the  itraiu 
upon  tbe  piiton  rod  it 
never  coneiderahle. 

Thii  arrangement  ii,  rre  believe,  tbe  inventjon  of  Mr.  Witty  of  Hull,  who 
obtained  a  patont  for  it  June  Sth  1S13. 

Partly  from  tbe  etroneout  notion  that  it  extentively  eutertuned,  that  there 
u  a  lou  of  power  in  tbe  employment  of  the  eraiik  to  tranamit  the  power  given 
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BDtby  llMnttlaii,«iKlp«Tdrfti>inth*adniitagMwhieb  woddb  cntainpm^ 
poM*  nmtt  tnm  *  efreoUr  motion  of  ib»  piMcai  upon  whicli  tlio  ttetm 
impiagM.  AratafaHj  engintlbM  long  been  ngirded  u  ■  dedderatam  b^ 
niinummithe«rriicalandpTMtiedinecbuici,andiiunf  planihaTebMi)daTi»d 
and  (OaMbroaght  into  oMtUlapentioii  for  thtdpnTpoM:  from  •moDnt  tbne, 
wo  .eUrt  •  feiTof  the  r-- --^-^-'■■-  ^^ 


,a]tbaiighdiffieulttodeiCTibe,ioa*tocoiiTef 

■  EimHMarftba  wajinwhiehit  operate*, ii alike  r«m>rk*b)e  Tor  tbofevDcn 
of  ita  p«t*ud  tba  nmplidt*  of  iti  actioni.  It  hu  no  ralret,  the  actioa  of 
Ibe  pitton  upon  the  drinng  ibaft  u  U  all  times  direct,  and  tbe  enroe  eu  >m 
rtaitedorTereiiedalBnypoaitiogofthBpalon.  ao'         <     '    >   • 


intwoparit,  which  ate  jmned  together  bj  Bangei,  and  bolted  to  an  end  plate  er 
«arir  S,  which  is  cait  in  one  with  the  bed  pUte;  c  is  the  ensine  ihaf^  which 
pane*  through  the  cover  b,  and  ho  an  obtuie  cone  if  firmljiued  upon  iti  end. 
<  e  are  two  sectors  or  fans,  filed  on  to  the  cone  on  opposite  tadit,  and  fitted 
with  metallic  packing/in  their  curred  side:  the  cane  d  likewiae  ba*  metallic 
packing  t  round  its  cireumTerence.  The  seclon  e  t  pass  ttuougb  lUta  r  in  • 
disc  oreirculirpUte  g,  the  Inwei  side  of  which  is  forced  into  close  contact  with 
the  lower  side  of  the  cone,  bjr  means  of  a  brass  bearing  t,  which  prcMC* 
against  its  axis  h.  The  disc  i>  retained  •ecurely  in  its  position  bj  a  ipoeiical 
nob  on  the  end  of  the  engine  shaft,  xhich  works  in  a  corresponding  cup  or 
■ocket  in  fte  centre  of  the  disc ;  and  the  reTolution  of  the  shaft  causes  the 
disc  to  reTolve  with  it  hy  the  pressure  of  the  secton  on  the  sides  of  the  slits, 
(he  lower  tide  of  the  diic  remaining  throughout  the  rcTolution  in  dose  contact 
with  the  lower  nde  of  the  cone. « lie  slits  m  the  disc  gradually  widen  D^warda 
to  accommodate  the  contiaiia]I]r  varying  angle  which  the  sector*  form  with  tbe 
disc  during  their  revolution  l^ether,  and  to  prerant  the  e*cape  of  (team  past 
their  edges  the;  are  lined  with  a  metallic  packing  r;  the  disc  i*  sttengtbened 
by  thin  flat  armssi,  and  has  a  metallic  packing i  round  it*  periphery;  tba 
upper  end  of  its  axis  worb*  in  a  conical  buring  m,  governed  by  a  set  screw 
The  engine  abaft  works  in  conical  bearing*  at  x  H  governed  by  set  screw*  o  o. 

Fig.  3,  is  an  end  section  which  will  serve  to  show  more  clearly  the  manner 
in  which  the  engine  operate*. 

The  steam  pM*es  through  the  tieck  t  into  the  apherical  chamber,  through  an 
opening « oil  tliraogh  its  side  :  this  opening  is  of  a  triangular  stupe,  and  made 
a*  wide  at  tbe  top  a*  the  circular  plane  i*  there  distant  from  the  base  of  tbe 
cone,  and  gradually  tapering  off*  dornward*;  u  ii  the  opening  through  which 
the  steam  eacape*  mlo  the  atmosphere,  or  tnlo  the  condeoser  (at  the  caia 
■nay  be),  through  the  neck  y.  The  doited  lines  shows  where  the  cone  and  the 
circolar  plana  come  in  contact. 
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Steam  being  admilted 
pening  v,  and  being  there 
c  diu:  agsinst  [he 

It  the  upper  Icnr  (, 
I,  together  with  the 
and  diw,  i>  thereby 
carried  round  in  the  direc- 
tion of  the  nrroiF.  When 
the  leaf  hw  paaaed  the 
upper  part  of  tiie  opening 
II  that  hui  been 
acting  upon  it  etcepes 
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the  ipherical   chamber   hy   the   nttki 
ited  from  pasaiDg  ibe  line  a  bj  ibe  pi      ' 
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If  it  be  requiiita  that  the  engine  ehould  be  cepaUe  of  working  with  a  re- 
▼erae  motion,  this  may  be  effects  by  revening  the  inlet  and  outlet  pamagee  of 
the  itesm,  by  meant  of  a  fimr  way  cock,  or  a  common  vlide  Tahre. 

Corder  $f  Loeke'i  BreoiUioheel  Steam  En^me.-^This  machine  is  extremely 
simple  in  its  constructioD,  having  neither  piston  nor  valves,  nor,  in  fact,  any 
ruboing  parts  save  the  axle  in  its  stuffing-boxes  and  bearings.  According  to 
the  statement  of  Mr.  Josiah  Parkas,  C.  E.,  who  was  appointed  to  examine  and 
report  upon  the  performances  of  the  engine,  it  is  fully  eciual  in  effect  to  cylinder 
condensmg  engines  consuming  the  same  quantity  of  fuel.  Mr.  Parkes  furtl)«>r 
states,  that  if  applied  as  an  auxiliary  to  a  condensing  c)linder  engine  by 
causing  the  eduction  steam  from  the  latter  to  pass  through  the  rotatory  engine 
^  before  it  arrives  at  the  condenser,  that  an  additional  power  equal  to  one  third 
of  the  power  of  the  cylinder  engine  is  obtained  without  any  additional  cost  in 
fuel,  or  increase  of  the  air  pumn  or  condenser. 

This  engine  consists  principally  of  a  wheel,  revolving  in  an  air-tight  case,  in 
open  communication  with  a  condenser,  and  provided  with  air  pumps,  for  keeping 
up  an  exhaustion  within  the  case. 

The  wheel  is  somewhat  like  an  oveisbot  water-wheel,  and  don  not  touch  any 
part  of  the  case.  It  is  turned  by  a  jet  of  steam  issuing  from  the  steam-pipe  of 
the  boiler,  into  the  ezhansted  ease,  through  a  tube,  which  is  inclined  in  the 
direction  of  a  tangent  to  the  drcamflBrenoe  of  Ae  wheel,  so  that  the  steam 
impinges  against  Sie  backets  of  the  wheel  and  tmnsit  roond  with  great  rapidity. 
The  shaft  of  the  wheel  pssses  through  stuffing-boxes  at  the  centre  of  the  curcular 
ease,  and  is  supported  externally  by  bearings. 

The  motion  for  the  ab-numps  is  obtained  firom  a  small  dodble-acting  steam 
cylinder,  independently  or  the  rotatory  engine. 

lig.  1  is  an  end  view  of  the  wheel,  and  a  transverse  seetlOB  df  the  case,  and 
lig.  2  is  a  side  view  of  the  wheel,  with  the  ease  in  section ;  a  is  the  eneine  shaft, 
b  the  revolving  wheel,  c  the  air-t^ht  steam  cases,  d  the  steam  pipe,  e  the  throttle 
valve,/  the  exhausting  passage,  opening  into ^  the  condenser,  h  the  injection 
cock,  i  the  cold  water  cistern.    The  exhausting  apparatus  is  not  shown. 

GaUoway't  Rotatory  Engine. — ^Tbeannexedi^l^.  represents  a  transverse  section 
of  the  engine,  divested  of  such  parts  as  are  not  required  to  explain  its  con- 
struction and  mode  of  action. 

a  a  is  a  cylinder,  which  is  supported  upon  a  frame  (not  shown  in  the  figure), 
and  closed  at  each  end  by  a  cover  b,  the  internal  surface  of  which  is  faced  so 
as  to  be  a  true  plane ;  «  is  a  smaller  concentric  cylinder,  into  which  is  keyed 
the  shaft  e,  and  which  therefore  revolves  with  the  shaft ;  c  is  a  rectangular 
piston  firmly  connected  to  the  smaller  cylinder  jt,  and  furnished  round  its  sides 
with  metallic  packing ;  g  g  are  two  sliders  moving  in  steam  tight  cases  t,  and  in 
rebates  formed  in  the  cylinder  covers ;  they  form  the  steam  abutments,  and  are 
drawn  alternately  within  the  slide  cases,  to  allow  the  piston  to  pass  by  means 
of  a  cam  on  the  shaft,  which  operates  on  cross  heads  attached  to  the  slide  rods, 
which  latter  work  in  stuffing-boxes.  After  the  passages  of  the  piston  the  upper 
slider  descends,  and  is  brought  to  rest  upon  the  revolving  cylinder  b  by  its 
own  weight ;  the  lower  is  pressed  against  the  cylinder  6,  by  a  counterpoise  : 
6,  7,  13,  and  14,  are  the  passages  by  which  the  steam  enters  the  cylinder,  and 
passes  off  to  the  condenser,  or  the  atmosphere,  as  the  case  may  be.  These 
passages  are  connected  with  a  steam  chest,  attached  to  the  frame  of  the  engine, 
and  ftimished  with  a  common  slide  valve,  for  the  purpose  of  reversing  the 
engine,  as  will  be  hereafter  explained. 

In  order  to  put  this  engine  in  motion,  we  will  suppose  that  the  slide  in  the 
steam  chest  is  so  arranged  that  the  valves  6  and  7  are  the  induction  valves,  and 
13  and  14  the  eduction  valves.  The  piston  being  in  the  position  shown,  the 
valve  14  is  then  open  to  the  condenser,  and  the  valve  7  to  the  boiler,  and  the 
steam  rushing  in  between  the  upper  slider,  (which  then  forms  the  abutment) 
and  the  piston,  forces  round  the  latter  in  the  direction  of  the  arrow.  As  soon  as 
the  piston  has  passed  the  lower  slider,  the  cam  on  the  piston  shaft  recedes  from 
the  cross  head  of  the  lower  slider,  and  the  slider  is  gradually  forced  up  by  its 
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To  nmw  Ui«  iDotion  of  Ihii  engine,  tlia  iliding  tbIt*  in  the  ■ISBm  chett  ia 
moved  in  id  bco,  so  that  tha  valves  6  and  7  becoina  tlie  eduction  TalvM,  and 
13  and  14  the  indnction  Tahrei. 


Poeed  to  combine  the   expanuTe   force   of   the  heated   gaiei  and   other 
acta  of  combmtion  with  that  of  tieam.     Suhwqaently  the  idea  hai  been 
embodied  in  (erera]  palenti  in  thii  eountrj  ;  we  select  one  of  the  moet  recent 
for  illualration.    The  patent  was  taken  out  in  the  name  of  Mr,  Hawkins,  the 
patentee's  agent  in  this  country. 
The  annexed  figure  representi  a  section  of  the  boiler,  a  a  ii  a  vertical  cylinder 
constituting  the  shell  of  the  boiler, 
b   b  »  smaller    cylinder  placed 
irithin  the  former,  and  fanning 
the  furnace  and  a>h   pit;  this  is 
entirely  suirxnmded  with  water, 
c  is  a  tube  connected  with  a  blow- 
ing   machine,   and  baring   two 
branches  d  and  e,  the  fbniier  of 
which  admitsa  portion  of  sh  above 
the  fuel,  and  the  latter  a  portion 
into  the  ash-pit,  below  the  fire-bars: 
two  throttle  valves  or  dampers// 
are  provided  to  regulate  the  dnft 
through  each  branch.  ^  is  a  ihort 
eyiindiieal  neck,  through  which 
the  imoke  and  heated  air  pass  into 
the  iteam-chamber,   where   they 
.   mix  with  the  steam,  and  with  it 
pass  to   the   working  cvlinders. 
-  The  neck  ^  is  covered  witb  a  valve 
k,  opening  upwards,  the  sides  of 
which  are  turned  down,  to  cause 
the  heated  air  to  pass  through  the 
water,  and  thereby  give  out  a  por- 
tion of  its  heat  to  the  water :  • 
the  safety  valve,  t  valve  by  which 
the  pipe  that  conveys  the  iteara 
to  the  engine  can  be  closed  when 
required,  t  the  pipe  by  which  the 
water  is  conveyed  to  the  bailer, 
fium  tha  feed  pump ;  the  end  of 
diis  pipe  enters  the  boiler,   and 
delivers  the  water  on  to  the  top 
of  the  valve  h ;  this  is  with  a  view  to  prevent  the  valve  getting  exce«vely  heated 
by  the  action  of  the  fire.     ™,  is  the  chimney,  or  rather  passage  by  which  tl 


id; 


by  the  action  of  the  fire,     m,  is  the  chimney,  .        -    ,  -  , 

fuel  is  introduced  into  the  ftimace ;  on  it  is  bolted  a  hopper  « it,  bavmg  at 
upper  end  a  flat  plate  or  aUdiog  valve  o,  and  another  valve;)  at  its  lower  -' 
these  valves  slide  in  groove^  and  are  moved  by  means  of  a  rack  and  p 
they  are  ground  on  their  seats  K>  as  to  form  an  air-tigbt  jomt,  and  durmg  the 
whole  time  the  engine  ii  in  operaUon,  the  ehimney  is  kept  closed  by  one  or 
other  of  the«.  valves.  To  kindle  the  fire  before  starting,  the  valves  o  and  pare 
both  opeued,  and  a  quantity  of  lighted  tat]  put  in  first  through  the  hopper,  and 
fresh  f£el  heaped  upon  it,  and  wfien  the  whole  ii  thoroughly  igmled  the  valve 
p  is  closed,  and  the  blowers  set  in  operation.  When  the  engine  is  set  to  woi^ 
It  forces  a  quantity  of  air  into  the  fntnaee  both  above  and  below  the  fiiel  at 
each  stroke,  which  having  no  vent  to  e*cai>e  but  the  valve  h,  accumulates  in  t^ 
furnace  nutU  its  prewure  somewhat  exceeds  that  of  the  steam  upMi  the  valve  *, 
when  il  lift*  the  valve,  and  rising  up  through  the  water  mixes  with  the  lleam. 
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and  peiiei  along  with  it  to  tlie  »nginc«.  (  ii  a  ilidvr,  by  oj 
framlhefumacccsnbewilbdrawn;  «ben  ihiaiiTcqaiiilelfaedi 
first  dosed,  c  ii  the  btow-oS' cock  by  wliich  the  water  can  bedndtugnd  from  tk« 
boiler  when  required,  atid  iciia  hole  covered  by  a  door,  for  remoritig  any  mud,  ttt. 
which  may  have  accumulated  :  at  f  ii  a  glau  gauge  to  ahow  tba  heiglit  at  (lie 
water  in  the  boiler,  and  at  ji  ii  a  glaxi  eyepiece,  through  which  the  atalA  of  ibo 
Sre  can  be  oacertained,  and  i  is  ibe  man-bole  by  which  admiaaioD  ta  obtainad 
into  the  boiler. 

STEAM  Navigation,  the  naTigaling  or  propelling  venels  by  itewii. — 
In  treating  thia  subject  we  have,  for  the  aake  of  penpicuily,  and  for  eaae  of 
reference,  djtided  it  into  the  fotluwing  lectiona  :-~ 

Sicrioa  t. — UiaCorical  Oulline  of  the  Riae  and  Progreaa  ot  Ste«m  Nari- 

Section  II. — The  conatruction  and  Brrangemcnt  of  Steam  Veaieli. 
Skction  III. — The    conitruclton    ond    irrangeinent    of  Marina  Enguica, 

BoiletB,  Condenaers,  &e. 
Section  IV. — The  constructionaDdarrBngcmentoftliePropelUngMactiluerjr. 
SxcTion  V.~~On  the  Prevention   of  Accidenta   from    Exploiion.   CoIIiaioo 

Fire,  Foundering,  Sic;  with  the  Legiilntive  EnactmenCi  on  tbe  «tibject 


Froh  the  immense  importance  of  ihc  application  of  the  power  of  (team  ts 
the  purpoiea  of  navigBiion,  the  honour  of  originating  it  haa  been  aa  keeoly 
contested  aa  the  invention  of  the  steam  engine  itself,  and  it  ii  as  difGeult  in 
the  one  caae,  as  in  the  other,  to  fix  Upon  the  individual  to  whom  tbe  palm  can 
be  justly  awarded.  In  fact,  both  the  sleain  engine,  and  this  applicatton  of  it, 
must  each  be  conaidered  as  the  reault  of  lucceaaive  diacoveriei,  to  which  eren 
uDsncceasful  attempta  contrihiiied  aomethine,  hy  tbe  eapertenee  acquired,  and 
vnrioua  pheuomena  they  brought  to  lighi.  We  ahall  not,  however,  aitempl  to 
naiice  every  obscure  hint  and  crude  suggestion  on  which  daima  to  tbe  merit 
of  the  invention  have  been  advanced  in  favour  of  various  individualsi  but 
shall  briefly  advert  to  some  of  tbe  leading  facia  in  tlie  riae  and  progress  of 
thia  moat  important  invention. 

The  lirat  clear  and  distinct  announcement  of  a  practical  plan  Ibr  propelling 
vessels  by  ileam  of  which  we  ace  aware,  is  contained  in  a  work  entitledi 
"  Specimina  Ichnographica,  or  a  brief  narrative  of  aeveral  new  invenliatll," 
which  was  published  by  a  Dr.  John  Allen  in  1730.  The  first  chaptor 
describea  varioui  plans  fur  economising  fiiel,  by  placing  the  furnace  and  due* 
within  the  boiler,  so  that  they  should  be  surrounded  hy  water,  si  in  tli« 
n  veasela  of  the  present  day.    The  second  chapter  conlum  K 


6 Ian  for  moving  ships  in  a  cairn.     The  Doctor  notices  several  invenlions  whicb 
ad  previously  been  proposed  for  the  purpose,  and  observes  that  in  them 
"  tbe  motion  naa  communicated  by  machinery  working  uilhotil  the 
something  anologoua  to  oata  or  paddles,  or  hy  the  revolution  of    '     '    ~ 
by  a  capstan,  placed  within  the  thip ; "  on  tbe  contrary,  no  part 


Ihotil  the  MOf  I 
r  wheclt  fl^AJ 
oftheH^^^H 
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was  placed  outside  of  the  vessel.  His  method  was  to  form  a  tunnel  or  pipe, 
open  at  the  stem  of  the  vessel,  and,  by  means  of  a  pump,  to  force  water  or  air 
through  it  into  the  sea ;  and  by  Uie  reaction  which  this  woidd  occasion,  the 
ship  would  be  driven  forward;  therebv  accurately  "imitating  what  the 
Author  of  nature  has  shown  us  in  the  manner  of  swimming  of  fishes, 
who  proceed  in  their  progressive  motion  not  by  any  vibration  of  their  fins  as 
oars,  but  by  protrusion  of  their  tails;  and  water-fowls  swim  forward  by 
paddling  wiui  their  feet  behind  their  bodies."  The  Doctor  carried  his  scheme 
mto  practice  on  a  canal,  with  a  boat  of  considerable  dimensions,  and  worked 
his  pumps  by  manual  labour,  but  suggested  the  employment  of  a  steam  eneine 
for  that  purpose,  and  its  application  to  a  vessel  of  1500  tons  burthen.  This 
project  has  been  subsequently  repeatedly  proposed,  and  has  even  formed  the 
subject  of  several  patents,  owing  to  the  ignorance  of  the  parties  soliciting 
them. 

We  repeat  that,  in  our  opinion,  this  mav  be  regarded  as  the  first  distinct 
announcement  of  a  plan  by  which  vessels  would  be  prop^led  by  steam. 
Papin  had  proposed  a  plan,  but  it  could  not  be  carried  mto  effect  in  the  im- 
perfect state  of  the  engine  described  by  him;  and  Savery,  who  idso  suggested 
the  application  of  steam  to  move  vessels,  pdnted  out  no  method  in  wludi  the 
power  of  steam  was  to  be  applied^  But  Dr.  ^en's  plan  only  required  the 
application  of  machines  already  known  and  used  for  other  purposes,  for  it  could 
have  been  carried  into  efi*ect  by  either  Savory's  or  Newcomen  s  engines.  The 
mode  of  propelling  too  is  extremely  ingenious ;  and  although  it  may  not  be  so 
efficient  as  that  at  present  employed,  we  think  that  in  the  imperfect  and  rude 
state  of  mechanical  knowledge  at  that  time,  it  would  have  proved  in  practice  as 
eflectual  as  any  which  could  be  suggested.  It  had  this  advantage,  that  it  did 
not  require  the  conversion  of  a  rectilinear  motion  into  a  rotatory  one ;  most  of 
the  modes  of  efiecting  which,  then  known,  were  extremely  inconvenient  It 
had  also  this  further  advantage,  that  the  machinery  was  not  exposed  to  the 
force  of  the  waves  or  wind,  and  would  not  retard  Ae  vessel  when  sails  alone 
where  employed. 

A  few  years  after  the  publication  of  Dr.  Allen's  pamphlet,  Jonathan  Hulls 
devised  a  difierent  mode  for  applying  the  power  of  a  steam  engine  to  navigate 
a  vessel,  and  obtained  a  patent  for  the  same  in  1737.  The  letters  patent,  and 
a  description  of  his  plan,  were  published  in  a  tract  by  Hulls,  in  the  same  year, 
under  tne  following  title,  **  A  description  and  draught  of  a  new  invented 
machine  for  carrying  vessels,  or  ships,  out  of,  or  into  any  harbour,  port,  or  river, 
against  wind  or  tide,  or  in  a  calm.'  His  plan  was  to  impart  a  rotatory  move- 
ment to  a  paddle  wheel  (placed  at  the  stem  of  the  boat)  by  means  of  an 
atmospheric  engine.  Mr.  Galloway,  in  his  History  of  the  Steam  Engine,  says 
that  Hulls  proposed  to  obtain  a  rotatory  action  of  the  wheel,  from  the  alter- 
nating action  of  the  engine,  by  means  of  a  crank ;  but  this  is  a  mistake,  as  will 
be  seen  from  the  annexed  sketch  of  his  plan,  which,  although  extremely 
ingenious,  was  certainly  not  so  simple  as  the  crank  movement  In  order  to 
show  the  parts  more  clearly,  we  have  drawn  those  wheels  which  are  placed  on 
the  same  axis  of  different  sizes,  although,  in  the  original,  they  are  all  shown  of 
equal  size. 

a  6  c  are  three  wheels  firmly  fixed  on  an  axis  d,  and  e  and/  are  two  loose 
wheels,  on  another  axis  g;  the  wheels  e  and  /  have  ratchets  A,  so  that  they 
move  the  axis  g  only  when  they  move  in  a  forward  direction ;  A;  is  an  atmo- 
spheric engine,  the  piston  of  which  is  suspended  from  the  wheel  6  ;  from  the 
wheel  Of  a  rope  /  proceeds  to  the  wheel  e,  and  a  rope  m  proceeds  in  a  reverse 
direction  from  the  wheel  c  round  the  wheel/,  and  another  rope  attached  to  the 
wheel  /,  coming  over  the  pulley  n,  has  a  weight  o  attached  to  the  end  of  it ; 
this  weight  should  be  a  counterpoize  to  about  one  half  the  effective  pressure 
upon  the  piston  of  the  engine.  Upon  the  axis  g  are  fixed  a  number  of  arras 
p  p,  to  the  extremities  of  which  are  attached  paddles  or  float  boards.  The 
descent  of  the  piston  carries  round  the  wheels  a  o  c  in  a  forward  direction,  and 
the  rope  /  drags  the  wheel  e  round  in  the  same  direction,  and  with  it  (by  means 
of  the  ratchet)  the  axis  of  the  paddle  wheel.     In  the  mean  time  the  rope  m  has 
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ilrajged  llie  wheel  /  round  in  ■  rerene  direction,  and  hu  raind  iLe  «.  _    „„ 
Al  the  lerminntion  of  tbeilroke  of  the  piston,  the  weight  o  deaomds,  snd  eSB-   ' 
iiiiuei  the  rotation  of  the  paddU  trbee),  and  at  ibe  tarns  time,  raiwa  the  plUon 


engine.  „ 

Bolh  Allen'a  and  Hnlli'  ptuu  were  (ufflcientlj  clear  and  explicit,  and  h 
they  been  judiciaull)'  carried  into  execution,  even  with  the  means  then  at  com- 
mand, must  have  heen  attended  with  a  moderate  thare  of  succeu,  btit  neither 
were  acted  upon,  and  for  nearly  half  a  century,  the  lubject  of  steam  naiigatiorn 
■Pemi  to  have  remained  in  abeyance.  But  during  ihia  interval.  Watt  bad 
introduced  bis  slupendoua  improvementa  in  Ibe  steam  engine,  by  which  be  not 
merely  augmented  ita  etfecUveneas,  hut  also,  infinitely  enlarged  the  sphere  o( 
it!  Bpplicahdity,  by  abawing  that  its  utility  was  not  limited  to  the  drawing  of 
mines,  to  which  purpose  alone  it  had  been  hitherto  confined,  but  that  it  wia 
imivcrsally  applicable  as  a  prime  mover  of  machinery. 

Aa  men  became  acquninted  with  the  powers  of  Ibe  engine  in  its  improved 
form,  it  was  gradually  called  into  requisition  for  various  purposes,  and  atieinpti 
to  apply  it  lo  propel  vessels  seem  to  have  been  instituted  at  neatly  the  aamc 


About  the  year  1783,  Mr.  John  Fitcb,  an  American,  tppean  to  have 
succeeded  in  moving  a  boat  on  the  Delaware  by  poddies  worked  by  a  steam- 
engine  ;  and  he  subsequently  conslructed  auotber  vessel  of  larger  liie  i  but 
ultimately  the  icbeme  was  abandoned. 

Contempornneously  wiih  Fitch,  a  Mr.  Rumsey  of  Virginia  appears  to  ba»B 
been  occupied  with  the  idea  of  navigating  by  iteani.  In  17B7  he  made  some 
short  trips  upon  the  Potomac,  in  a  vessel  about  fifty  feet  long,  which  waa 
propelled  by  pumps  worked  by  a  sleam  engine — the  plan  (as  we  have  just 
seen)  originally  proposed  by  Doctor  Allen.  The  cxpiirimcnt  being  eventualljr 
given  up,  be  came  to  England,  where  he  found  parti™  to  advance  the  funds  for 
■noiher  experiment;  and  altliough  he  unfortunately  died  before  the  whole  of 
the  arrBiigements  were  completed,  the  vessel  was  got  afloat  early  in  the  yeat 
1703,  and  made  several  trial  voyages  on  the  Thames,  realising.  It  is  said,  a 
speed  of  four  knots  an  hour  agaitml  wind  and  tide.  If  this  were  really  the  fact, 
it  seems  inconceivable  that  the  attempt  should  have  been  relinquished  (a*  it 
unfortunately  was),  for  such  a  performance  could  scarcely  be  deemed  a  U" 
Bl  that  period,  eepeclally  if  considered  ns  a  first  attempt. 

It  has  been  slated,  that  the  earliest  attempts  to  propel  vessels  hyst 
in  this  country  were  made   by  Mr.  Miller,  at  Dalswinton,  in  Scotlandja 
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than  it  tome  ground  for  beliaving  that  Mr.  Miller's  igeDcy  wm  nitfan  in  the 
chuacteroTa  patron,  than  that  of  an  inventor.  Itieemi  that  Ut.  Miller,  in  1787, 

CublUhed  a  description  of  a  triple  boat  mored  by  wheeU,  with  which  he  had 
i.'eu  experimenting,  to  aicertwa  the  comparaliTe  velocity  with  those  moved  bj 
ordinary  oars;  and  in  this  pamphlet  ho  ohierved  that  the  power  of  ileam 
might  be  employed  to  give  them  a  quicker  motion.  A  limilar  luggeition  hw 
been  attiibnled  to  M  r.  Taylor,  who  was  a  tutor  in  the  bouse  at  DHlmiDlou,  and 
for  which  he  hat  been  regarded,  hy  some  writen,  ai  the  inventor  of  iteam 
navigation.  Under  the  imprenion  that  nich  waa  the  fact.  Lord  Brougham 
advocated  the  claims  of  the  widow  of  the  late  Hr.  Taylor,  and  succeeded  in 
obtaining  a  small  pension  for  her,  in  consideration  of  her  husband's  public 
■ervicea.  A  third  elainunt,  however,  having  a  better  title  to  the  honour  of 
originating  thia  important  invention,  appean  in  the  person  of  Mr.  Symingtan, 
who  was  introduced  to  Hr.  Miller  in  ihe  early  part  of  his  experiments  on  the 
enrnparative  merits  of  oan  and  paddle  wheels ;  and  hy  which  of  these  three 
gentlemen  the  idea  of  applying  steam  power  to  move  the  paddles  originated, 
M  quite  immaterial.  But  it  is  not  queationed  that  Symington  actually  applied 
bis  steam  engine  to  turo  Miller's  paddle  wheels,  attached  to  a  twin  boat,  I)  iiW 
in  a  lake  near  Dalswiu ton- bouse.  Symington  had  previously  obtained  a  patent 
for  his  steam  engine,  and  shown  its  application  in  a  small  model  of  a  steam 
carriage.  The  transition  of  turning  the  wheels  of  a  boat,  instead  of  those  of  a 
carriage,  was  so  easy  and  obvious,  that  Symington  did  it  out  of  hand,  and  made 
several  trials  of  it  in  1788,  which  proved  so  tatiafactory,  and  so  delighted  Mr. 
Miller  and  his  numerous  visitors,  that  he  immediately  detenniued  to  commence 
another  boat  on  a  greater  scale  than  the  Grit.  The  macliinery  required  for  this 
purpose  was  obstructed  at  the  Carron  «aiks,under  the  direction  of  Symington, 
and  was  applied  to  a  double  boat  sixty  feet  long,  which  had  been  used  lor 
Miller's  previous  experiments.  A  trialof  this  vessel  was  made  on  tbeFonb  and 
Clyde  GHUal,  in  October  17H9,  and  was  found  so  efficacious,  that  she  glided 
through  the  water  at  the  rate  of  neatly  six  miles  per  hour.  The  mechanical 
artangement  of  this  vessel  was  precisely  the  same  aa  the  former,  the  only 
alteration  being  its  increased  dimensions,  afibiding  strong  presumptive  evidence 
of  practical  success,  and  hence  tendering  a  description  of  its  construction  of 
the  deepest  interest  in  a  scientific  point  of  view ;  which  we  shall  now  proceed 
to  give,  with  reference  to  the  annexed  sketch,  which  represents  a  loogitudiikal 
section  of  the  vessel  and  its  machinery. 


e  the  cylinders  of  tlie  engines,  which  are  a  modification  O-  — _ 
atmospheric  engine  as  patented  by  Mr.  Symington;  bb  are  tfae nozzles ;  c  the 
plug  beam  for  working  the  valves  ;  if  J  the  air  pump  rods  ;  e  e  connecting  chains ; 
//direction  pulleys  ;  gg  the  paddle  wheels,  situated  and  wrought  in  a  trough, 
extending  from  the  stem  to  the  stem  of  the  boat,  and  allowing  free  ingress 
and  egress  to  the  water ;  A  A  ratchet  wheels,  for  communicating  motion  to  the 
paddle  wheels.  The  level  of  the  water  ii  expressed  by  the  horiiontal  line 
aliidi  the  boiler  is  at  £■ 
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To  «*oid  tienching  apoD  the  airwuiag 
claiiDi  Kt  up  by  Mr.  W>tt  in  the  ■pecific*- 
tioni  of  bit  patents,  Mr.  SrnUDgtoD  ml 
compelled  to  retort  lo  teveral  peculiar  cod- 
trivancMj  wbich  «re  (ball  proceed  toexbibit 
b;  tbe  wirexed  enlarged  lectJon  of  tbe 
engine  only,  taken  from  Mr-  Sjiningto^ 
Jnnior'i,  aecount  in  Uie  Mechanic'i  MagaziDe. 
It  bad  two  cylinders  open  to  the  •tmoapBere 
at  tbe  top,  and  eacb  cylinder  had  two  piitom, 
tbe  lower  ones  acting  as  air  pumps  :  a  and  i 
are  the  cylinders;  a  being  in  the  act  of 
receiving,  and  b  ai  condensing  tbe  ateam; 


E  the  a 


.      1^1^  B1 


„p*f.er 


producing,  by  their  allernate  action  on  the 
ratchet  wheeli,  a  rolatory  motion  ;  erare 
the  eihaiuting  piatons;  //steam  T^vea;  ga 
exhausting  valves;  A  A  foot  valvei ;  iicli*- 
cbarge  valveaii/injecling  pipes;  mthebeam. 
Nolwitbetanding  the  decided  lucceai  of 
the  experiment,  Mr.  Miller,  most  unfor- 
tuiiBlcly,  auiidenly  Bbsndoned  the  acheme, 
and  Mr.  Symington,  not  having  the  necnaair 
funds  himself,  was  unable  at  tbat  time  to 
follow  it  up.  In  1801,  however,  be  cmd- 
meticed  a  aeriea  of  experiments  on  the  Forth 
and  Clyde  canal,  under  the  auspices  of  Lord 
DundaB,ofKerse,  with  the  viewofsuhitifnting 
the  power  of  sleam  for  that  of  hoisH 
in  lowing  vessels  on  canals.  These  expoi' 
ments  were  highly  successful,  but  the  proprieton  of  the  canal,  apprehending 
tbat  tbe  undulation  created  in  tbe  water  by  the  paddU  wheels  would  injutv  tb« 
banks,  would  not  adopt  the  plan,  and  to  crown  Mr.  Symington's  disappointment, 
the  Duke  of  Bridgewater,  who  was  in  treaty  with  Mr.  Symington  for  the  em- 
struction  of  eight  tug  veasela  for  the  use  of  his  canals,  died  about  the  same  time, 
Mr.  Symington  receiving  the  news  of  his  death  on  the  same  day  that  the  deciiiaii 
of  the  canal  proprietors  was  notified  to  bim.  These  accumulated  disappaint- 
menla  appear  to  have  been  too  much  for  his  spirit,  and  he  retired  from  tbe 
punuit  in  despair. 


Tbe  cut  above  represents  B  partial  section  of  the  CharlclU  Dundat,  ooe  of 
the  vessels  constructed  by  Mr.  Symington  for  Lord  Dnndu,  and  which  in  tba 
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month  of  March,  1803,  towed  two  laden  boats,  of  70  tons  each,  a  distance  of 
19^  miles  along  the  summit  le^el  of  the  canal,  at  the  rate  of  3^  miles  per  hour, 
with  a  strong  breeze  right  a-head.  The  Fessel  was  fitted  with  a  cylinder  of  22 
inches  diameter,  and  4  feet  stroke. 

At  a  is  the  cylinder,  placed  horizontally ;  h  friction  rollers  supporting  the 
cross  head  of  the  piston  rod ;  from  the  underside  of  the  cross  head  short  arms 
e  project,  to  which  are  attached  side  rods  d^  giving  motion  to  the  bell  crank 
lever,  which  works  the  air  pump  rod,  as  also  the  plug  frame  e,  which  regulates 
the  valves  to  the  boiler ;  g  the  steam  pipe ;  h  h  tne  steam  valves ;  t  i  eduction 
valves ;  k  eduction  pipe ;  /  the  condenser,  which,  with  the  air  pump  m,  is 
placed  in  the  cistern  fi ;  o  is  the  man-hole  ;  p  the  safety  valve ;  a  the  paddle 
wheel,  situated  in  a  cavity  in  the  centre  of  the  stem  of  the  vessel,  which  was 
open  below  and  behind  to  the  water ;  r  the  crank ;  «  the  connecting  rod.  The 
boat  was  steered  by  two  rudders  connected  by  iron  rods,  and  wrought  in  the 
fore  part  of  the  vessel  by  the  steering  wheel,  t. 

About  the  time  that  Sjrmington  retired  heart-broken  from  the  field,  a  new 
adventurer  appeared  upon  it,  who  was  destined  to  achieve  for  steam  navigation 
a  station  from  which  it  never  after  receded,  but  on  the  contrary,  has  progressed 
rapidly  to  the  present  time.  This  was  the  celebrated  Fulton,  who,  by  his 
energy  and  perseverance,  finally  overcame  the  difficulties  of  all  kinds  which 
opposed  him  in  the  undertaking,  and  is  generally,  and  in  one  point  of  view 
perhaps  not  unjustly,  considered  the  inventor  of  steam  navigation. 

Fulton,  who  was  bom  in  Pennsylvania,  came  over  in  1786  to  England,  where 
he  continued  to  reside  many  years,  during  which  time  he  became  uiown  to  the 
Duke  of  Bridgewater,  Earl  Stanhope,  Dr.  Cartwright,  and  other  individuals 
occupied  with,  or  taking  an  interest  in,  steam  navigation,  with  some  of  whom  he 
corresponded  upon  the  subject.  In  1796  he  proceeded  to  Paris,  where  he 
became  acquainted  with  Mr.  Livingstone,  then  minister  frt>m  the  United  States 
to  the  French  government  Mr.  Livingstone  had  been  engaged  in  some  expe- 
riments in  steam  navigation  in  America,  and,  impressed  with  the  importance  of 
steam-boats  to  his  native  country,  he  advised  Fulton  to  turn  his  mind  to  the 
subject.  It  was  agreed  between  them  to  embark  in  the  enterprise,  and  imme- 
diately to  make  such  experiments  as  would  enable  them  to  determine  how  far, 
in  spite  of  former  failures,  the  object  was  attainable,  and  to  Fulton  was  left  the 
principal  direction  of  these  experiments.  In  the  course  of  these  experiments, 
which  were  principally  made  with  small  models,  he  tried  many  of  the  modes  of 
propulsion  which  had  been  at  various  times  proposed,  as  pumps,  endless  chains 
with  floats,  &c.  He  likewise  appears  to  have  returned  to  England  for  a  short 
time,  and  to  have  visited  Mr.  Symington,  .whilst  the  latter  was  engaged  in  liis 
experiments  on  the  Forth  and  Clyde  canal ;  and  it  is  stated  that  Mr.  Symington, 
to  oblige  him,  got  up  the  steam  on  board  the  vessel,  (the  Charlotte  Dundas,) 
and  proceeded,  with  Mr.  Fulton  on  board,  about  4  miles  and  back,  and  that  he 
fiiniished,  or  allowed  Mr.  Fulton  to  take,  notes  and  sketches  of  the  boat  and 
apparatus.  Mr.  Fulton  finally  decided  in  favour  of  paddle  wheels,  and  pro- 
ceeded to  construct  an  experimental  vessel  on  the  Seine.  The  length  of  the 
vessel  was  66  feet,  and  her  width  8  feet,  and  in  the  autumn  of  1803  he  made 
a  trial  of  her,  from  which  he  acquired  such  confidence,  that  orders  were  trans- 
mitted to  Boulton  and  Watt  to  prepare  a  steam  engine  to  be  sent  to  New  York, 
and  Fulton  returned  to  England  to  watch  its  progress.  In  1806  he  returned  to 
America  to  construct  the  vessel,  and  in  the  spring  of  the  year  1807,  she  was 
launched ;  and  the  engine  was  fixed  in  her  by  fioiUton  and  Watt's  men.  This 
vessel,  whose  renown  will  outlive  that  of  the  Argo,  was  named  the  Clermont ;  she 
was  133  feet  long,  7  feet  deep,  18  feet  wide,  and  160  tons  burthen.  The  steam 
cylinder  was  2  ^et  diameter,  with  a  4  feet  stroke;  the  paddle  wheels  were 
15  feet  in  diameter,  the  floats  were  4  feet  wide,  and  dipped  in  the  water  2  feet. 

Early  in  the  autumn  the  vessel  started  on  her  first  titp,  which  was  to  Albany, 
distant  about  150  miles;  which  distance  she  accomplished  in  32  hours.  The 
voyage  back  was  performed  in  about  the  same  time,  and  both  in  going  and 
returning,  the  wind  (a  light  breeze)  being  ahead,  tue  whole  was  pertbrmed  by 
the  engine. 
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This  trimnphaQt  experiment  established  Fulton's  reputation ;  and  soon  after, 
this  fine  vessel  plied  between  New  York  and  Albany  as  a  passage  boaL  Her 
success  was  such,  that  a  new  vessel  of  larger  dimensions,  and  of  greater  pro- 
portionate power,  was  commenced  during  tne  same  year.  From  that  date  ateam 
navigation  was  firmly  established  in  America,  and  went  on  extending  with 
astonishing  rapidity.  Fulton  in  consequence  realized  large  sums,  but  his 
prosperity  was  not  without  alloy,  and  he  was  doomed  to  experience  the  lot  of 
most  mechanical  inventors,  who  are  too  frequently  exposed  to  mortification,  as 
well  by  the  success  as  by  the  failure  of  Qieir  schemes.  No  sooner  had  he  esta- 
blished the  practicability  of  his  plans,  than  attempts  were  commenced  to 
infringe  upon  or  evade  his  patent;  and  he  was  from  that  time  continually 
engaged  in  a  series  of  lawsuits,  to  protect  his  hard-earned  privileges.  In  con- 
sequence of  the  expense  attending  these  proceedings,  and  that  of  the  experi- 
ments he  was  constantly  engaged  in,  although  he  lived  without  ostentation  or 
extravagance,  his  afiairs  after  his  death  (which  happened  in  February,  1815) 
were  found  to  be  excessively  involved ;  and  it  is  to  be  feared  that  his  fiunily 
reaped  but  little  benefit  from  his  meritorious  labours,  which  have  been  pro- 
ductive of  such  signal  benefit,  not  only  to  his  own  country,  but  to  the  wttM  at 
large. 

Although  we  have  said  that  in  one  sense  Fulton  may  be  considered  the 
inventor  of  steam  navigation,  we  feel  that  th^s  is  not  exactly  the  position  which 
he  occupies  in  relation  to  this  invention,  and  we  use  the  term  for  want  of  one 
as  compendious,  and  at  the  same  time  more  accurate.  Strictly  speaking,  Ful- 
ton cannot  be  said  to  have  contributed  anything  to  the  invention.  As  r^ards 
the  mere  idea  of  moving  vessels  by  steam,  Dr.  Allen  and  Hulls  had  each 
invented  and  published  practicable  plans,  by  which  it  might  be  eflTected,  mora 
than  70  years  prior;  neither  was  he  the  first  to  attempt  to  realize  those  schemes, 
either  here  or  in  his  own  countr}' ;  and  if  it  be  said  that  he  was  the  first  who  at- 
tained complete  success,  we  reply  that  both  Symington  and  Rumsay  had  liilly 
triumphed  over  the  mechanical  difficulties  of  the  task,  and  the  invention  was 
completed  before  he  took  it  in  hand.  And  yet,  notwithstanding  that  this  is  (we 
think)  undeniably  trne,  it  is  in  our  opinion  equally  true  that  to  him  we  owe 
the  gift  of  steam  navigation,  with  the  various  blessings  which  it  has  bestowed. 
Although  the  invention  had  been  completed  by  others,  it  might  be  considered 
as  lost  to  society,  which  did  not  appreciate  its  value,  until  Fulton  by  his 
untiring  energy  and  perseverance,  practically  demonstrated  its  transcendant 
importance,  and  forced  conviction  upon  his  ignorant  and  incredulous  contempo- 
raries. In  corroboration  of  this  view  of  the  subject,  we  would  add,  that 
notwithstanding  Symington's  successful  labours,  it  was  not  until  nearly  ten 
years  after  their  termination  that  the  first  steam  boat  was  established  in  Great 
Britain,  and  then  principally  in  consequence  of  the  notices  which  from  time 
to  time  appeared  of  the  progress  of  steam  navigation  in  America. 

On  the  next  page  are  given  engravings  of  the  arrangements  of  a  Scotch 
steam  boat,  whicn  is  common  on  the  river  Clyde.  Fig,  1  represents  a  longitudinal 
and  vertical  section,  from  stem  to  stern;  and  Fig.  2  a  plan  of  the  same,  showing 
the  deck  removed.  Similar  letters  in  each  figure  refer  to  corresponding  parts. 
At  a  a  are  the  boilers;  b  the  chimney,  leading  from  the  flues  of  ooth  the  fires ; 
c  is  the  steam  pipe,  which  receives  the  steam  from  both  the  boilers,  and  con- 
veys it  by  a  cross  tube  to  the  two  cylinders  d  </,  through  the  valve  boxes  Biff, 
The  air  pumps  e  e  are  worked  by  the  main-beam,  and  the  eccentric,  for  giving 
motion  to  the  valves,  is  shown  at  ^.  h  h  paddle  wheels  ;  i  one  of  the  paddle 
boxes  in  section.  At  j  is  the  fore  cabin,  k  the  af^er  cabin,  o  o  the  staircases, 
/  /  /  the  framing  of  timber,  which  supports  a  platform  or  deck,  (commonly  called 
the  gangway,)  which  nearly  surrounds  the  hull  of  the  vessel. 

No  attempts  were  msde,  we  believe,  to  perform  sea  voyages  by  steam  boats, 
until  the  year  1818;  when  they  were  established  by  Mr.  David  Napier. 
Shortly  afterwards,  the  Irish  mails  were  conveyed  between  Dublin  and  Holy- 
head by  regular  steam  packets. 

At  length  the  longest  voyages  were  attempted  by  steam.  Tn  the  year  1825, 
the  Enterprise,  a  vessel  of  470  tons  burthen,  and  120  lioi-ses.  power,  sailed  for 
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India.  She  left  Ihe  laud  on  [be  lOtb  oF  Au^il,  and  readied  CalcalU,  Dee.  T, 
I82S  ;  being  113  daj'i  from  the  land  to  Dlamoiid  Harbour.  She  used  boJi 
■aili  and  tteam.  The  gieatail  run  b;  wil  in  2'!  hoiln  was  21 1  niilei ;  the  leut 
39  miles.  The  greateai  run  by  aleasi,  Buistcd  by  sail,  «na  225  miln;  tbe 
leaii  80  milet.  She  iteuned  64  day»,  and  the  leit  of  ihe  time  was  nndtr  aaU. 
The  consuniplion  of  coal  wai  5S0  chaldroni,  or  about  9  chaldnitii  per  daj. 
She  rendered  euenlial  servicei  lu  our  aimi  during  the  Burmeie  war. 

A  recent  application  of  the  power  of  Etf  am,  which  ii  calculated  to  be  ofiignal 
benelit  to  Ihe  cooimerdal  niaiine  of  thii  country,  ia  the  em|iloynient  of  it  on  ■ 
limited  >cale  u  all  auxiliary  to  ahipping  during  calmi  and  light  ain.  One  of 
the  first  veisela  in  which  ateom  via  so  applied  whs  the  Maria,  of  460  loiu 
regiacer,  which  toiled  Id  Bombay.  She  was  bited  with  a  propelling  apparstu*, 
the  inventiuu  of  Mr.  J.  Melville,  and  designed  priacipafly  fur  the  putpoae  of 
propelling  aailitig  veuels  in  calms,  to  which  purpuic,  it  appean  to  ui  to  b« 
extremely  well  adapted.  The  annexed  figure  sliowi  an  eleratran  of  th* 
upparaliu  as  applied  to  the  Sfaria-  a  'u  the  engine  shall,  litualed  betiTeea  th« 
two  propelling  shafts,  b  and  c.  These  three  shafts  ire  caused  to  revolve 
together  with  equal  velocities,  by  means  of  three  spur  wheels,  of  equal  diameter, 
fixed  one  upon  each  shaft  within  the  vessel ;  and  therefore  iliown  by  dollMl 
lines.  Upon  the  outer  euds  of  the  shalli  b  and  c  are  fixed  tlie  cranlu  tf  and  r, 
ID  diainctricBlly  oppiHile  direclions,  >o  (hat  they  remain  constaolly  parallel  to 
each  other;  but  whilst  one  crank  is  ueeiidiog,  the  other  is  dcKending;  /andy 
are  the  propelling  leiers,  or  stems,  to  the  lower  ends  ot  which  the  floats  n  sad  a 
are  attached.  These  lever*  turn  upon  thepinnf  tlie  propelling  cranks  tfatid  «, 
and  are  guided  in  their  motions  by  the  radius  rods  h  aud  J,  connected  to  ihtii 


appti  ends.  The  Tadini  rodi  are  connected  tn  a  east 'iron  frame,  t,  nhleh  ia 
aupported  on  (wo  brackets,  J/,  attached  lo  the  sideof  thevesseh  The  principal 
dimepiions  of  the  apparatus  are  as  follows ; — 

Diameter  of  cylinder D     10{ 

Length  of  stroke 2 

Diameter  of  the  spur  wheels  at  (he  pilch  lines  ' 
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Feet  In. 

Diameter  of  the  paddle  cranks    ; 3  0 

Breadth  of  paddles 2  0 

Depth  of     ditto 2  0 

Suhseoaently  to  the  iDstance  of  the  MariOf  numeroiu  vessels  have  heen 
fitted  witn  auxiliary  steam  power ;  and  *'  auxiliary  steamers  "  are  now  employed 
on  several  trading  lines.  These  heing  huilt  expressly  for  the  purpose,  have,  in 
most  casesy  screw  propellers.  Amongst  the  largest  of  these  vessels  is  the 
Antelope^  of  600  tons,  and  the  Emerald,  of  700  tons,  and  50  horse  power, 
trading  between  London  and  Belfast;  and  the  Sarah  Sandt,  of  1000  tons^ 
trading  between  Liverpool  and  Rio  Janeiro. 

The  government  likewise  appear  to  appreciate  the  advantages  which  may 
accrue  to  the  navy  from  the  application  of  steam  as  an  auxiliarv.  In  addition 
to  several  guardships  at  the  different  ports  so  equipped,  the  Amphion,  36  gun 
frigate,  of  about  1500  tons  burthen,  has  been  fitted  with  a  screw  propeUer, 
dnven  by  engines  of  300  horse  power.  By  means  of  this  steam  power,  she 
can,  it  is  stated,  command  a  speed,  under  ordinary  circumstances,  of  nearly 
7  knots  per  hour  under  steam  alone ;  and  with  steam  and  sail  combined,  a 
speed  which  in  all  cases  shall  render  her  superior  to  every  other  mere  sailing 
ship  she  may  meet  with.  Another  *'  auxiliary  "  frigate,  the  Arrogant,  of  1850 
tons  and  360  horse  power,  with  a  screw  propeller,  is  building. 

ThefoUowing  Table  contains  some  of  the  dimensione  of  the  htdl  and  madiinery  f^ 

iome  of  the  largeH  steam  veeada  yet  huilt* 


DXllBVtIOVt. 


Oreat 
Western. 


Terrible, 
Steam 
Frigate. 


Sxtzeme  length    .«••«• 

Ditto,  under  Deck 

Ditto,  Keel 

Breadth  within  the  Paddle  Boxes 

Ditto,  including  ditto    .... 

Depth  ofHold  at  Midships    .    . 

Tons  of  Space 

Tonnage  of  Engine  Room      .    . 

Total  Tonnage 

Power  of  Engines 

Diameter  of  Cylinders  .... 

Length  of  Stroke 

Diameter  of  Paddle  Wheels  .    . 

Total  weight  of  Engines,  Boi]en\ 
and  Water / 

Total  weight  of  Coals,  20  days'! 
consimiption j 

Total  weight  of  Cargo  .... 

Draught  of  water  with  the  above') 
weight  of  Stores  .    .    .    .     j 


236 

212 

205 

S5.4 

59.8 

232 

679| 

641| 

132! 

450 

73 

7 

28.9 

480 

600 
250 
16.8 


226.2 
42.6 

27.4 


1850 


British 
Queen. 


18.9 


275 

245 

225 

40 

64 

27.6 

1053 

963 

2016 

500 

77i 

7 

30.6 

500 

750 

750 

16.7 


President. 


265 

238 

220 

41 

64 

23.6 


1840 

540 

80 

31 
500 

750 

750 

17 


Great 

Britain. 


322 

289 
51 

36 
1000 

34(3 

4of88 
6 

740 
1000 


feet. 


>i 


•f 


>f 


i> 


16 


tons. 

it 

>» 
horses, 
inches, 
feet. 

t* 
tons. 

*t 
tt 

feet 
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SECTION  II. 

THE  CONSTRUCTION  AND  ARRANGEMENT  OF  STEAM  VESSELS. 

Dlflhmicet  betweem  Steam  and  Sailiag  Teaads. — Form  and  Propovtioitt. — Resistance. — Beanlby^ 
Experiments. — Runell's  Experiments. — Remarkable  deriatioas  from  the  aasnmcd  Imrn  of 
Telocity. — "  The  solitary  ware  of  progression  "  not  dependent  apon  form  or  Telocity,  but  vpaa 
the  depth  of  the  fluid. — Mr.  Houston's  accidental  discwreiT  of  a  diminution  of  leeistanee  at 
certain  increased  Teloctties  of  motion. — Vorm  of  Tesael  of  least  resistance. — The  **  WtfTe**^ 
lines  of. — Sir  J.  Robison's  Experiments. — ^Mr.  Oldham's  sunestion  tot  improTed  expen- 
mental  apparatus. — Tables  showing  results  of  experiments.— Proportion  of  povrer  to  tonnage 
or  admeasurement — Velocity  of  the  great  American  steam  raft. — Approximate  Tables  of 
tannage,  power,  and  consumption  of  ftMO. — Mr.  Moigan's  assignment  of  due  proportion  of  power 
to  tonnage. — Dimenaipos  of  scTeral  Goremment  steam  packets. — Specification  for  constructiiY 
600  ton  steam  pa^et. — Diagrams  of. — Separate  water-ti^t  iron  bulkheads. — Mr.  Lnns's 
-     '->iagon^Pli   ••  .        -  -     ~.  .  ..      . 


method  of  Diagonal  Planking. — Iron  Teasels — adTanlages  of. — Dimensions  of  the  iron  steam 
boat  **  Alburkidi. " — Construction  and  dimensions  of  the  hnll  and  machinery  of  the  great  iran 
ateam  ship,  **  Grsat  Britain.** — Twin  boats. — ^The  great  American  ste<un  raft. — Snodgmss^ 
twin  boats. — Gemmel's  twin  boats. 

In  proceeding  to  describe  the  form  and  construction  of  steam  boats,  we  shall 
commence  by  noticing  the  points  in  which  they  most  differ  from  sailing  vessels. 
As  the  wind  is  generally  more  or  less-oblique  to  a  vessel's  course,  or  directed 
against  the  side  of  the  vessel,  and  as  the  centre  of  effort  of  the  sails  in  a  ship 
is  at  a  considerable  height  aix>ve  the  longitudinal  axis  of  rotation,  the  wind 
acta  with  considerable  leverage  upon  the  sails  and  masts,  to  cause  the  ship  to 
heel,  or  incline  over  to  one  side:  to  counteract  this,  and  impart  sufficient 
lateral  stability,  or  stiffness,  the  breadth  of  sailing  vessels  requires  to  bear  a 
greater  proportion  to  the  length  than  is  necessary  in  steam  vessels :  the  whole 
of  the  impelling  force  in  the  latter  being  exerted  in  the  line  of  the  vessel's 
course.  Sailing  vessels  likewise  require  to  be  of  ereater  comparative  depth 
than  steamers,  to  prevent  their  being  driven  lateraUy  out  of  their  course,  (or 
to  leeward,  as  it  is  termed,)  when  the  wind  is  contrary ;  steamers  being  capable 
of  proceeding  directly  head  to  wind,  the  point  to  be  chiefly  attended  to  is,  that 
the  form  of  the  hull  be  such  as  to  oppose  the  least  resistance  to  its  direct  progress ; 
and  as  the  resistance  depends  chiefly  upon  the  area  of  the  immersed  transverse 
section,  their  breadth  and  depth  are  generally  considerably  less  than  &at  of 
sailing  vessels  of  the  same  tonnage,  and  the  requisite  capacity  is  obtained  by 
a  proportionate  increase  of  length ;  thus,  whilst  in  sailing  vessels  the  breadth 
is  rarely  less  than  one-fourth  of  the  length,  in  steam  vessels  it  is  frequently 
only  one-seventh.  Other  advantages  likewise  result  from  this  change  in  the 
proportions:  steam  vesseb  being  employed  chiefly  as  coasters,  their  light 
draught  of  water  enables  them  to  enter  harbours  which  would  otherwise  be 
inaccessible  to  them.  Their  increased  length  also  assists  in  preserving  their 
parallelism,  upon  which  their  velocity  greatly  depends ;  and,  as  they  do  not 
pitch  so  suddenly  nor  so  deeply  in  heavy  seas,  they  hold  their  way  better,  and 
the  hull  and  machinery  are  less  strained.  Their  increased  length  likewise 
affords  greater  accommodation  for  passengers,  which  is  a  very  great  advantage. 

Retitiance  of  Floating  Bodies. — The  question  as  to  the  best  form  for  vessels, 
is  one  which  has  long  excited  much  attention  in  this  and  foreign  countries. 
Many  attempts  have  been  made  to  determine,  both  by  mathematical  deduction 
and  by  experiments,  the  amount  of  the  resistance  of  water  to  bodies  of  different 
forms,  and  the  form  of  least  resistance.  But,  since  tlie  application  of  steam  to 
the  purpose  of  navigation,  the  question  becomes  still  more  interesting;  as, 
from  the  great  expense  of  steam  compared  with  wind,  as  a  propelling  power 
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for  vessels,  and  the  space  occupied  by  the  machinery,  which  tends  greatly  to 
limit  the  room  that  can  be  allotted  for  fuel,  and,  consequently,  the  time  which 
steamers  can  keep  at  sea,  it  becomes  of  the  utmost  importance  to  economise 
the  power,  by  reducing  Uie  resistance  as  far  as  possible.  The  question  also 
admits  of  nearer  approaches  to  accuracy  in  the  solution  in  the  case  of  steamers 
than  in  that  of  sailing  vessels,  as  experiments  may  be  conducted  so  as  to 
assimilate  more  to  practice  in  the  former  case,  than  in  the  latter.  The  pro- 
pulsive action  of  steam  is  likewise  more  direct  than  that  of  wind,  and  its  force 
more  constant  and  easily  computed  than  that  of  the  wind,  which  is  constantly 
vaiying,  and  cannot  be  accurately  estimated. 

Bemtfoy'i  ExperimenU. — ^The  most  extensive  sets  of  experiments  upon  the 
resbtance  of  fluids  to  floating  bodies,  are  those  instituted  in  Sweden,  under 
the  sanction,  and  at  the  expense,  of  the  Society  of  Iron  Masters  of  Stockholm, 
and  the  experiments  which  were  commenced  in  this  country  by  the  Society  for 
the  Improvement  of  Naval  Architecture,  but  which  were  subsequently  carried 
on  solely  by  the  late  Colonel  Beaufoy,  who  devoted  upwards  of  twelve  years  to 
the  experiments,  and  to  the  calculations  founded  thereon,  and  expended  several 
thousands  of  pounds  in  the  prosecution  of  his  researches.  The  results  of  his 
labours  have,  since  his  death,  been  given  to  the  world  by  his  son,  H.  Beaufoy, 
Esq.,  of  Lambeth ;  who  published  the  experiments  in  a  thick  extra  quarto 
volume,  and,  with  a  zeal  in  the  cause  of  science,  and  a  generosity,  congenial 
with  his  lather's,  has  printed  1,500  copies  '*/or  the  honour  cf  graUdtoua  du- 
tribution" 

This  work  contains  most  laborious  investigations  of  the  resistance  of  water 
to  bodies  of  great  diversity  of  forms,  and  at  ereatly  varying  velocities ;  un- 
fortunately, however,  the  conditions  exclude  circumstances  which  materially 
influence  the  result  in  all  practical  cases,  and  the  conclusions,  therefore,  must 
be  considered  rather  as  attract  truths,  than  as  pointing  out  the  results  to  be 
expected  in  practice,  unless  modified  by  allowances  for  the  actual  circumstances 
of  each  case. 

Mr.  RuueWs  Experiments. — In  order  to  render  the  deductions  of  theory 
more  consonant  with  the  results  obtained  in  practice,  J.  S.  Russell,  Esq.,  of 
Edinburgh,  conducted  a  series  of  experiments  in  the  years  1834  and  1835, 
upon  the  Forth  and  Clyde  canal,  under  circumstances  more  analogous  to  the 
cases  of  actual  practice  than  those  of  previous  experimenters.     lie  has  since 

S'ven  an  account  of  these  experiments  in  Vol.  XiV.  of  the  Transactions  of 
e  Royal  Society  of  Edinburgh,  of  which  we  shall  avail  ourselves  for  a  few 
extracts.  The  account  is  highly  interesting,  and  likely  to  prove  of  great 
practical  utility ;  Mr.  Russell  having  ascertained  the  existence  of  certain  phe- 
nomena not  before  adverted  to,  as  well  as  the  laws  which  regulate  them; 
which  throw  great  light  on  many  intricate  and  perplexing  points,  and  go  fur  to 
account  for  the  discrepancies  which  most  accounts  of  extensive  series  of  expe- 
riments exhibit. 

Mr.  Russell  observes,  that  the  law  which  connects  the  resistance  of  the  fluid 
with  the  second  power  of  the  velocity,  agrees  very  nearly  with  the  motion  of 
bodies  that  are  wholly  immersed,  and  with  the  motion  of  floating  bodies  that 
have  certain  velocities,  and  are  placed  in  certain  circumstances;  but  it  is 
widely  erroneous  in  its  direct  application  to  the  motion  of  floating  bodies  at 
higher  velocities  and  under  difierent  circumstances.  In  evenr  large  collection 
of  experiments,  examples  are  to  be  met,  where  the  resistance,  mstead  of  follow- 
ing the  law  of  the  squares  of  the  velocities  directly,  has  been  found  to  vary, 
not  only  with  every  miSerent  power  of  the  velocities,  from  the  first  to  the  fourth 
power,  but  also  in  the  inverse  ratio  of  some  of  these  powers.  Two  very 
striking  illustrations  of  this  are  given  in  the  following  experiments  bv  Mr.  Russell ; 
the  one  showing  an  increase  of  resistance,  corresponding  with  a  very  high 
power  of  the  velocity,  and  the  other  exhibiting  a  decrease  of  resistance,  with  an 
increase  of  velocity  greater  than  the  former.  They  were  made  October  18, 
1834,  with  a  floating  body  weighing  12,579  lbs.  :>- 
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Space  detcribed. 

Experiment  1.      1,000  fl. 
2.       1,000  „ 


If 


EXAMPLE    I. 
Time.        Velocity  in  feet  per  Seeoad. 
117-5  8*51 

93-5  1069 

KXAMPLE    II. 


IbUm. 


233 
425 


Experiment  3.      2,640  ft 
4.  500  „ 


302-  8*76  261 

35-  14-28  251 

In  the  first  two  experiments  it  will  be  seen  that  the  resistance  increaaea  in  a 
greater  ratio  than  the  squares  of  the  velocities,  by  nearly  15  per  cent ;  whilst 
m  the  last  two,  in  which  the  velocity  increases  from  8.76  to  14.28,  the  resoatance 
actually  becomes  less,  amounting  to  scarcely^  of  what  the  law  of  the  iq[iiare8of 
the  velocities  would  indicate. 

The  result  of  Mr.  Russell's  investigations  appears  to  establish  the  following 
conclusions  :-^ 

That  the  resistance  does  not  follow  the  ratio  of  the  squares  of  the  velocities; 
except  in  those  cases  where  the  velocity  is  low,  and  the  depth  of  the  fluid  con- 
siderable. That  the  increments  are  greater  than  those  aue  to  the  aqoares  of 
the  velocities,  as  the  velocity  improaches  a  certain  quantity,  which  ia  determined 
by  the  depth  of  the  fluid.  That  at  this  point  the  resistance  attains  a  first 
maximum ;  and  that  here,  by  certain  elements  of  the  form  of  the  body,  and  of 
the  dimensions  of  the  fluid,  they  may  become  infinite.  That  immediately  after 
this,  there  occurs  a  point  oJf  minimum,  where  the  resistance  becomes  much  lets 
than  that  due  to  the  square  of  the  velocity ;  after  which  it  continues  to  rec^ve 
increments  of  which  the  ratio  is  less  than  that  due  to  the  square  of  the  velocity. 
That  according  to  the  law  of  progression  which  has  been  established,  the 
resistance  will  reach  a  second  point  of  maximum  when  a  velocity  shall  be 
obtained  of  29  miles  per  hour,  after  which  it  will  be  rapidly  diminished  with 
every  increase  of  velocity. 

These  singular  deviations  of  the  law  of  resistance  from  a  uniformly  progressive 
ratio  arise  principally  from  two  causes,  but  slightly  (if  at  all)  adverted  to  by 
former  experimenters.  The  first  of  these  is  an  emertum  of  the  floating  body 
from  die  fluid,  due  to  the  velocity  of  the  motion  of  the  body,  and  by  which  the 
djrnamic  immersion  is  rendered  less  than  the  statical  immersion  of  the  body  in 
the  fluid.  The  second  is  the  generation  of  waves  by  the  floating  body  in  the 
direction  of  its  motion,  which  afiect  the  form  and  surface  of  the  fluid,  the 
position  of  the  floating  body,  and  of  the  resistance.  The  velocity  of  these  waves 
(which  Mr.  Russell  calls  the  tvave,  or  the  solitary  wave  of  progreuion)  depends 
neither  upon  the  form  of  the  floating  body,  nor  the  velocity  of  its  motion,  but 
solely  upon  the  depth  of  the  fluid. 

The  nrst  of  these  phenomena  had  been  slightly  noticed  by  some  previous 
observers,  but  the  fact  was  questioned  by  many  writers.  Mr.  Russell,  however, 
has  established  the  fact  experimentally,  and  has  laid  down  the  theory  by  wbdch 
it  is  to  be  accounted  for.  To  ascertain  the  fact  of  emersion,  the  following 
experiments  were  made.  A  slight  skiff'was  fitted  with  12  glass  tubes,  accurately 
graduated,  which  passed  through  holes  in  the  bottom  of  the  vessel,  and  were 
open  at  both  ends,  so  as  to  allow  the  water  to  rise  within  the  tubes  to  the  level 
of  the  water  outside  the  boat.  The  boat  thus  fitted  was  drawn  along  the  canal 
at  different  velocities,  and  the  height  at  which  the  water  stood  in  the  tubes  was 
carefiilly  noted  by  an  observer  seated  in  the  boat.  The  immersion  of  the  boat 
when  at  rest  being  2.7  inches,  the  dynamic  immersions  were  as  under : — 


MILES    PEE 

HOUR. 

Velocities. 

0 

3 

4 

5.16 

6.43 

7.25 

Dynamic  ImmersionR. 

2.7 

2.6 

2.5 

2.2 

1.9 

1.8 

J 

RUSSELL'S  EXPERIMENTS. 


667 


Having  thus  clearly  established  the  fact  by  experiment,  Mr.  Russell  gives 
the  following  proposition  in  explanation  of  it,  viz.,  that  the  pressure  downwards 
upon  a  fluid,  by  a  body  in  motion  at  a  given  velocity,  is  diminished  by  a  quantity 
equal  to  the  pressure  of  a  column  of  the  fluid,  having  the  height  due  to  the 
velocity  of  the  motion.  The  form  of  the  floating  body  is  no  element  in  the 
formula  of  emersion,  the  law  being  a  general  one,  and  havine  for  its  foundation 
this  simple  principle,  that  gravity  acting  on  a  solid  body  during  a  given  unit  of 
time  is  a  constant  quantity,  and  that  the  displacement  of  the  fluid  by  the  weight 
of  the  body,  being  a  quantity  that  increases  both  with  the  velocity  and  with 
the  quantity  of  that  displacement;  must  ultimately  be  equal  in  quantity,  as  it  is 
opposite  in  direction,  to  the  pressure  of  the  solid  downwards  hj  gravity.  When, 
however,  the  depth  of  the  fluid  is  small,  the  results  will  be  modified  by  the  wave, 
and  other  elements  of  resistance. 

With  regard  to  the  second  and  chief  cause  by  which  the  resistance  is  in- 
fluenced— ^me  wave — Mr.  Russell  concludes,  from  his  investigations,  that  the 
restoration  of  the  equilibrium  amongst  the  particles  of  the  fluid  which  has  been 
disturbed  by  the  motion  of  a  floating  boay,  is  effected  not  so  much  by  the 
generation  of  currents  in  the  fluid,  as  has  been  hitherto  generally  assumed,  as 
by  the  generation  of  waves,  which  form  elevations  in  front  of  the  moving  body. 
Iliese  waves  travel  to  a  ereat  distance,  with  a  veloci^  which  is  nearly  uniform, 
and  which  depends  solely  upon  the  depth  of  the  fluid;  and  in  channels  of 
rectangular  section  does  not  differ  sensibly  from  that  which  is  acquired  by  a 
heavy  body  falline  freely  by  gravity,  through  a  space  equal  to  half  the  depth  of 
the  fluid.  In  a  channel  5.5  feet  deep,  the  velocity  of  the  wave  is  about  8  mUes 
per  hour. 

The  resistance  will  chiefly  depend  upon  the  relative  velocities  of  the  wave 
and  of  the  vessel ;  the  resistance  increases  rapidly  as  the  velocity  of  the  vessel 
approaches  that  of  the  wave. 

when  the  vessel  moves  slower  than  the  wave,  the  elements  of  increased 
resistance  are : — 

I. — Increased  immersion  of  the  bow  in  the  anterior  wave. 

2. — Inclination  of  the  longitudinal  axis  of  the  floating  body,  so  as  to  change 
the  form  of  the  displacing  body. 

3. — Increased  vertical  section  opposed  to  resistance=thesineof  the  inclination 

4. — Increased  velocity  of  the  lateral  current. 

The  following  table  shows  the  rapid  increase  of  resistance  in  approaching  the 
velocity  of  the  wave.     It  is  extracted  from  the  experiments  of  1838. 


RXPERIMENT    I. 


EXPERIMENT    II. 


Miles  per  Hour.!  Resis.  lbs. 


5.05 
5.45 
6.49 
7.57 
7.568 


52.25 
78.5 

111. 

255. 

330. 


Velocity  of  Wave,  8  Miles. 


Miles  per  Hour. 


5.05 
6.19 
6.49 

6.8  b 
7. 


Resis.  lbs. 


95 
152 
312 
386 
392 


Velocity  of  Wave,  8  Miles. 


Let  it  now  be  supposed  that  the  vessel  had  created  a  wave  by  its  motion,  and 
suppose  it  possible  to  lift  the  vessel  entirely  out  of  the  water,  and  place  its 
centre  on  the  top  of  the  wave,  the  stem  bebg  anterior  to  the  wave,  and  its  stem 
behind  it,  and  suppose  the  vessel  to  be  of  such  form  as  to  remain  in  a  state  of 
equilibrium  on  the  surface  of  the  fluid  having  the  form  of  the  wave,  and  that 
the  velocity  of  the  vessel  be  such  as  to  keep  it  in  the  same  relative  position  to 
the  wave,  the  following  results  would  be  obtained: — 

1. — The  vessel  would  recover  its  horizontal  position,  and  would  present  the 
minimum  transverse  section  of  resistance. 
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2. — The  immenion  of  the  vessel  being  increased  by  the  height  of  the  crest  of 
the  wave  around  its  centre  of  gravity,  Che  head  and  stem  dispUeements  would 
be  diminished  (the  total  immersion  being  a  constant  quantity)  by  the  amouBt 
of  excess  of  central  displacement. 

3. — ^The  velocity  of  the  vessel  being  now  increased  beyond  that  of  the  wave^ 
the  waves  of  displaced  fluid  continually  falling  behind  the  points  where  they 
were  raised,  would  form  a  series  of  great  central  waves,  bearing  the  vessel  on 
their  summit 

When  the  velocity  is  greater  than  the  wave,  it  might  be  expected  that  the 
wave  would  be  left  behind;  but,  in  this  case,  it  should  be  observed  that  a  new 
wave  is  formed  at  ever^  instant  by  the  motion  of  the  vessel  through  the  water, 
whatever  be  its  velocity;  for  the  displaced  fluid  thrown  aside  at  the  bow 
generates  a  series  of  waves,  which  move  with  a  less  velocity  than  the  Teasel, 
and  fall  back  behind  the  bow. 

It  is  always  found  that  the  commotion  produced  in  the  fluid  at  velocities  less 
than  the  wave  is  greater  than  at  velocities  exceeding  that  of  the  wave.  The 
stem  of  the  vessel  in  the  latter  case  enters  water  which  is  perfectly  smooth  and 
undisturbed,  because  no  wave  has  previously  passed  before  the  vessel  to  produce 
any  anterior  derangement. 

It  is  to  the  diminished  anterior  section  of  displacement  produced  by  raising  a 
vessel  with  a  sudden  impulse  to  the  summit  of  the  progressive  wave,  that  a 
very  great  improvement  recently  introduced  into  canal  transport  owes  its 
existence.  The  isolated  fact  was  discovered  accidentally  on  the  Glasgow  and 
Ardrossan  canal,  which  is  a  canal  of  small  dimensions.  A  spirited  horse,  in 
the  boat  of  Mr.  William  Houston,  took  fright,  and  ran  on,  dragging  the 
boat  with  it,  and  it  was  then  observed,  to  Mr.  Houston's  astonishment,  that 
the  foaming  stem  surge,  which  used  to  devastate  the  banks,  had  ceased ;  and 
the  vessel  was  carried  on  through  water  comparatively  smooth,  with  a 
diminished  resistance.  Mr.  Houston,  perceiving  the  mercantile  value  of  this 
fact,  devoted  himself  to  introducing  on  that  canal  vessels  moving  with  this  high 
velocity.  The  result  of  this  improvement  has  been  to  bring  from  the  conveyance 
of  passengers  at  a  high  velocity  a  large  increase  of  revenue  to  the  canal  pro- 
prietors. The  passengers  and  luggage  are  conveyed  in  light  boats  about  60 
feet  long,  and  six  feet  wide,  made  of  thin  sheet  iron,  and  drawn  by  a  pair 
of'horses.  The  boat  starts  at  a  slow  velocity  behind  the  wave,  and  at  a  given 
signal,  it  is,  by  a  sudden  jerk  of  the  horses,  drawn  up  on  the  top  of  a  wave, 
where  it  moves  with  diminished  resistance,  at  the  rate  of  7,  8,  or  9  miles  per 
hour. 

It  appears,  from  the  experiments  of  1835,  that  a  vessel  has  conveyed  on  a 
canal  given  weights  with  the  following  forces  : — 


Moving  Force. 

Weight  Moved. 

Velocity. 

71.5- lbs. 

19.222  lbs. 

4  Miles  per  Hour. 

86.      „ 

19.222    „ 

4.6         „ 

112.      „ 

•     19.222    „ 

5.2 

246.      ,. 

8022       „ 

11.3         „ 

264.      „ 

9262       „ 

13.6         „ 

331.      „ 

10.262    „ 

15.1         „ 

In  these  experiments  the  vessel  which  experienced  the  least  resistance 
one  designed  by  Mr.  Russell,  and  to  which  he  gave  the  name  of  I'he  Wavt!. 

This  vessel  was  of  very  peculiar  form,  which  suggested  itself  to  Mr.  Russell 
as  a  form  of  least  resistance,  and  which  even  surpassed  the  expectations  he  had 
formed  of  the  facility  of  her  motion.  The  lines  of  entrance  are  parabolic 
tangent  arcs,  having  a  point  of  contrary  flexure  between  the  maximum  transverse 
section  and  the  stem.  The  run  is  formed  of  elliptical  arches,  and  is  by  no 
means  so  fine  as  runs  usually  are.  Mr.  Russell  was  led  to  devise  this  form, 
from  an  opinion,  confirmed  by  long  observations,  that  the  maximum  resistance 
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to  a  ▼fltttl  of  ordinaij  fivm  it  experienced  in  the  immediate  Tidnily  of  tiio 
Item ;  that  the  water  there  ie  thrown  ande  with  a  Telocity  much  greater  than 
is  rsqideite  to  remore  the  partidet  from  the  ^Miee  to  he  paned  over  hy  the 
■ueceeding  points  oi  Uie  how.  Thb  head  of  water  at  the  hoW,  instead  of  heing 
merely  thrown  aside,  b  also  thrown  upwards  and  fiirwards,  so  as  veiy  mnch  to 
increase  the  resistance  heyood  what  appears  necesssry  for  the  transit  of  the 
▼eiscl.  It  oceorred  to  him,  that  a  form  might,  perhaps,  he  obtained  which 
would  not,  at  any  giTen  Yelocitv,  raise  ^  head  of  water  ahove  the  level,  hut 
merely  give  to  the  partidet  displaced  the  minimum  of  lateral  motion  tvquired 
to  permit  the  trantit  of  the  vetteL  From  hit  invettigatioiit  he  obtained  a  curve 
whidi  appemd  to  him  to  he  a  curve  of  least  resistance,  and  the  vettd  named 
1%§  Wm99  wat  buiU  conlbrmahly  thereto;  and  the  tniUi  of  hit  theory,  being 
tested  by  experiment,  was  fully  confirmed.^  This  vessel,  when  deeply  laden, 
and  moving  with  a  vdodtjr  of  seventeen  miles  an  hour,  cantet  no  iprav,  fbam, 
tnrge^  nor  head-water  at  the  bow,  but  the  water  it  parted  tmoothljr  and  evenly 
aumder,  and  quietly  uaitet  after  the  passage  of  the  veosd ;  adhesion,  alone,  to 
the  vessel  drags  fiirwaid  a  fihn  of  adjacent  fluid ;  all  else  remaint  quiet  and 
smooth. 

The  form  of  Tk€  Wave  has  been  followed,  at  ncariv  at  circumstances 
would  admit,  in  some  steamers  recently  ooostrueted,  and  the  retultt  have  been 
highly  tatisfiietaffy.  i§ 

Sir  J,  RMtcm*$  Experiments, — ^Prior  \6  the  experiments  of  Mr.  Rnssell, 
J.  Robison,  £iq^  afterwards  Sir  J.  Robison,  had  iiMtitnted  a  series  of  experi- 
ments on  the  Forth  and  Clyde  canal,  with  tlM  view  of  ascertaining  the  best 
form  of  canal  boats.  Of  these  experiments  (to  which  those  of  Mr.  Russell 
may  be  considered  as  a  sequel,  as  they  were^  we  believe,  undertaken  at  the 
suggestion,  and  made  chiefly  at  the  expense,  of  Mr.  Robison)  he  hat  ftonished 
an  mteresting  account,  in  a  communication  to  the  Sode<^  of  Arts,  which 
appeared  in  the  TrannctioDS  of  the  Sodety  for  1883,  from  whidi  we  make 
the  following  extract:— 

**  Four  models  were  prepared  of  the  following  dimensiont— 

Ft    la.  Ft.  Ft    In. 

No.  1  was  8  3  Long,    2    Wide,  and  1     0  Deep 

„   2  „  8  3        „        2        „  16  „ 

>f   3  „  8  3        „         2        „  16  „ 

„  4  „  9  1  each  part  1  foot  wide  10  „ 

And  the  weight  of  each  187}  lbs. 

"  No.  1  wat  quite  flat  on  the  floor,  rounded  at  the  bilges,  and  perpendicular  in 
the  sides  at  the  midships  section,  but  with  a  fine  entrance  and  run. 

'*  No.  2  was  made  in  the  proportions  of  an  ordinaiy  coasting  trader. 

"  No.  3  iu  the  proportions  of  a  sharp  built  schooner. 

^  No.  4  was  a  twm-boat,  similar  in  its  dimensions  to  No.  1,  only  that  the 
breadth  of  each  portion  was  half  of  the  other  breadth :  the  depth  was  the  same. 

"  The  wdght  of  all  the  models  being  alike,  their  displacement  of  water  was 
equal,  although  their  draft  or  depth  of  immerBion  was  necessarily  difierent 

**  The  usual  way  of  trying  the  resistance  of  floating  bodies  is  by  drawing 
them  across  a  dock  or  basin  by  a  cord,  running  over  ddicatdy  hung  fmllies, 
on  a  hifh  mast,  and  with  certain  weights  attached;  the  time  is  accuratdy 
noted  which  each  form  requires  to  move  through  a  certain  space,  and  the  com- 
parative resistances  are  calculated  from  these  elements.  This  method  presents 
many  difficulties  and  disadvantages.  I  was  enabled,  however,  by  a  suggestion 
from  an  ingenious  friend  (Mr.  Oldham,  of  the  Bsnk  of  Ireland),  to  adopt  a 
much  more  summary  and  satisfactory  way  of  determining  the  comparative 
resiitance  of  the  dinerent  models;  and,  as  it  was  the  comparative  resistance 
alone  which  required  investigation,  I  had  no  occasion  to  go  through  the  mora 
tedious  process  of  trying  the  resistance  only,  and  of  incurring  the  risk  of  error 
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from  mistake  iii  reading  ufT  tb«  indJcaiiom  of  the  dynunometer.  ] 
accordingly,  a  ipai.  or  yoke,  sixteen  feet  eight  inchet  bug,  ubicb  n 
iald  100  parts  of  two  incbei  each  :  a  Bmall  eye^bolt  va>  fixed  at  each  extreniity, 
and  H  ihiAiug  hoip  wui  fitted  to  the  middle  part.  With  this  yoke  sll  the  expc- 
timenta  Here  made,  by  the  two  following  proceuei:  —  Pint,  a  model  wu 
attached,  by  a  ilender  low-linE,  to  each  eye-bolt,  and  the  baip  waa  fixed 
exactly  in  the  middle  of  the  yoke,  and  linked  to  on  outrigger  on  th«  Bteam 
Teasel,  wliich  vaa  then  «et  in  moUon  al  the  required  speed.  If  it  was  found 
that  one  of  the  models  preceded  the  other  in  coniequeoce  of  its  offering  les 
resiitance,  the  baip  waa  shifted  along  tbe  spar  lonrarda  the  sluggi&h  one,  until 
the  resistances  were  balanced,  and  the  two  models  ran  abreast  of  one  another. 
The  relative  lengths  of  the  arms  of  the  yoke  then  gave  on  inverse  meanire  et 
the  comparative  resistances  of  the  models  at  that  rate  of  speed;  thia  bang 
noted  doHn,  the  haip  was  brought  again  to  the  middle  of  the  yoke,  and  tb« 
model  which  showed  least  resistance  was,  by  degrees,  loaded  with  weighli, 
until  it  again  exactly  balanced  the  other,  and  swam  abreast  of  it ;  the  amount 
of  the  added  weigbti  being  likewise  noted,  afforded  a  second  measure  of  the 
difference  of  the  resistance  of  tbe  two  models. 

"  Each  of  these  forms  of  the  experiment  was  gone  through  with  difTerent 
pairs  of  the  models,  and  was  frequently  repeated  through  long  spacea  of  t)ie 
canal,  as  it  waa  found  that  various  circumstances  interfered  to  render  the 
resiKiances  inconstant,  such  as  approaching  nearer  to  the  one  or  other  ode  of 
the  canal,  passing  a  loaded  vessel,  or  making  a  turn  round  a  projecdng  part 
of  the  bank.  It  wu  first  attempted  lo  conduct  the  experiments  by  Cowing  the 
models  nstem;  hut  it  was  immediately  found  that  the  ripple  of  the  woke  of 
the  steamer  disturbed  the  uniformity  of  the  resistance  of  tbe  models.  Varioia 
modifications  were  then  tried,  with  more  saliafactoty  results,  and  finally  tbe 
arrangement  was  made  as  follows: — A  sporhke  a  bowsprit,  about  twenty  f<t«l  in 
length,  was  run  out  a  little  above  the  level  of  the  water  from  (he  bow  of  the 
■teamcr,  the  hasp  of  the  yoke  being  attached  by  a  link  to  tbe  point  of  the  apw. 


tbe  models  were  in  tbia  wav  kept  ahead  of  tbe  steamer  in  amoolk  water,  atul 
were  altogether  undisturbed  by  an^  rippie  or  wave." 
The  accompanying  tables  contain  the  results  of  tliesc  trials,  from  which  the 


mportant  inference  may  be  drawn,  (hat  there  is  no  form  which  will  present  ■ 
minimum  resistance  in  all  circumstances;  and  that  the  form  which  ia  easlesl 
drawn  through  the  canal  at  a  low  velocity,  does  not  possess  tbe  same  adtwi- 
tages  at  a  higher  rate  of  speed. 

By  looking  into  the  table  A,  experiment  1st,  we  see  that,  although  tbe 
reiistancG  of  No.  1  be  lo  that  of  No.  2  as  13  lo  12  when  the  velocity  a  three 
miles  per  hour,  yet,  wlien  llie  speed  is  increased  lo  six  miles,  the  advantaee 
which  No.  2  had  over  the  ffutler  veaoel  entirely  disappears. 

Again,  b  Table  B,  we  sec  that  in  one  experiment  No.  2  carries  two-ninths 
more  weight  than  No.  I  with  equal  Tesistance  when  the  velocity  is  three  milei 
per  hour;  but  that,  when  the  rate  is  raised  to  dx  miles,  the  loads  requited  to 
be  the  same  in  botli,  in  order  to  equahle  the  resistance. 

It  appears,  from  numerous  experiments  made  at  intermediate  speeds,  that 
this  change  in  the  relative  resistance  is  progressive  ;  there  is  reason,  therefore, 
lo  conclude,  that  if  circumstances  had  admitted  of  carrying  on  the  experiments 
at  a  higher  velocity  than  six  miles  per  hour,  the  flatter  formed  vessel  wouUI 
have  attained  a  superiority  over  tbe  sharper  ones.  Tliis  conclusion  is  cor- 
roborated by  tbe  fact  that  the  swiftest  going  steam  vessels  which  hove  b«cn 
built  in  this  country,  are  those  which  are  nearly  quite  flat  in  the  floor  fi>r  a 
great  proportion  uf  their  whole  length. 

The  first  practical  inference  which  may  be  drawn  from  these  experiments  is^ 
that  all  vessels  which  are  intended  to  he  tracked,  or  impelled  by  machinetj 
through  canals,  al  low  velocities,  should  be  built  as  sharp  in  their  botlonu  ai 
circumitaoces  will  admit  of,  although  this  must  necessarily  inc 
draught  of  water;  tbe  second  inference  ia,  that  whenever  vessels  ai_ 
lo  move  in  canals  with  a  higher  rate  of  auced  than  six  miles  per  hi 
general  form  of  the  bottom  should  be  quite  S.-* 


ROBISON'S  EXPERIMENTS. 


671 


< 

-e 

-B 

• 

II 
g 

u 

U 

g 

i 

• 

m 

1 

• 

• 

1 

§ 

g 

o 
o 

o 
o 

••* 

Q 

^ 

^ 

-^ 

<N        ^ 

^ 

c« 

ll 

o 

o 

s* 

^     o 

o 

^ 

»o 

*o 

*o 

*o      *o 

to 

to 

w* 

CO 

•k 

CO 

sf 

i 

•k 

«k 

•>           • 

o 

■k 

M 

i 

If 

o 

o 

«■ 

o     o 

o 

• 

^         a 

.t* 

ll 

d 

•• 

•k        o 

lO 

«k 

1 

I"   3 
■^    1 

1 

0 

^ 

sz; 

a 

i«  5 

* 

^ 

H. 

•^    '^ 

H. 

-^ 

•*• 

H» 

•t: 

• 

u 

0 

II 

u    u 

0 

u 

II 

II 

II 

00 

j^ 

9 

1 

, 

§ 

S 

ij 

•p4 

M 

•k                      Vk 

■k 
•k 

•k 
•k 

■k 
•k 

:3 

•k 
■k 

A. 

EQUAL 

• 

Q 

00 

CO 

o     o 

^ 

CI 

d 

£   1 

> 

CO 

^ 

U     H 

-9     H 

o 

jS 

09 

S! 

eo 

*o       tti 

t* 

CO 

to      0 

t^ 

00 

V. 

8  & 

or 

to 

»o 

•k 

CO 

to 

to 

to       to 

^ 

^ 

«§. 

d 

•k 
•k 

2    d 

M 

■k 

•      6 

•k 

•k 
•k 

2 

N4 

5^ 

is. 
1^ 

^ 

2: 

■^ 

^ 

04 

fla 

00 

CO 

t<« 

lO         M» 

« 

? 

•0     0 

CO 

CI 

P 

eeo 

"^ 

"^ 

"^ 

^      ^ 

"^ 

^-v      »o 

to 

to 

P* 

•«•. 

S 

II 

• 

•k 

A 

•k 

*           • 

•• 

•k 

•• 

•k 

•k 

l« 

o 

M 

i, 

•k 

•k 

;§ 

•k 

■k 

Q 

%« 

o^ 

ja 

^3 

2 

« 

ll 

s 

« 
« 

•^ 
M 

•k 

•k 

•k 

■k               ak 
■k               ak 

s 

•k 

United 
Yenel 

CD 

o 

CI        CI 

CO 

0 

M        CO 

0 

01 

S 

CO 

Ok      a> 

CO        ^ 

s 

CI 

CO 

o>      to 
CO       cl 

CI 

CO 

CO 

CI 

CO 

^ 

s 

s 

«• 

§ 

5  1 

s 

1 

1 1 

i 

1  1 

^H 

^ 

-•3 

^    " 

53 

9 

^    ^ 

9 

^    9 

1 

• 

o 

d 

• 

0 

% 

2: 

:z: 

•3 

r- 

• 

<« 

S*T 

a 

1i 

IS 
It 

§1 

!^i 

^•§ 

;jU 

^  o 

••s^ 

_Sgq 

*P^ 

« 

S 

s 

E 

672 


ROBISON'S  EXPERIMENTS. 


TABLE  R 
ExperimenU  with  equal  arms  of  the  Yoke  at  S  mUei  per  hour. 


If  odelf  Compared. 


Flat  YesseL    No.  1 

Coaster.  No.  2 

No.  1 

No.  2 

Flat  Yesael.    No.  1 

Schooner.        No.  8 

No.1 

No.  8 

Flat  YeflseL    No.  1 

Twin  Yeasel.  No.  4 


Depth  of 
Immer- 
sion in 
Inches. 


4.91 

8.5 

6.088 
10.088 

4.17 

8.41 

6.75 
10.25 

4.17 

4. 


Weijrht  of 
Vessels 

with  their 
Loads. 


256  lbs. 
288  „ 
820  „ 
892  „ 
192  „ 
234 
820 
862 
266  „ 
266 


) 
) 

:) 
:) 


Differ- 
ence. 


82  lbs. 


72  lbs. 


42  lbs. 


42  lbs. 


No.  2  carrieB  \  more  than  No.  1. 


No.  2  carriee  f  more  than  No.  1 


Na  8  carries  f  more  than  No.  1. 


No.  8  carries  -fg  more  than  Na  1. 


Nodifferenceat  this  rate  of  speed. 


N.B.  The  depth  of  immersion  entered  above  is  that  obsenred  when  the  vessels 
were  at  rest,  and  which  did  not  appear  to  alter  when  in  motion. 

TABLE  a 
Experiments  with  equ/d  arms  of  the  Yoke  at  6  miles  per  hour. 


Models  Compared. 

Depth  of 
Immer- 
sion in 
Inches. 

Weight  of 
Veuel* 

with  their 
Loailt. 

Differ- 
ence. 

Flat  Yessel. 

No.  1 

<  A 

192  Ibs-I 

Coaster. 

No.  2 

6  A 

192  „  J 

The  draught  of  water  noted  in 

No.l 

*« 

256  „  1 

the  column  of  immersions  waa 
that  observed  when  the  models 

No.  2 

8  A 

266  „  J 

were  at  rest  previous  to   the 

Flat  Yessel. 
Schooner. 

No.  1 
No.  8 

<A 

7A 

192  „  \ 
192  „  j 

commencement  of  each  experi- 
ment; the  actual  immersion 
during   the    experiment    was 

No.  1 

*ii 

266  „   1 

considerably  less,  especially  in 

No.  8 

9A 

266  „  . 

the  flatter  vessels ;  but  there 
were  no  means  of  ascertaining 

Flat  Yessel. 

No.  1 

6A 

320   „  ^ 

it  precisely. 

Twin  Boat. 

No.  4 

6  A 

820   „ 

PROPORTION  OF  POWER.  673 

'  Proportion  of  Power  to  Sixe  of  Festelt. — The  proportion  which  the  power  ot 
the  eogines  sbouhl  bear  to  the  size  of  the  vessel  depends  greatly  upon  the 
nature  cf  the  service  for  which  the  vessels  are  intended.  Post-office  packets, 
and  vessels  depending  chiefly  upon  passengers,  for  instance,  require  and  will 
admit  of  engines  of  larger  power  than  vessels  employed  principally  in  the 
transport  of  goods ;  in  which  latter,  less  space  can  be  afforded  for  the  machinery 
and  fuel,  on  account  of  the  room  required  for  the  cai^.  The  proportional 
power  must  likewise  depend  partly  upon  the  size  of  the  vessel,  for,  as  the  resist- 
ance to  a  vessel's  progress  depends  principally  upon  the  area  of  the  transverse 
section  immersed,  which  area  does  not  increase  in  the  same  proportion  as  the 
capacity  of  the  vessel,  larger  vessels  require  less  power  in  proportion  than 
smaller  ones.  For  instance,  if  two  vessels  be  built  upon  the  same  model,  but 
one  of  them  of  double  the  tonnage  of  the  other,  their  proportional  linear 
dimensions  will  be  as  126  to  100,  and  their  sectional  areas  as  158  to  100; 
therefore,  to  obtain  the  same  velocity,  the  power  will  only  require  to  be  increased 
in  the  same  ratio  as  the  sectional  area,  or  as  158  to  100 ;  if  the  power  in  each 
vessel  were  in  the  direct  ratio  of  the  tonnage,  or  as  200  to  100,  the  ratio  of  the 
power  to  their  sectional  areas  would  be  200  to  158. 

Viewed  solely  as  a  question  of  economy  without  regard  to  speed,  it  might  at 
first  sight  be  concludea  that  vessels  must  be  worked  at  less  cost  with  engines 
of  small  power  than  with  large  ones,  for  the  resistance  to  a  vessel's  motion 
through  tne  water  increases  more  rapidly  than  in  the  ratio  of  the  velocities. 
The  resistance  of  a  fluid  to  a  body  moving  therein  is  generally  stated  to  be  as 
the  square  of  the  velocities ;  a  double  speed  occasioning  a  fourfold  resistance, 
so  that  if  it  required  100  horse  power  to  propel  a  vessel  at  the  rate  of  5  miles  an 
hour,  it  would  require  400  horse  power  to  produce  a  speed  of  10  miles  per  hour. 
This  ratio,  however,  applies  only  to  the  resistance  of  the  particles  of  the  fluid 
in  a  quiescent  state,  and  also  assumes  *.hat  the  area  of  the  immersed  section  is 
the  same  at  ail  velocities ;  but  the  progress  of  vessels  is  influenced  by  various 
other  causes,  besides  the  inertia  of  the  water,  as  tides  or  currents,  and  the 
force  of. the  wind  and  sea ;  resistance  from  these  causes  has  little  or  no  relation 
to  the  speed  of  the  vessels,  and  will  require  a  certain  amount  of  power  to  over- 
come them,  independent  of  that  which  is  required  to  overcome  the  inertia  of 
the  water ;  and  the  greater  the  amount  of  the  resbtance  from  the  former  causes 
in  proportion  to  that  from  the  latter,  the  more  will  the  result  vary  from  the 
theoretical  calculation.  In  some  circumstances,  therefore,  the  consumption  of 
fuel  may  be  even  less  in  going  a  given  distance  with  large  engines  than  with 
small  ones.  Let  us  suppose  that  a  vessel,  fitted  with  engines  of  100  horse 
power,  will  go  10  miles  an  hour  in  still  water,  and  that  another  vessel  with  50 
norse  power  will  in  the  same  circumstances  go  7  miles  per  hour;  if  these 
vessels  have  to  stem  a  current  of  4^  miles  per  hour,  the  effective  speed  of  the 
first  will  be  reduced  to  5^  miles  per  hour,  and  that  of  the  second  to  2^  miles 
per  hour ;  the  former,  therefore,  would  perform  a  distance  of  100  miles  in  18 
hours,  and  the  latter  in  40  hours;  and  as  the  large  ennne  would  only  consume 
twice  as  much  fuel  per  hour  as  the  small  one,  it  would  consume  in  18  hours 
only  as  much  fuel  as  the  smaller  would  in  36  hours,  and,  consequently,  the  con- 
sumption would  be  as  36  to  40  in  favour  of  the  larger  power.  But  indepen- 
dently of  these  casual  resistances,  the  resistance  from  the  inertia  of  the  water 
is  found  not  to  increase  as  rapidly  as  the  square  of  the  velocitv ;  from  the  circum- 
stance that  with  a  considerable  increase  of  speed,  the  vessel  has  a  tendency  to 
rise  from  the  water,  or  diminish  her  draught,  so  that  the  area  of  the  immersed 
section  becomes  less,  and  the  head  wave  also  decreases.  This  circumstance  may 
appear  paradoxical,  but  it  seems  to  be  well  ascertained  by  a  careful  observation 
of  facts,  both  in  this  country  and  in  America.  The  Great  American  Steam  Baft 
is  stated  frequently  to  have  attained  a  speed  of  20  miles  per  hour,  at  which 
time  her  draught  of  water  was  7  inches  less  than  when  still,  and  there  was 
no  head  wave.  The  same  facts  have  been  elicited  by  numerous  experiments  in 
this  country  with  boats  upon  canals  and  drawn  by  horses,  and  will  be  found  to 
be  noticed  in  the  experiments  of  Sir  J.  Robinson  and  Mr.  Russell,  of  which  we 
have  already  given  extracts. 
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Vtam  ikm  fewgoing  cwiailii  ■timw,  which  haen  bccttcoofinned  by 
Um  praoortioii  St  the  pover  to  the  tiw^agf  in  wgoiiig  rteunen  fcas  heca 
gndnalff  angmented ;  vtMcU  reeeatl y  hoik  haTing  gcacnlly  enginet  of  gmtcr 
power  than  old  wtmtU  of  the  same  tonnage.  Small  engines  are  also  frequently 
removed  from  Tessek,  and  others  of  greater  power  sobatitnted  Ibr  diem,  wim 
decided  adTaatage,  not  only  as  to  spMd,  hot  also  mh  respect  to  the  economy 
of  fid ;  their  ooosumption  per  voyage,  or  for  the  same  distance,  being  less 
widi  the  large  engines  than  it  had  preTionsly  been  with  the  smaller  onea. 

The  meaiKired  tonnage  of  a  TeeseL  howerer,  affiwds  rather  an  uncertain 
criterion  of  the  comparative  amount  of  power  required,  as,  from  the  improper 
mode  of  estimating  the  sises  of  vessels  or  measuring  them  still  in  practice,  a 
small  vessel  may  be  made  to  measure  a  great  deal,  and  a  large  vessel  may  be 
nuide  to  measure  very  little.  In  all  steamers,  the  vessel  displaces  oonaiderably 
more  than  the  measmed  tonn^e. 

Mr.  Morgan,  who  has  had  considerable  experience  in  this  matter,  and  who 
has  paid  great  attention  to  thb  sulject,  in  his  evidence  before  the  committee  on 
steam  communication  with  India,  assumes  the  difplaceroent  of  the  veaael  as  a 
better  standard,  and  for  vessels  going  long  sea  voyages  deems  1  horse  power  to 
4  or  4|  tons  displacement  a  good  proportion.  He,  iMwever,  advocatea  building 
the  vessels  of  iTlharper  form  than  is  generally  done,  so  as  to  make  the  measunw 
ment  and  displacement  nearly  accord.  We  select  from  this  gentleman's  evidence 
the  dimensions  of  some  of  the  government  steam  packets,  which  will  show  the 
great  discrepancy  between  the  measurement  and  displacement. 

The  FUmer. — 156  feet  in  length ;  20  feet  8  inches  beam ;  depth,  15  fieet 
3  inches ;  measured  tonnage,  496  |f  tons ;  nominal  power,  120  horaea. 

TOVg. 

Her  hull  weighs  .     .    .     .  300  \                 /With  (his  displacement,  soeoraws 

Her  engines ^^^fTonnaee  V  *  ^"^^  ^  "*ches  aft,  and  10  feet 

Ph>visioos,    stores,   ma:»t9,  >     690     '  v^  inches  forward,  in  sea-water, 
anchors,  &c    ....  30 1            *      J  and  the  area  of  her  midship  sec- 
Coals     140  J                  \  tioQ,  immersed,  is  about  225  feet. 

Her  cylinders  are  42  inches  in  diameter,  with  a  4-feet  stroke.     Her  wheeLi 
(Morgan's)  are  18  feet  in  diameter,  and  5  feet  6  inches  wide. 

When  the  vessel  is  deep,  her  wheels  f  ^^"^  1*  *«  20  times  per  minute  in 
vfueu  uiB  vewci  w  ucvp,  uw  wuci»  i       ^j^^yy  weather,   and  25  tunes    in 

"^^^*^ I      light  weather. 

When  the  vessel  is  light,  >heir  speed     ^^  h^^^  weaT^et  a^  ^mlSt 
mcreases y      26^  revolutions  in  light  weather. 

The  CobmUfia. — 129  feet  in  length ;  24  feet  6  inches  beam ;  and  15  feet  in 
depth ;  measured  tonnage,  360  tons ;  nominal  power,  100  horses. 

TOVf. 

Her  boll  weighs  .     .     .     .  250  \  /With  this  displacement,  she  draws 

Her  engines 104  I  ^          \  12  feet  6  inches  aft,  11  feet  4 

Provisions,   stores,   masts,  >  ^g^   <  inches  forward,  in  sea-water,  and 

anchors,  &c    ....  30  I  '     1  the  area  of  her  midship  section. 

Coals 110/  \  immersed,  is  about  213  feet. 

Her  cylinders  are  39  inches  in  diameter,  with  a  3  feet  6  inch  stroke.  Her 
wheels  are  17  feet  in  diameter,  and  5  feet  2  inches  wide. 

—^        .  1  .    J         t        V    1    r  fro™   14  to  20  times  per  minute  in 

When  the  vemel  is  deep,  her  wheels         ^^^  ^^^j^^^   ^^^  ^^  20  to  25 

"^®'^* I      times  in  light  weather. 

rtru       *i-  1  •    V  1.*  -1   •  J  r  from  16  to  22  times  per  minute  in 

When  the  vessel  is  light,  their  speed  ^^^^  ^^^^^^^^  ^^  ^^  26^  to  28 

increases ^      p^^  minute  in  light  weather. 
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TAe  Fh-e/ly.-— 156  feet  hn  length  ;  28  feet  2  mcliei  beam;  dcptb,  17  feet; 
measured  tonnage,  5(K>;  nominal  power,  140  horses. 

TOVI. 

Her  huU  weighs  .    •    .    .  330  \  /With  this  displacement,  she  draws 

Her  engines 150  (  .p          {  12  feet  afl,  and  II  feet  4  inches 

Provisions,  stores,    masts,  V  iV^  <  forward,   in  sea-water,  and  the 

anchors,  &c    ....  35  I  1  area    of  her    midship    section. 

Coals 200  /  V  immersed,  is  about  270  feet. 

Her  cylmders   are  44  inches  in  diameter,  with  a  4  feet  6   inch  stroke, 
Iler  wheels  are  18  feet  in  diameter,  and  9  fiset  2  inches  wide. 


^1  .    j_^  i_  «k^i-  (  frwn  17  to  19  times  per  minnte  in 

Tend  »  deep,  ber  .h<dt         «„ooth  water,  «Hi  frSn  6  to  13  per 

I      minnte  in  heavy  weather. 


When  the 

"^^^* I      minnte  in  heavy 

When  the  vessel  is  light,  their  -peed     ^^^^  ^  ^^^^^^^ 

*""^"^» I      in  heavy  weather. 

The  displacement  certainly  offers  abetter  standard  than  the  measured  tonnage 
for  estimating  the  power  required  in  steam  vessels ;  but  we  think  the  area  of 
the  immersed  transverse  section  is  the  best  basis  of  calculation ;  for.  upon  this 
the  resistance  chiefly  depends.  Thus,  a  steam-boat  which  has  been  lengthened 
generally  sails  faster  witn  the  same  engines  than  before ;  because,  although  her 
measured  tonnage  is  thereby  increased,  yet,  from  drawing  less  water,  the  area 
of  the  immersed  transverse  section  is  diminished. 

In  the  three  examples  just  given,  the  sectional  area  is  to  the  horse  power  as 
follows: 

Flamer 1*9    feet  area  to  1  horse-power. 

Columbia      ....     2*13        n  n  n 

FhrrHif 16  „  „  „ 

A  fair  proportion  seems  to  be  from  1^  foot  to  2  feet  section  per  horse-power, 
according  to  the  nature  of  the  service  tor  which  the  vessel  is  intended. 

Construction, — In  regard  to  the  mode  of  constructing  and  fastening  steamers, 
much  diversity  of  practice  exists;  but,  generally  speaking,  strength  and 
durability  are  not  sufficiently  studied;. and,  although  improvements  are  taking 
place  in  this  respect,  much  remains  to  be  done.  In  order  to  give  a  general 
notion  of  this  branch  of  the  subject,  we  sliall  insert  some  extracts  from  the 
specification  of  a  steamer  of  600  tons  burthen,  built  for  the  City  of  Dubliu 
Steam  Packet  Company.  It  was  furnished  by  C.  W.  Williams,  Esq.,  the 
managing  director  of  the  Company ;  and  the  improvements  recommended  are 
those  which,  from  the  long  experience  of  the  Company,  will  admit  of  no  doubt 
of  their  efficacy. 

Mr.  Williams  recommends  generally — 

1.  That  the  hull  be  divided  into  at  least  five  separate  compartments,  by  four 
iron-plate  water-tight  bulkheads,  or  partitions,  so  as  to  confine  the  water  or 
fire  to  the  compartments  in  which  either  may  have  originated. 

2.  Hie  substituting  of  copper  or  composition  bolts,  with  nuts  and  screws,  in 
the  fastening  of  the  planking,  and  other  parts,  in  place  of  tree-nails,  the  use 
of  which  should  he  entirely  exploded. 

3.  The  addition  of  banging  iron  knees,  properly  eonstmeted,  with  stayi  under 
the  main  and  middle  deck  beams,  wrought  and  fitted  with  care,  according  to 
prepared  drawings ;  also,  a  continuous  connexion  of  iron  staple  knees,  by  which 
the  entire  series  of  deck  beams  are  firmly  bound  together,  and  to  the  sides  of 
the  vesseL 

4.  The  adoption  of  an  improved  garboard  strake,  cut  from  a  solid  baulk,  and 
fitted  to  the  rabbet  of  the  keeL  Mr.  Lang  baa  lately  done  much  towards 
introducing  this  valuable  improvement. 

5.  The  attaching  the  sister  kelsons  and  sleeperiy  on  which  the  engines  and 
boilers  are  placed,  firmly  to  the  bottom  of  the  vessel,  by  a  proper  system  of 
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bolU)  passed  through  the  flooring  and  bottom  Dlanktng,  and  bjr  lateral  stayings; 
these  sister  kelsons  passing  the  entire  length  of  im  TeMeL  Tbis  mode  oC 
strengthening  a  steamer  is  Tery  little  in  use. 

6.  The  introduction  of  powerftil  longitudinal  wrought-iroQ  stay-bolta,  four  at 
least,  and  from  1^  to  2|  inches  diameter,  running  the  entire  length  of  the 
main-deck,  and  through  all  the  main-deck  beams,  properly  secured  to  each 
with  washers  and  cotters  on  the  fore  and  after  tide  of  eacn  beam ;  ao  that  each 
deck-beam  be  not  only  thus  tied  together,  but  that  each  shall  bear  its  due  pro- 
portion of  any  strain  of  the  vessel  endways  in  a  heavy  sea.  These  iron 
longitudinal  bolt- stays  have  been  introduced  with  great  advantage  into  several 
steamers,  which  had  previously  worked  considerably  in  a  sea-way. 

7.  The  introduction  of  an  inner  lining  of  sheet  lead  under  the  lining  of  sheet 
iron,  and  next  to  the  skin  of  the  vessel,  to  prevent  the  desiccation  and  charring 
of  the  timber  bottom  and  sides,  which  the  excessive  heat  and  the  deconopositioo 
of  the  fine  powder  of  the  coal  in  the  neighbourhood  of  the  engines  and  boOers 
frequently  occasion.  This  under-sheeting  of  lead  has  been  found  an  eflfectoal 
remedy. 

8.  The  use  of  iron  in  the  various  hatchways,  ceilings,  and  scuttles,  iwfif^id  of 
timber,  which  latter  weakens  the  deck  of  a  vessel,  whereas  the  former 
strengUiens  it. 

9.  The  introduction  of  longitudinal  cast4ron  beams  in  lieu  of  wood,  the 
entire  length  of  the  boUer  hatchways,  and  to  which  is  attached  a  wronght-iron 
deck-plate,  the  full  size  of  the  boiler  hatchway.  These  iron  beams  secure  that 
vulnerable  part  of  the  deck  from  contraction,  sinking,  or  fire.  The  wood  beams 
and  deck  usually  adopted  over  the  boilers  contract  instantly,  and  thus  admit 
water  to  the  top  of  the  boiler. 

10.  The  preparing  the  entire  timbering,  planking,  decks,  &c.  on  Kyan's  or 
other  anti-dry-rot  principle,  thus  securing  the  neatest  durability  to  the  hulL 
This  steeping  process  is  effected  in  the  builder  s  yard,  and  under  the  especial 
superintendence  of  a  competent  individual  on  the  part  of  the  owners. 


Fig.l 


Fig.  1  exhibits  a  plan  of  the  solid  floor,  timber,  and  futtocks,  with  cogues  and 
bolts;  the  black  parts  denote  spaces  which  are  to  be  filled  in  solid,  and  the 
dotted  lines  denote  the  bolts. 

^g,  2  is  a  section  of  the  keel  and  garboard  strake  with  bolts. 
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The  following  engraTing  it  a  borisontal  section  of  a  portion  of  the  frame  at 
the  nudn  deck,  with  lUple  knees,  and  longitudinal  iron  sUy  bolts. 


a  a  are  the  deck  beams ;  b  b,  an  iron  stay  bolt,  2^  inches  diameter,  rmi- 
ning  the  whole  length  of  the  vessel ;  there  are  four  of  these  bolts ;  they  pass 
through  every  beam,  and  are  raised  up  on  each  side  of  the  beam,  and  the  beams 
being  laid  close  enough  to  support  the  decks,  carlings  are  not  required ;  c  c,  the 
horizontal  staple  knees,  secured  to  the  sides  and  beams  with  screw  bolts  and 
nuts. 

Subioined  is  shown  a  vertical  section  of  the  hanging  knee  and  stay,  which 
supports  the  outer  end  of  the  main  deck  beam. 


Of 


-*&[<>  fei   e  g  ta  li  = 


a  is  the  main  deck  beam;  6,  the  longitudinal  stay  bolt;  c,  the  stople  knee;  «/, 
the  hanging  knee  bolted  by  screw  bolu  to  the  side  and  to  the  main  deck  beam; 
€,  the  diagonal  sLiy  to  the  knee ;  /,  tlie  shelf  piece ;  ^,  the  inner  planking. 

Subdhition  of  HuU.—The  subdivision  of  the  hull  into  separate  water- 
tight compartments  by  means  of  plate  iron  bulkheads  calls  tor  particular 
notice.  The  following  observations  by  Mr.  Williams  will  show  the  importance 
of  this  improvement,  and  an  effectual  method  of  carryine  it  into  pracUce. 

"  The  casualties  to  which  ships  (especially  steam  vessels)  are  liable  arise,  for 
the  most  part,  first  from  striking  against  or  coming  in  forcible  contact  with 
rocks,  or  such  solid  bodies  as  would  injure  the  frame- work  of  the  vessel;  and, 
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secondly,  from  accidental  collision  witli  other  Tessels,  by  which  some  put  cf 
one,  or  both,  becomes  so  damaged  as  to  admit  the  water  to  such  an  extent  as 
to  overcome  the  power  of  the  crew  to  pump  it  out. 

'*  That  any  expedient  shall  be  discover^a  which  will  prerent  the  irruption  of 
the  water  to  an  extent  beyond  what  may  be  within  the  power  of  men  and 
pumps  to  expel,  is  hopeless.  Even  in  the  event  of  running  on  an  mMnchor^  or 
other  body,  which  should  break  any  part  of  the  ship's  bottom  or  side^  or  of  a 
single  plank  starting,  the  extent  of  the  injury  would  most  likely  be  such  as  to 
render  it  impossible  to  keep  the  vessel  afloat  by  human  power.  It  occurred  to 
me,  that  the  only  practicaole  expedient  for  preventing  the  sinkiitf  or  actual 
submersion  of  the  entire  vessel  would  be  by^nfintng  the  eflectef  the  nijary 
sustained  to  that  portion  or  section  of  the  vessel  in  which  the  injury  occurred; 
and  this  is  the  basis  of  the  plan  I  am  now  to  submit.  The  pun  of  £vi£ng 
the  vessel's  hull  into  sections,  each  of  which  should  be  completely  wnter-tMty 
has,  we  are  told,  been  practised  by  the  Chinese  in  their  trade  bargee.  This 
mode  of  giving  secunty  first  occurred  to  me  on  building  the  iron  ateamer 
Garryowen  (now  plying  on  the  Shannon  at  Limerick),  and  the  trade  baigei 
whicn  the  Dublin  Company's  steamers  tow  on  that  river.  Where  the  bull  was 
of  iron,  as  in  the  Gorryocoen,  the  introduction  of  iron  plate  bulkheada  was  easy 
and  effective ;  and,  independently  of  the  ereat  strength  afibrded  by  this  internal 
and  sectional  bridging  (as  it  may  be  called),  these  sections  were  as  suaceptible  of 
being  made  water-tight  as  the  hull  itself. 

'*  Experience  has  proved  that  it  is  impossible  to  make  a  timber  partition  or 
bulkhead  water-tight,  or,  at  least,  that  it  should  continue  so.  The  neat  of  the 
vessel  is  sufficient  to  cause  such  a  shrinking  in  a  partition  of  timber  planking 
as  to  render  It  wholly  useless  in  preventing  water  from  passing.  Iron  plate 
partitions,  however^  possess  all  the  requisites  for  this  effectual  division  or  the 
vessel  into  so  many  water-tight  cnnpartments.  Their  introduction,  then,  into 
timber  vessels  appeared  an  important  desideratum.  The  only  parts  where 
water  could  find  its  way  from  any  one  section  when  filled  to  another  section  not 
so  filled,  would  be,  not  through  the  iron  partitions,  but  at  the  sides  and  bottom 
of  the  vessel,  where  they  come  in  connexion  with  the  frame  and  planking  of 
the  vessel.  The  preventing  the  water  from  passing  in  this  direction  is  effected 
by  very  simple  means,  viz.  by  making  this  part  of  the  vessel  solid,  that 
is,  without  ttiose  rooms  or  spaces  which  intervene  between  the  frames  of  the 
vessel ;  this  solid  framing  should  extend  18  inches  before  and  abaft  each  parti- 
tion. The  mode  of  effecting  this  is  famOiar  to  all  shipbuilders.  The  mtro- 
duction  of  hair-felt  between  this  solid  framing  and  the  planking  on  the  outside 
and  the  ceiling  on  the  inside  completes  the  operation ;  the  plate  iron  forming 
the  partition  having  proper  diagonal  stays  to  give  it  strength,  and  being  con- 
nected at  the  sides  and  bottom  with  angle  iron,  accurately  fitted  to  the  shape 
of  the  vessel,  particularly  in  passing  over  the  kelsons." 

With  regard  to  the  number  of  these  bulkheads,  Mr.  Williams  is  of  opinion 
that  four  bulkheads,  dividing  the  vessel  into  five  compartments,  afford  the  most 
eligible  arrangement.  The  centre  section  will  then  be  occupied  by  the  engine, 
boiler,  and  coal  bunkers.  The  section  next  to  the  centre  will  form  the  fore  and 
after  holds  ;  or  in  the  case  of  passenger  vessels,  the  fore  and  after  cabins ;  and 
the  two  remaining  sections  at  the  bow  and  stem  need  not  be  so  high  as  the 
main  deck,  as  the  water  never  could  rise  within  several  feet  of  the  same. 

To  prove  the  efficiency  of  these  bulkheads,  Mr.  Williams  tested  the  plan  ex- 
perimentally, under  the  inspection  of  the  members  of  the  British  Association,  in 
a  new  vessel,  the  Royal  Adelaide.  The  vessel  was  first  bored  in  the  bow  section* 
and  the  water  allowed  to  flow  freely  in.  When  so  filled  that  the  water  remained 
at  the  same  height,  outside  and  inside  the  section,  it  depreued  the  vessel  at  the 
bow  six  inches,  and  raised  the  stem  about  two  inches.  The  water  was  then 
pumped  out,  and  the  adjoining  section  filled;  this  depressed  the  bow  12  inches 
without  perceptibly  raismg  the  stem. 

Iron  Bulkheads, — Here,  then,  we  have  an  effectual  remedy  against  tbt 
casualties  attending  on  a  vessel  coming  into  collision  with  another.    Unless  the 
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water  break  into  the  Teaeel  in  all  the  sections  at  the  same  time  (which  is  almost 
impossible),  there  can  be  no  danger  of  submersion.  These  bulkheads  afford, 
also,  a  protection  against  fire.  The  circumstance  of  anv  part  of  an  ordinary 
▼essel  taking  fire  is  followed  by  the  rapid  spreading  of  it  through  all  pans  of  the 
TesseL  An  instance  of  this  calamity  occurred  recently  to  the  steamer,  the 
Medway^  on  the  river  Thames,  where  the  only  resource  that  remained  to  the 
numerous  passengers  was  the  confining  themselves  to  that  part  of  the  deck 
most  distant  from  the  fire  until  the  vessel  was  run  on  shore.  These  iron  bulk- 
heads, being  air-tight,  effectually  prevent  the  iatroduction  of  any  draught 
or  current  of  air,  so  much  to  be  dreaded.  Again,  in  extinguishing  the  fire  in 
the  section  in  which  it  originated,  the  crew  would  be  enabled  to  work  in 
comparative  security.  The  nre,  being  prevented  spreading  laterally,  can  only 
make  progress  upwards  towards  the  deck,  and  which  wiU  be  considerably 
retarded,  S  not  altogether  checked,  by  the  absence  of  all  current  of  air  from 
either  end  of  the  vmcL  indeed,  it  is  questiimable  whether  the  mere  closing 
down  the  hatches  over  the  section  would  not  entirely  extinguish  it  These 
bnUdheads  have  been  adopted  in  many  vessels  belonging  to  the  City  of  Dublin 
Company,  and  other  parties  have  since  followed  their  example,  although  the  plan 
is  far  from  being  so  extensively  adopted  as  it  deserves  to  be.  Widi  regard  to 
the  additional  weight  and  expense,  they  are  trifling  in  comparison  with  their 
importance  and  the  security  which  they  afford.  Mr.  Williams  states  that  the 
bu&Lheadi  in  the  Royal  Wiiiiam  and  AthUme  cost  £290  each  vessel ;  and  the 
additional  timber  in  the  solid  framing  must  be  trifling. 

Mr,  Ltmg*M  Syttem. — ^The  following  plan  of  building  steamers  has  been  in- 
troduced with  great  success  by  Mr.  O.  Lang,  of  H.  M.  Dockyard,  Woolwich. 

Upon  the  keel  being  laid  (say  for  a  vessel  of  SOO  tons),  1^  inch  oak  plank  is 
passed  diagonally,  at  an  angle  of  45<»,  from  one  side  under  the  keel  up  to  the 
plank  share  on  the  other  side.  At  the  fore  and  after  ends,  from  the  rise  of 
the  floor,  the  planks  cannot  be  passed  under,  and  are  rebated  into  tiie  keel. 
The  first  planking  is  caulked  and  paved ;  then  a  second  range  of  planking, 
l\  ineh  thick,  at  an  angle  of  45®,  is  laid  on  the  first,  with  patent  felt  between, 
crossing  the  direction  of^ihe  angle,  and  this  second  planking  is  again  caulked 
and  payed.  Then  the  third  row,  1^  inch  thick,  is  put  on  longitudinally, 
with  felt  between,  like  the  ordinary  planking  of  a  vessel,  and  caulked  and 
payed  \  inch  through ;  bolts  are  used,  and  clenched  upon  rufft  such  as  boat- 
Imilders  use.  Bent  timbers  are  then  placed  inside,  at  every  four  feet  apart, 
with  small  floor  timbers  for  carrying  the  sleepers.  The  following  vessels,  now 
running  upon  the  Thames,  are  built  upon  this  plan, — Ruby^  Getn^  Diamond^ 
Duchess  of  Kent,  Topaz,  Prince  Georye,  Fairy,  Naiad,  Ariel,  mnd  Nymph. 

Iron  Feueli. — Owing  to  the  many  advantages  attending  the  construction  of 
vessels  made  entirely  of  wrought  iron,  excepting  the  decks,  a  decided  preference 
is  now  given  to  them,  and  they  are  £sst  becoming  almost  universal.  Amongst 
the  numerous  advantages  may  be  mentioned, — 

1.  An  iron  vessel  does  not  weigh  half  so  much  as  a  wooden  one  of  similar 
dimensions  ;  consequently  draws  much  less  water. 

2.  An  iron  vessel  affords  much  more  room  for  stowage,  owing  to  the  de« 
creased  thickness  of  its  sides;  those  of  the  latter  not  exceeding  four  inches, 
including  the  angle  iron  ribs  to  which  the  plates  are  fastened ;  while  those  of  a 
wooden  vessel  of  the  same  dimensions  are  not  less  than  twelve  inches  thick. 
Thus  a  wooden  vessel,  of  24  feet  beam  outside,  would  be  only  22  feet  inside  ; 
whilst  an  iron  one  would  be  23  feet  4  in.;  making  a  difference  of  16  inches 
all  round ;  which  difierence,  in  a  vessel  measuring  150  feet  long,  24  feet  beam, 
and  16  feet  deep,  affi>rds  room  for  the  stowage  of  80  tons  more  of  cargo  than 
the  wooden  vesseL 

3.  Owing  to  the  diminished  draught,  or  the  necessity  of  displacing  a  less 
weight  of  water,  an  engine  of  equal  power  to  that  on  board  a  wooden  one  will 
propel  it  much  faster,  or  one  ot  less  power  equally  fast  In  the  latter  case, 
there  is  effected  a  proportionate  saving  of  fuel;  in  the  former,  a  saving  of  both 
time  and  fuel. 
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4.  Iron  Tcssela  are  much  cooler,  owing  to  the  metal  being  m  rapid  condnelor 
of  heat. 

5.  The  air  in  the  holds  of  iron  Tetsels  u  mnch  purer,  not  being  ooaCaminated 
with  foul  bilge-water,  as  is  the  case  with  wooden  onea. 

6.  They  are  less  liable  to  leak ;  and  the  leak,  when  made,  more  eaailj 
stopped,  the  fracture  or  hole  being  generally  much  amaller,  and  capable^ 
usually,  of  bein?  beaten  back  into  its  former  position.  ' 

7.  Iron  vessels  do  not,  like  wood,  become  heavier  by  saturation. 

8.  Iron  vessels  are  not  subject  to  be  affected  by  lightning,  that  fluid  being 
conducted  into  the  water  by  the  metal. 

9.  Owing  to  the  greater  tenacity  of  the  metal,  iron  vessels  may  be  constmcted 
of  greater  dimensions  than  wood. 

The  first  iron  steam  vessel  built  for  sea  was  the  AUmrkok,  cooacmeted  hf 
Mr.  Laird  to  take^art  in  the  expedition  to  the  Niger,  conducted  by  Mr.  Laird. 
Her  dimensions  were, — length,  70  feet ;  breadth,  13  feet ;  depth,  6  feet  6  in.  llie 
plates  in  her  bottom  were  only  \  inch  thick,  and  those  m  the  sidea  onhr  an 
eighth.  When  launched,  she  drew  but  9  inches  of  water ;  with  her  enguea, 
boiler,  and  various  fittings,  about  3  feet  4  inches.  Her  weight,  indudiog 
the  decks,  was  15  tons.  The  engine,  of  15  horse  power,  and  boiler,  added 
about  15  tons  more. 

The  foregoine  exhibits  an  example  of  one  of  the  smallest  iron  veaads^  and 
the  following  anords  a  magnificent  specimen  of  the  largest  iron  vessela  hitherto 
constructed. 

The  Greai  Brilamt  having  a  tonnage  of  3143,  by  the  old  measurement,  waa 
built  at  Bristol  by  the  same  Company  which  brought  out  the  Great  WeUem, 
the  largest  wooden  steam  vessel  previously  produced.  The  Great  BrUam  was 
chiefly  constructed  under  the  direction  and  management  of  Mr.  Thomas  Gunpy, 
with  whom  was  connected  Mr.  Isamberd  Brunei,  as  consulting  engineer.  The 
length  of  the  keel  of  this  noble  vessel  is  289  feet;  total  length,  322  feet.  Her 
beam  or  breadth  is  51  feet;  depth,  32  feet  6  inches.  Her  draught  of  water 
when  loaded,  16  feet  Displacement,  2984  tons.  The  ribs  are  of  angle  iron, 
6  inches  by  3^,  \  and  -f^  thick.  Distance  of  ribs  from  centre  to  centre  amid- 
ships, 14  inches,  increasing  to  21  inches  at  the  ends. 

Ten  iron  sleepers  run  from  the  engine-room,  (^adually  diminishing  in  number 
to  the  fore  end  of  the  ship,)  and  under  the  boilers,  the  platform  of  which  they 
support  In  midships  they  are  3  feet  3  inches  in  depth,  supported  by  angle 
irons  in  the  form  of  inverted  arches,  a  short  distance  from  each  other. 

She  has  five  water-tight  partitions ;  stows  1200  tons  of  coal ;  has  a  apace  for 
1000  tons  of  measurement  goods.  The  engines  weigh  340  tons,  the  boilers 
200  tons,  and  they  hold  200  tons  of  water. 

The  main  shaft  is  28  inches  in  diameter  in  the  centre,  and  24  inches  in  the 
bearings;  in  the  roush,  before  it  was  turned,  it  weighed  16  tons:  it  was 
lightened  by  a  hole  of  10  inches  diameter,  bored  throughout  A  stream  of 
cold  water  is  caused  to  flow  through  this  hole  and  the  cranks  whUe  the  engines 
are  at  work. 

The  screw  shaft  consists  of  one  long,  and  two  short,  or  coupling  parts.    The 

Eart  next  the  engine  is  solid,  28  feet  long,  by  16  inches  in  diameter.  The 
ollow  intermediate  shaft  is  65  feet  long,  and  32  inches  in  diameter.  The  screw 
part  is  25  feet  6  inches  lone,  and  16  inches  in  diameter.  The  total  length  of 
this  shaft  is  130  feet,  and  weighs  38  tons.  The  screw  has  six  arms,  15  feet 
6  inches  in  diameter,  and  weighs  4  tons. 

The  main  drum  is  18  feet  diameter,  and  drives  4  chains,  weighing  7  tons 
The  screw  shaft  drum  is  6  feet  diameter,  and  the  weight  with  the  pull  when 
working  is  equal  to  85  tons  on  the  bearings  of  the  main  shaft 

The  steam  cylinders  are  four  in  number,  88  inches  in  diameter,  and  with  a 
stroke  of  6  feet.  The  condensers  are  of  wrought  iron,  12  feet  by  8,  and  5  feet 
deep.  Under  the  whole  space  occupied  by  the  engines  up  to  the  top,  the  angle 
irons  are  doubled. 

The  ujpper  main  and  saloon  decks  are  of  wood,  the  two  cargo  decks  are  of 
iron.    Tne  officers  and  seamen  are  all  accommodated  on  two  decks  under  the 
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t*  fitted  with  iron  rigging.  Five  of  the  maiU  are 
hinged  for  lowering  during  contrary  gnlei.  She  ii  provided  vitb  leveo  life-boati, 
capable  of  carrying  100  people.  She  ii  buiJt  with  lapped  jointi  in  prefrrenee 
to  Suih,  the  fanner  baving  Wn  ptored,  to  the  Mtti*f«ction  of  the  Company,  lo 
b«  one-fifth  atronger  than  tbe  Utler  mode. 

In  each  of  tbe  five  compartments,  the  engine  pumpa,  by  meant  of  pipe*  and 
cocki,  can  be  applied.  Tbe  water-tight  diviiiiona  of  each  compartment  add 
greatly  to  the  atrength  of  the  ship,  either  as  atruti  or  tiea. 

We  ahall  concluae  this  aeetion  by  a  notice  of  what  are  called  Twin  Bojiti,  of 
which  there  have  been  aeverel  conitmcled  both  in  thia  country  and  America. 
Thaac  venel*  are  compoaad  of  two  floating  bodiei  placed  lide  by  aide,  but  aome 
^Tltflr*™  aannder,  and  connected  together  by  a  deck  extending  over  both,  and 
til*  paddle-wheel  ia  ordinarily  aingle,  and  placed  in  tbe  middle.  The  chief 
oljact  pcofoied  in  thia  conatruction  i>  to  obtain  max  apeed  by  employing 
vasnla  of  vety  great  length  and  comparatively  amall  tranaverae  section,  and, 
tberefbre,  calculated  to  experience  but  little  reaiatance  firom  the  water,  and  at 
tbe  aame  time  to  oblaln  increased  lateral  stability.  The  plan,  however,  haa  not, 
upon  the  whole,  been  found  to  succeed :  one  objection  wa  underatand  to  be, 
that  the  water,  not  being  able  lo  eaeape  laterally,  accumnlates  in  the  apace  or 
channel  between  the  *e«sela,  and  materially  increases  the  reaiatance.  Twin 
steam  boats  were  employed  for  several  yean  on  the  Tay  ferries,  but  bave  alnce 
been  superseded  by  vessels  of  the  ordinary  conatruction.  The  largest  twin 
aieam  veasel  ever  built  wu  tbe  Great  Ameriean  SUanRaft,  which  was  formed 
of  two  separate  hollow  trunks,  or  spindles,  with  a  deck  laid  over  them.  These 
trunks  were  300  feet  loug,  and  in  the  centre,  or  thickest  part,  were  8  feet  in 
diameter,  tapering  In  a  regular  parabolic  curve  to  a  point  at  each  end.  The 
paddle-wheel,  which  was  30  feet  m  diameter,  worked  in  the  space  twtween  the 
"*    '  '  '    '       a  the  power  of  her  engines.     The  marginal 

ligure  is  a  erou  section  of  one  of  tbe 
trunks,  aaa  arethestaves,  26in  number, 
and  31  inches  thick,  to  each  of  which  is 
attached  an  iron  bolt,  ii,  26  inches  lane, 
pas*iagtbrougbtheBtavea,andcountenuiik 
on  the  outside  of  tbem.  Tbesa  bolts  pass 
through  an  iron  ring,  e,  on  tbe  inside 
of  which  tbey  are  screwed  up  by  nuta,  dd 
I  ao  that  the  atavea  are  brought  into  very 
close  contact ;  suflicieRt  room  ia  left  in  the 
centre  for  a.  man  to  enter  and  pass  fore 
and  aft,  and  turn  the  nuts,  if  necessary. 

Ths  annexed  figure  shows  the  plan  of 
the  beams  connecting  these  two  spindles, 
or  trunks,  upon  which  the  decks  are  builtr 
a  o  the  trunka  or  spindles ;  b  the  paddle- 
wheel ;  cccihe  boiler;  dd  the  beams 
which  connect  it  with  the  ouUlde  guard;  ««.//,  the  braces.  Thia  veasel 
was  built  at  New  York ;    waa  destined  to  ply  between  that  city  and  Troy, 
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SNODGKASS'S  TWIN-BOATS. 

n^,  (■It  14  nOta  pr 
I*  34  iaefan,  bat  wIkb  ranaine  at 

■  trw  rvnft»  dw  n«  ■aialauatd;'  loM  bj  nmiiiDg  opoa  •  bsak  off  tkc  cxf 
^  Nrv  Tack.  «ben  Ae  ^wflT  nnt  to  picas.  I>  1 837,  llr.  Neil  SnodenM. 
of  GUifiiv,  ot*MBfd  ■  p^cBt  ID  Ihb  ca^AT  hr  so  uiT^oiw  ciiBilar  to  £>ttf 
tl>e^BmeaaStf^Sq1,bM  *ith  inpran^Mnli  ia  the  Actaib.  Hi*  ptaa  ■•  ts 
hnti  ihc  boojfaat  rrm  f li,  which  «Mptwrt  the  wiuoitiuttuieinwtiAiaeBMtiiBci 
Ike  cabin*  md  wachbacrT,  of  (hm  irao,  the  fan  of  tbe  bDojant  road  te  b* 
crUndnol  at  tbe  middle  ponioa  of  IIm  Wogth,  and  at  aboot  sor-tkad  af  Ae 
■ch  ^mI  (a  taper  off  nauc^lr.  To  prmni  the  loa*  of  haov^i^ 
c  traa  tfakifc,  each  of  thne  laarii  ii  dhrided  liaiMiiiwTl 
mm  Mpante  eaaipattmeiiti,  of  about  foar  feet  (*ch  in  lengUt,  aadr  k  mm 
vaCrr-ei^t,  I17  loraiBg  them  at  fint  in  Kparate  IcDgthi,  and  rirtriBft  Acai 
tnpcher  <»  hoop*  of  ai^lc  ina.     To  stiAea  the  eotire  Trtl,  fi a— u. 


kn^frome 


tbe  cotiical  ti 
laid  upon  trmannie  jniMiiig ;   e  jm  the  chief  eaimi ; 

//  foul  cjlindrical  boilen,  which  an  Jl  c^meettd 
to  one  tfcam  pTpe,  which  it  proiided  with  a  ^"S^ 
uTety  tiItc  at  g.  Tram  whence  there  ii  a  tai^  tab* 
to  coDTry  tbe  wule  (team  ioto  the  water  leaeinai 
below.  At  the  lower  part  of  each  bciler  ■  a  -gift 
proTidrd  with  b  two-way  co^,  other  to  (lead  ar  la 
blow  off  each  boiler;  and  in  the  generBl  (Mam  p^ 
aboTc  are  foai  lalre-,  through  which  tbe  tfaaat 
panem  from  (bort  venical  pipev  leadii^  from  each 
boilen  by  (huttiog  any  one  of  thoe  Talna.  and  the 
feedeoek  beneath,  appertaiDiiig  thereto,  iDch  bailtr 
may  be  detached,  if  required;  A  a  the  (teaia  aim^ 
placed  horiioalally,  and  coniiectcd  by  the  Tad,l.to 
the  crank,  m,  on  the  eod  of  the  ihaft  of  the  paddta- 
wheel;  no  the  funnel;  ppraddcnhonclo the  «lcn 
of  each  of  the  floating  veneU.  On  the  head  of  each 
rudder  ii  fitted  a  yoke  or  croohead,  frnn  ahkh  a 
rod  or  chain  proceed*  rorward  along  the  osdet  ride 
of  tbe  lower  deck,  where  it  ii  connected  by  aaj 
niitable  nieani  lo  the  jiilot'i  (teering  wheel,  &t»^ 
the  upper  deck*,  and  in  ' 
'  annexed  figure  (howi  an 
end  view  S  the  boat,  aa 

,.     the    floating   cylinder*; 

*  66  the  lower  deck,  lup- 
ported  upon  jiHiti,  cron- 
ing  the  ■leeper(,  cc,and 
alaio  by  the  ^i '£""«! 
aUyii  d  d,  pTOCetding 
from  the  cylinden,  aa; 
c,  Ibe  cahin*;  /  the 
paddU'Wheel ;  g  the 
upper  deck,  aurrouoded 
by  arailiDg;  A  the  fbnncl. 
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A  iiasll  « 


m1  on   Mr.  SoodgrmM'i  plan 


arty  reiembliDg  that  ihown  ii 


a. finally  ancceBuful,  but  we  believe  Ihe  Gnt  triaJi  did  not  allogrlher  realiu 

._o  expictationg  nhich  were  formed  ofher  perionnalice*.     Thii might,  in  port, 

arias  from  tbe  Boatiag  cjliuder  not  being  of  lufficient  dimeniioni  to  carrr  tbt 

upper  workt,  for  with  merely  the  inachiDAiy 

on  board,  the  cjlinden  were  fully  one  baff 

About  the  aime  timo  Mr.  Gemniell,  of 
Glaagov,  obtained  a  patent  for  improre- 
menta  in  ateam  Tcaaela,  part  of  whicli  refer 
th  amuigementa  of  the  machinery  on 
WD  or  double  boata.  Veaaeb  of  thia 
dncnptjon  are  generally  propelled  by  a 
ung  wheel  placed  belweeo  the  two  boat!, 
bu  M  Gemmell  coniidered,  that,  owing  to 
h  rap  dity  of  the  current  through  thia 
bann  when  tbe  veaiel  ia  iu  notion,  the 
padd  do  not  obtain  tufiieient  reaction  or 
m  tance  from  the  water  (a  propel  the 
aae  be  therefore  propoaed  to  employ  two 
wbeeb,  pIseiDg  one  at  the  outer  dde  of  each 
boaL  The  annexed  figure  ia  a  plan  of  the 
hoa  and  machinery  :^ — a  a  are  tfa*  twin  bulla 
o  boats,  which  are  firmly  united  t(»ether  by 
h  beamt  b  b.  and  the  tniUM  c  c.  To  avoid 
b  ah  ily,  to  which  twin-boats  are  peculiariy 
b  ec  of  having  other  vwwli  or  objecta 
runn  g  between  (he  hulli,  or  ofotberwite 
b  con  ng  entangled  together,  from  the  bowt 
f  h  two  boat!  ii  projected  a  guard,  dd, 
wb  b  also  aerrei  greatly  to  alrengthen  tba 
parte  herein  included,  e  e  are  the  boiler* ; 
//  he   nginei;  and^^  thepaddle-wbeel. 

W     are  not  aware  that  any  veuel  ha* 

b    n      nstructed  on  Mr.  Gemmtll'i  plan, 

n       an  we  discover  in  il  anything  lo  recom- 

m  nd    t.     By  placing  the  wheels  on  the 

ts  d    of  the  vettcl  instead  of  tbe  central 

h  nn    ,  tbe  extreme  breadth  of  the  vessel 

IS  a  gmented  by  the  amount  of  Ihe  breadth 

b      baniiel,  which,  in  the  case  of  vessels 

py    g  on  rivers,   is   a  serious  objection; 

d     urtber,    the   paddle-wheels   are    no 

ng      protected  from  eoUiaioD  wi:h  other 

ssels,  but  form  the  same  dangerous  and 

u      ghtly  projection*  u  in  tteamen  of  the 

d      ry  constniclion. 

somewhat   singular   that   lb:  firat 

Me    propelled  by  steam  in  this  countiy 

VB    a    win-boet,  Mr.  M ill er't  experiment* 

b    ng  made  in  vessels  of  lliis  description, 

h         e  had  previously  con*tructed  witli- 

rence  to  the  employment  of  *tcam 

a     h    p  opellini,  power. 
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SECTION  III. 

THE  CONSTRUCTION   AND  ARRANGEMENT  OF  MARINE  ENGINES, 

BOILERS,  CONDENSERS,  &C. 


Peculiar  conttruction  of  Marine  Steam  Engines  generally. — Beam  Engine. — Lever  JBnciae.^— 


Cylinder  Engine.— tiick'i  Inverted  Double  Cylinder  Engine.— Maudtlay  and  Field's  Direct 
Action  Screw  Propeller  Engine. — Brunei's  Inclined  Cyluder  Engine. — ^Penn's  Oseillatijv 
Engine. — Borrlc's  Rotatory  Engine. — Condensation  of  Steam.— Seaward's  Salt-water  G*oge. — 
Maudslay  and  Field's  Pumps. — Brunei's  Condenser. — Nniier's  Condenser  in  the  *'  Kllmnn.'*— 
Howard's  Condenser.— Dr.  Church's  Condenser. — S.  Hall's  Condenser  in  the  **  WOberftHrce." — 
S.  Hall's  Salt-water  Still.— Parallel  Motion.— Reversing  Motion.— Seaward's  Slide  YalTes.— 
Morgan's  Balance  Valves. — Piston-slide  Valveii. — Expansion  Valves. — Snodgraaa's  Exi 
Valves.— Bourne's  Slide  Expansion  Valves.— Ordinary  Steam-boat  Boiler.— Se 
Boilers.— Boilers  of  the  "  Syrius."— "  United  Kingdom"  Boilers.— D.  N^er's 
Boilers.— Safety  Valves. 

Marine  engines,  in  general,  differ  in  their  construction  from  those  used  on 
land  in  several  points.  As  the  weight  of  the  machinery  of  steam-veasels,  and 
the  space  which  it  occupies,  necessarily  excludes  a  portion  of  the  cargo,  it 
hecomes  an  object  of  the  greatest  importance  to  diminish  that  weight  and  space 
to  the  utmost  degree  compatible  with  the  requisite  stability  and  means  of 
working.  These  essential  qualifications  shoidd  be  sought  for  by  the  adoption 
of  the  most  judicious  forms  for  obtaining  the  greatest  strength  and  solidity  with 
the  least  quantity  of  material.  Marine  engines  should  luso  be  as  simple  as 
possible,  consistently  with  their  efficient  performance :  as  they  are  exposed  to 
severer  trials  than  any  other  class  of  engines,  they  are  consequently  more  liable 
to  derangement ;  and  the  delays  and  expense  attending  repairs  become  serious 
evils,  as  the  profitable  employment  of  the  vessel  is  thereby  suspended. 

An  important  consideration  is,  the  position  of  the  centre  of  gravity,  which 
sliould  be  placed  as  low  as  possible,  in  order  to  obtain  the  greatest  degree  of 
stability  for  the  vessel ;  as  a  very  slight  heel  or  lateral  inclination  of  the  vessel 
materially  increases  the  load  upon  the  engines,  and  detracts  from  the  speed. 

From  these  and  other  considerations,  the  arrangements  and  proportions 
commonly  observed  in  land  engines  require  to  be  modified  for  marine  pur- 
poses. The  length  of  the  stroke  is  much  shorter  in  proportion  to  the  diameter 
of  the  cylinder  than  is  usual  in  land  engines;  the  lengtn  of  the  stroke  seldom 
exceeding  the  diameter  of  the  cylinder  by  more  than  a  sixth,  and  frequently 
being  even  less  than  the  diameter.  The  beam  likewise  is  shorter,  being  gene- 
rally rather  less  than  three  times  the  length  of  the  stroke ;  and  instead  of  hav- 
ing only  a  single  beam,  the  centre  of  which  is  placed  considerably  higher  than 
the  centre  of  the  shaf\,  there  are  two  beams  working  outside  the  side  frames, 
and  the  centres  are  placed  as  low  down  as  the  vibration  of  the  beam  will  admit, 
the  connecting  rod  working  upwards  instead  of  downwards.  This  arrangement 
originated  in  Scotland,  ana,  we  believe,  with  Mr.  David  Napier,  of  Glasgow. 

The  shaft  is  considerably  higher  than  the  top  of  the  cylinder,  and  the  frame 
which  carries  it  is  braced  to  the  cylinder  by  a  strong  diagonal  truss.  As  an 
imlimited  supply  of  injection-water  can  be  obtained  without  tlie  use  of  a  pump, 
the  cold-water  pump  is  dispensed  with,  and  also  the  cold-water  cistern,  which, 
in  land  engines,  usually  surrounds  the  condenser.  The  motion  of  the  vessel 
precludes  the  ordinary  mode  of  feeding  the  boiler  by  means  of  a  feed-head 
and  a  regulating  float;  the  water  is  therefore  conveyed  direct  from  the  feed- 

f)ump  to  the  boiler,  and  the  supply  is  regulated  by  hand,  by  means  of  regu- 
ating  valves  or  cocks. 

Owing  to  the  rapidly  corrosive  action  of  sea-water  upon  iron,  whether  mal- 
leable or  cast,  it  is  found  necessary  to  construct  all  the  moving  parts  of  the 
engine  whicb  are  exposed  to  it  of  copper  or  gun-metal ;  the  air-pumps  are 
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Acnfim  lined,  uid  the  dr  pmnp  rodi  ibtsllud,  whli  eoppar brnn^ieUl,  nd 
all  the  TalvM  and  cocki,  md  tu  plnngeis  of  the  fc«d  Kid  b^e  pnmptj  m 
mad*  of  bnm  or  gmi'iaetal. 

Marina  enginM  an  ganwaUy  «f  Iba  dau  known  ai  Baitn  Eoginci,  in  wkieli 
the  action  of  tba  maton  b  tranimittcd  to  the  ennk  hj  a  beam,  wboae  fUmtn 
M  in  the  centre  of  ite  tengtk;  we  iball  therefore  ooinnMaee  tm  deacription 
with  one  of  tbii  elan^ 

Aeaai  Engiat. — The  annazad  fignra  lepraaenti  a  longitndiBtl  eecttmi.  At 
a  M  the  bundation^Ula,  on  which  tha  anginea  are  erected;  It  ii  npportad 


upon  two  deep  ileepen  of  wood,  which  ci 
which  ihey  are   firmly  boiled.     A   portion  of  tl 


a  the  floor-timhen  of  the  Tcttel,  (o 

,   -        -     —  ^ of  the  bed-p)ate  i«  fonoed  intoa 

channel,  nearly  s>  deep  aa  the  ileepen,  part  of  which  channel  fonni  tha  bottom 
of  the  condenser,  and  another  part  receive!  the  foot  of  the  air-pump;  b  tha 
cylinder ;  c  the  ilide-caie,  which  it  formed  of  three  vertical  compartmenli. 
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connected  tt  top  ud  boUom  bj  tfae  apettara  4d;  tLt  Duddk  c 
fotin*  ihe  (teun-cluinber,  and  the  lide  conpartmenli  mre  tlie  et* 
e  ii  the  iteam  inlet ;  /  the  iliile^TalTe,  formed  of  two  abort  did 
a  rod,  which  ii  found  preferable  to  a  ungle  long  ilide  for  Uim  engi 
latter  ia  liable  to  warp ;  the  ilidei,  which  on  the  back  fbnn  2»oat  onc'tkitd  of 
a  circle,  are  preued  up  to  the  aeati  by  tcrewB  at  the  back,  actiDg  npon  «  blo^ 
afmet^  faced  with  a  thick  (ort  of  mat,  made  for  the  jpnrpoae;  yibe  Talra 
lever,  working  upon  the  ibaft  of  the  parallel  motion  aa  a  mlcnun  ;  the  molioa 
of  the  eccentric  la  communicated  bj  the  intermediate  lerer  y;  i  ibc  wi  alli  1 
bar;  j  the  condenaer,  caat  in  one  piece,  with  k  the  hot-well,  aad  birltfrt  to  dM 
foundatian-plate ;  ■  the  injection  pipe.  A  tnbe,  or  cytindiial  paaiage,  ia  caat 
in  the  condeoier,  through  which  pan  the  gudgeoni  I  of  the  working  beam ; 
theae  gndgeona  are  rery  aecurely  wedged  into  boaKa,  caat  on  the  udn  of  Ibe 
condenier,  and  the  binaa  bcannga  arc  fixed  in  a  bou  in  the  ctntit  of  tha 
beam  ;  M  the  aii^pump;  a  the  foot-valvt ;  o  the  blow-through  ralve,  thronglk 
which  the  air  and  water  are  blown  out  of  the  condenaer  at  atattiiig  the  engine; 
p  the  delivery  ralre,  through  which  the  water  paoea  into  the  hot-weil ;  q  the 
pa»age  leading  to  die  feed-pump ;  r  the  connexion  with  the  relief  valve  ;  t  tha 
paHBgeby  which  the  waale  water  ii  carried  off  Into  the  tea ;  (  an  air-veaaci;  a  the 
beam ;  te  the  connecting  rod ;  y  the  crank  ;  a  the  blow-lhmogb  cock,  coDnecl- 
ing  the  iteani-chamber  of  the  alide-case  with  the  edoction  pauage ;  thia  cock  b 
opened  previouily  to  ttarting  the  enginei,  for  the  purpoce  of  expelling  the  aii 
from  the  engine),  or,  ai  it  ii  termed,  bioBtHg  through. 

The  feed-pump  and  bilge-pump  are  worked  from  the  rroaa-bead  of  the  ur* 
ptunp,  and  could  not  be  ihuwn  in  the  iketch.    Ilie  annexed  figure  repreaenia, 
on  alarserteale,  aaec- 
tion  of  the  feed-pump, 
with  ita  valve*,     a  n 


a  a)ufiiiig-boi  iu  the 
pump-harrel    e;    d   u 
the  valve-box  atUcbed  J)i    rmLJ 
to  the  aide  of  the  hot-       Ty      y   |] 
well;  «U.he.uction-=j-|j=W7!j' 
valve,  through  which     u    " 
tha    water   ii    drawn 
from  the  hot-well  into 


plunger 


the   1 


Q  out  at  the  valve 
f,  along  the  feed-pipe^ 
to  the  boiler,  uiileil 
the  regulating  valvea 
or  cocks  on  the  boiler 
ahould  be  quite  cloied, 
when  it  raiiea  the  load- 
ed valve  h,  and  re- 
tumt  to  the  hot-well 

%the  aperture  k. 
e  load  per  iquare 
inch  on  the  valve  h 
mutt  Bomew  hat  exceed 
the  preiaure  per  aquare 
inch  of  the  atearo  in  the  b«1er. 

In  addition  to  the  bolti,  by  which  the  cylinder,  condenaer,  and  aide-frame* 
are  acrewed  down  to  the  foundalioD- plate,  d>ere  are  twelve  itrong  bolta,  called 
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fcolding-down  bolti,  which  an  puud  from   the  ontiide  through   the  floor- 
timben,  aleepen,  fomiilalian -plate,  and  booei  on  the  cylinden,  condeniera  and 
aide-fnmei,  and  Krewed  a*  nmlj  as  pouible  b;  ttmag  oDti.     Theu  bolt*  ar« 
of  copper,  or  iron  tinned,  in  order  to  re>i>t  the  coiroeion  of  the  tea-water. 
Tbe  arrangement  of  the  Beam  Engine  if,  pecbapa,  that  which  i>  beat  adapted 


smngentent  (or  diipenaiiig  with  the  aide-beami.  Sereral  of  theac  deviatioa) 
fram  the  comcnon  fccm  we  ahall  now  proceed  to  deacribe,  commencing  with  ona 
which  niay  be  contend  aa  ialermeoisie  between  tbe  Beam  and  tlie  Direct- 
action  Enginea ;  it  ia  commoolT  tenned  a  "  Lever  Engine,"  the  action  of  the 
piatan  being  tnnamitted  to  tne  crank  by  a  lefer,  wbcae  fulcnun  ii  at  the 
eitiemity. 

Lever  Engme, — The  accompanying  figani  repreaenti  In  aection  an  eoeine 
of  Ihia  claia.  a  ia  the  cylindet ;  b  the  alide-eaae ;  e  the  iteam-pipe ;  d  the  tilde, 
of  the  Bort  commonly  known  ai  the  long  tide,  which  ia  hollow,  and  fonnt  the 
eduction  paaaage  ;  /the  way-abaft,  by  which  the  tolve  it  worked;  y  iithecon- 


denaer,  cait  in  one  with  the  bed-plate,  and  forming  a  pedeital  to  the  cylinder  ; 
A  the  injection- pipe ;  i  the  fool-TalTe ;  /  the  air-pump,  inirrted  in  a  chamber 
formed  in  the  Ded-plate ;  m  the  blow-through  valve;  n  the  delivery  valve; 
o  the  hot-well ;  p  the  woite-water  paaaage.  The  feed-pumpa  may  be  nippoaed 
to  be  arranged  aa  in  the  engine  fiiat  deacribed,  j  and  r  neing  the  paaaagei  con- 
nected with  the  pump ;  ( i>  the  beam  gudgeon ;  e  the  beam ;  a  the  connecting- 
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rod;  X  the  crank;  y  the  lide-frame,  firmly  secured  to  the  bed-plate,  and  toatrang 
flaoges  cast  on  the  cylmder ;  z  the  guides  in  which  the  eroas-liead  moves. 

Inis  arrangement  appears  to  ut  to  be  inferior  to  the  preceding  one,  and  to 
possess  few  recommeudations.  Very  little  space  is  gained,  or  weight  saved ; 
and  as  no  longer  cylinder  can  be  employed  than  witn  a  Beam  Engine,  the 
crank  of  course  roust  be  shorter.  In  the  Beam  Engine,  likewise^  the  parts 
acting  on  each  half  of  the  beam  nearly  counterbalance  each  other;  but  in  the 
Lever  Engine  the  weight  of  the  steam  and  aii^pump  pbtona,  aide-rods,  and 
conuectinff-rod,  acts  all  on  one  side  of  the  fulcrum,  and  therefore  requires  to  be 
counterbalanced,  which  is  sometimes  done  by  having  one  of  the  paddles  of  the 
wheel  formed  of  cast  iron,  of  the  requisite  tluckness.  Lever  Enginea  are  yeiy 
common  in  boats  on  the  Humber, 

Napier^a  Dhreel-aeium  Engine. — ^The  annexed  figure  representa  a  Direct- 
action  Engine,  which  in  appearance  ereatly  resembles  the  preceding,  the  small 
side-beams  being  retained ;  but  solely  for  the  purpose  of  working  the  pumps. 
It  was  applied  by  Mr.  David  Napier,  of  Glasgow,  to  the  "  Unitd  Klngdcmi" 
steam- vessel,  at  a  period  when  it  was  considered  as  of  great  dimensiona. 

In  the  annexed  engravings,  F^.  1  represents  an  end  view  of  the  two  engines, 
and  Fig,  2  a  side  view  of  one  of  them. 

The  cylinders  a  a  are  of  cast  iron,  and  fixed  to  a  framinff,  which  is  bolted  to 
the  bottom  of  the  boat  The  piston-rods  6  6  are  keyed  at  me  upper  ends  to  the 
cross-heads  c  c ;  to  the  exterior  ends  of  which  are  attached  the  connecting- 
rods  d  d.  The  lower  ends  of  these  connecting-rods  are  inserted  in  the  fon 
ends  of  the  beams  e  e,  which  vibrate  upon  a  shait /*,  the  bearances  of  which  rest 
upon  the  top  of  the  condenser  g.  In  the  same  rorks  are  inserted  the  ends  of 
other  connecting-rods  h  A,  which  are  keyed  at  their  upper  ends  to  cross-heads  it. 
In  the  centre  of  these  cross-heads  are  bosses  laree  enough  to  receive  the 
rodz  jjf  which  extend  to  the  crank  pins  of  the  cranxs  kk.  These  cranks  are 
fixed  to  the  main  shaft,  which  rests  upon  the  bearances  //,  upon  the  arches  as, 
which  are  bolted  to  the  cross-beam,  as  at  n.  The  shafts  are  shown  as  broken 
off  at  the  outer  ends,  but  they  extend  to  the  outside  of  the  paddle-wheel. 

The  side  beams  e  e  are  not  straight,  butyhave  two  bends,  represented  by  the 
lighter  parts  of  tlie  shading ;  the  ends  near  the  cylinder  being  therefore  much 
farther  apart  than  the  opposite  ends,  so  that  they  may  take  up  as  little  room  as 
possible,  by  lying  close  to  the  respective  parts  of  the  machinery.  They  are 
also  forked  at  the  end  nearest  the  air-pump  o,  so  as  to  admit  the  inseriion  of 
the  pump-rods  p,  which  are  connected  at  their  upper  ends  to  the  cross-head  q, 
in  a  bush,  hi  the  centre  of  which  is  keyed  the  air-pump  rod  r.  Connecting- 
rods  s  are  attached  at  t  to  the  side-beams  e,  and  at  their  upper  ends  to  cross- 
heads,  which  are  connected,  as  at  u  u^  (Fig.  1,)  to  two  rods,  which  work  the 
plungers  of  two  feed-pumps  v,  for  supplying  the  boiler,  j  is  the  apparatus  for 
blowing  through,  previous  to  starting  tne  engine.  It  consists  of  a  cock,  which 
opens  or  closes  a  communication  between  the  steam-chest  and  condensers,  by 
turning  the  handle.  The  rod  and  lever  x  are  for  the  purpose  of  regulating  the 
quantity  of  injection  water  which  enters  into  the  condenser,  by  a  pipe  from  the 
outside  of  the  vessel,  and  can  be  increased  and  lessened  in  quantity  by  turning 
a  cock  to  which  the  rod  x  is  attached ;  y  is  the  hot-well,  into  which  the  con- 
densing water  is  discharged  from  the  air-pump.  The  feed-pumps  are  sup- 
plied with  water  from  this  hot-well,  through  the  mediiun  of  a  pipe,  the 
overplus  being  discharged  through  the  side  of  the  vessel  by  another  pipe  which 
is  not  seen. 

Seawards  Gorgon  Engine. — The  annexed  engraving  represents  an  arrange- 
ment for  a  Direct-action  Engine ,  devised  by  Messrs.  Seaward,  and  commonly 
known  as  the  "  Gorgon  Engine,"  from  having  been  first  employed  in  a  govern* 
ment  steamer  of  that  name,  a  is  the  steam  cylinder,  and  b  the  piston-rod, 
which  is  connected  to  the  crank  e  by  the  connecting  rod  d.  The  head  of  the 
piston-rod  is  guided  vertically  by  the  parallel  motion  as  follows : — e  b  a  rocking 
standard,  carr3ring  at  its  upper  end  the  fulcrum  upon  which  the  beam/tuma. 


SEAWAUn  DIUCT-ACTHHI  ENOIRK. 

n*  ifsaf  B  aetMi*.    Tkoitcrn^  m  iiT  the  ben 
^fUHBa.    TWiGdc-Tdmncaf •peenEuconAnctMi^ 
r*lMtt4  hj  Mi;  SMra<  aai  which  «ai  be  dwribcd  m  die  Utter  pot  oT  da 


n*  r,  the  npim'  poiticin  «f  vhich  ionas  the  bot-wdL 
cooKinctcd  WTcraliMinaf  eDgmetofthiidacTTpdcB, 
vhidi  aMj  be  catutdncd  m  proof  «f 


Mom.  Seaward  Iutc 

•f  UfJ^  JimjTWMUM,    for  U 

tbe  cfficicKj  of  the  plan. 

Pma't  Dirrtt-aetiem  Enjimr. — Tbb  amogaaetiX  of  marine  m^iata,  ifaows 
io  the  oppoaile  asgnriag,  originated,  ve  faelicTe,  with  Mr.  I^nn,  of  Grttm- 
wieh,  «bo  bu  applied  it  to  icme  iteam-boali  on  the  Tfaamea.  At  a  ti  tb* 
cylinder;  t  the  piitoit-iod,  canjiog  the  croaabtaJ  ce;  Ihn  ewaa  toad  (iiinaa« 
«  tpoi  anna,  brandung  diagonal];  from  the  centre.  On  each  ode  In  oile- 
reda  d  d  are  raapended  (rom  the  eztremitiea  of  the  arma  e  c  of  the  i.iiiaa  biad, 
and  aie  attached  at  the  kiwer  end  to  a  bar  e.  In  the  eentie  of  Ab  bar  m  a 
|HnJ^  to  athiefa  the  forked  end  ^  of  the  eonuectiiig-rad  k  ii  coopled;  it  aretws 
gnidMndi,  npoo  vhidi  the  bar  t  alidea,  the  rods  pawiiig  thmwh  braaa  bndMB 
aiadiad  lathe  aide  of  the  bar;  k  ia  the  crank,  and  at  the  dde-ftame;  alba 
alidf  Mtf,  and  p  the  rteam-pipe.  ' 

Wbeo  only  mm  engine  i«  employed,  initead  of  a  lotted  eooncetmr-rad  iba 
rodtf  are  aometimeaeannected  directly  to  the  crank,  the  pin  of  aUebiac^ial 
in  length  to  the  dbtance  between  the  two  connecting  rod*  g.  By  lbs  iioiii  k 
longer  itroke  may  be  obtained  in  the  ■sme  height,  and  the  Ol 
•omewhat  lighter. 


PENH'S  DIKECr-ACnON  ENGINS. 


Tie  Steeple  Engme. — This  amnnment  i*  MtennTcl;  adopted  on  (he  Clyde, 
with  Hime  variationB  in  the  minor  detaila,  according  to  the  rien  of  different 
makers.  At  a  is  the  condenser,  consliluting  tbe  base  of  the  Cfliader  h  .  the  cross- 
head  c  of  tbe  pUlon-rod,  instead  of  beiog  parallel  to  the  shaft,  as  is  usual,  stands 
at  right  angles  lo  it ;  and  froiD  tbe  ends  of  the  cross-head  lise  two  rods  d  d,  which 
are  connected  at  top,  forming  irilh  the  cross-head  a  triangle.  Through  the 
apex  of  this  triangle  passes  a  pin,  the  ends  of  which  work  in  guides  e,  to  cause 
the  piston-rod  to  preserve  a  parallel  motion.  The  connecting-rod  f  is  sus- 
pended from  the  central  part  of  the  pin,  and  the  lower  extremity  is  connected 
to  the  crank  g,  which  revolves  within  the  triangle.  The  Irame  h,  which  carries 
the  shaft,  is  supported  upon  four  short  colums,  which  rest  on  the  cylinder ;  and 
the  vertical  guides  e  are  braced  to  this  frame  hy  the  rods  ilc;  f  is  the  slide- 
valve  ;  n  a  bonoet  over  the  foot-valve  :  n  the  air-pump  ;  o  the  hot-vell  on  the 
top  of  it:  p  [he  waste  pipe.  The  air-pump  is  worked  liy  the  heam  q,  which  is 
supported  at  one  end  by  the  rocking  standard  r,  and  at  the  other  is  connected 
to  the  apex  of  the  triangle.  The  feed-pump  i,  and  the  bilge-pump  on  the 
other  side  of  the  air-pump,  are  worked  from  the  cross-head  of  the  air-pump. 

We  believe  Mr.  David  Napier  introduced  the  plan  of  suspending  tbe  con- 
necting rod  above  the  crank  in  steam  vessels,  but  Trevithick  employed  a  similar 
arrangement  iu  bis  steam-carriage  in  1802. 

Tbe  motion  for  the  air-)iump,shDwn  in  (he  skelub,  (p.692)is  not  thatwhichis 
commonly  employed,  hut  is  the  best  which  we  have  noticed.  Sometimes  the  air- 

nmp  is  worked  from  one  end  of  tbe  crost-bead  of  the  piston-rod,  and  the 
ee-pump  and  feed-pump  from  tbe  opposite  end  ;  and  in  some  vessels  the 
slide-valve  is  at  tbe  side  of  the  cylinder,  and  two  air-pumps,  of  small  dian 
arc  worked  from  the  eilremities  of  tbe  cross-head. 


THE  STEEPLE  BNOINE. 

Tbii  umgement,  like  tlist  of  the  OidUaliDg  Enpne,  admita  of  a  loog 


sdTantagei ;  a  couidenble  weight  Uei  at  a  great  height  ^wve  the  centie  rf 
graTJty ;  the  oblique  tbnut  of  the  ctmnacliDg-Tod  acti   with  aome  leren^ 

r'ait  the  upper  framiDj  '  ■•- =- -  '  -       ■-  ■  •-'  -< 

dmk. 


imiDgi  and  the  eDgiDe-houM  raqoina  to  be  carried  abore 


OaBonag't  Inverled  Cylmdtr  Engine.  —  The   engraving  on   the   oppodte 

Do  ezhibiti  hh  arrangement  for  meriae  engines  for  wliicb  Mr.  Elijah 
loway  obtained  a  patent;  and  which  has,  we  believe,  been  adopted  in  one 
or  two  veuela  plying  on  the  llumber.  At  a  a  the  cylinder,  nipportcd  i>paa 
the  frame  or  platform  bb  ;  c'u  the  air-pump,  placed  beneath  the  cylinder,  and 
concentric  with  it :  the  piiton-rod  d,  of  (be  air-pump,  paMei  through  a  atufEng- 
boi,  in  the  cover  at  the  air-pump,  and  through  another  ■tuffiug-boz  in  t£e 


0ALLOWA<«  INVERTED  CYLIHDBB  ENGINE. 


),  pau  down  through  itaffinfr-lHnr 
keyed  iato  a  CTOs>-he«d,  /,  which  ii  curved  to  M  to  enconipui  one  half  of  the 
air-pump,  aa  ahown  in  the  plan  separately  given  of  it ;   gg  are  two 
rod*  proceeding  from  the  beaiiogi  of  the  anni  of  the  cnm-head  U 


A  A ;  i  I  i  >  are  the  plufflmet  blocks,  which  carry  the  paddle  ihatt ;  two  of  theie 
are  Bupporled  by  the  cover  of  the  cylinder,  and  the  other  two  by  the  (ide 
frames  it;  nt  ii  the  neck  in  which  ii  placed  the  foot  valve,  connecting  the 
pump  with  the  condenieni ;  1 1  are  the  guides  in  which  the  crou-head  /  work*. 

Humpheryt  TViMil  EngiM.  -  Mr.  Francia  Humphery  obtained  a  patent  io 
1835  far  an  airangement  in  w  ich  not  merely  tha  aide  beami,  but  likewiie  the 
wMon-iod  was  dUpenied  with  ;  the  power  of  the  ei^ne  being  tianimitlad 
direct  from  the  piiton  to  the  crank  by  the  connecting  rod.  To  lUa  novel  form 
of  engine  he  gave  the  dininguiahing  name  of  the  Trunk  Engine ;  it  m  remark- 
able alike  for  originality,  simplicity,  and  ingenuity.  Tha  annexed  cut  (p.  694) 
repreMntsaverticalsectioD  of  the  engine,  a  is  the  cylinder;  fi  the  piston  ;  e  the 
coDuecling  rod,  the  upper  end  of  which  is  connected  to  the  crank  i^  and  tha 
lower  end  paaaei  through  an  aperture  in  the  piston,  and  carriea  a  )un,  t, 
the  ends  of  which  work  in  bearing!  attached  to  the  under  aide  of  the  piaton  ; 
''is  a  bonnet  enclosing  the  bearings  and  end  of  the  connectinK  rod.  The  cou- 
iiecting  rod  works  within  a  case  oi  trough,  g,  which  is  boltea  at  bottom  to  the 
top  of  the  piaton,  and  which  alidea  in  a  stuffing-box,  k,  on  the  cylinder  cover. 
Itie  sides  of  the  trough  are  straight,  and  parallel  to  each  other ;  and  the  enda 
are  semicircular ;  the  width  ia  juiE  sufficient  to  receive  the  connecting  rod 
without  tubbing,  and  the  distance  between  the  semicircular  ends  is  auch  ai  lo 
allow  the  vibration  of  the  connecting  rod  during  the  revolution  of  the  crank, 
it  LI  the  slide  valve,  and  m  n  the  columiu  supporting  the  entablatiuv  la,  which 


6M  HDHPBBErS  imiNE-BNOIHE. 

eanic*  Iha  phimmer  blocki,  in  vhidi  Ifan  ahiA  refvlrM;  f  ha 
tbe  mt"*^  in  llw  efioAet  botton.    A  pair  of  eMDM  af  A 
r,  wen  couancted  br  Umh.  J.  ft  B.  Ban,  far  ■ 


0  bant  noww,  1 


Parkjn'i  SUdatf-Cmer  Eugnu. — Th«  adjmnmg  cut  ii  eiplanatorj  id  • 
direct'Ocdon  eagioe  invented  by  Mr.  Parkyo,  which  rewniblea  tbe  precedtng 
in  the  circuinataiice  of  the  piiton-rod  lerving  >bo  ai  the  coDOectilig  rod,  but 
by  a  •omeabst  different  diipoiition.  a  ii  the  rod  which  tervei  at  ouce  tbe  pur- 
poae  of  tbe  ordinary  piitoa  rod  end  connecting  rod,  being  attached  at  tbe  lower 
end  lo  the  piiton  t,  and  at  tbe  upper  to  the  crank  pin  c  ;  il  i>  a  racen  in  the 
piiton  h,  far  the  reception  of  the  lower  end  of  the  rod  a;  e  ■  eroti  pin  paa^d 
through  tbe  body  of  tbe  piiton  b,  and  the  eye-bale  /,  in  the  lower  end  of  the 
rod  a,  luming  freely  upon  the  pin.  Tbe  motion  of  the  crank  and  connectiDg 
rod  a  b«ng  angular  and  variable,  while  the  piiton  b  more*  uniformly  in  one 
vertical  pUne,  in  order  to  bring  the  two  motiotu  into  haimon;  with  each  otber, 
the  fdlawine  arrangement  U  adopted.  In  tbe  centre  of  the  eyUnder  corer;, 
and  in  a  One  parallel  with  ihe  crank,  tbere  ii  an  elongated  alii;  k ;  and 
immediately  over  thii  there  is  a  nipplementarj  ilesm-tignt  cover  t,  riuch 
movei  backward!  and  forwardi  at  right  anglei  to  the  main  ifaaft,  in  confortnity 
with  tbe  varying  poaitioni  of  tbe  crstik  and  conDecting  rod  a,  much  in  the 
■ante  way  ai  in  a  latha  the  tool  carriage  of  a  aude-reit  movei  on  its  bed.  Tbe 
under  portion  of  the  ttuffing-box  hai  two  amu  or  pint,  which  turn  in  ndlahlD 
bearingi  la  the  upper  or  supplementary  cover  ■',  whereby  the  ttoffing-box  ii 
enabled  to  adapt  itself  to  tbe  hoe  ot  tbe  piston  and  coonediag  tod  throughout 
tbe  entire  revMtUion  of  the  crank. 
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M«iTDn.«T*i  AmncAk,  Ctlinbir  Emarm 


696  HACDSLAT  ft  FIELD'S  DOUBLE  CTLINDER. 

Maudtlay't  AnmiiaT  CyUmJer  Engitit. — Thii  ii  k  new  amngeiiMnt,  patolcd 
by  Mr.  Joseph  Haudilay,  in  1841.  We  nndenUnd  that  terml  enjdna  ban 
been  conatiucted  on  thU  plan  bj  the  firm  of  MMidiUy,  Sooa,  and  Keld.  lli 
dutinguiihing  feature  ii  the  annolar  form  of  the  working  cjUnden.  fi^.  I  (p.  695) 
b  a  (ectjonal  elevation,  and  Aa.  2  a  plan.  At  a  ii  the  eiterior  ftcaat  cyunder ; 
b  a  imBller  cylinder,  fixed  in  the  centre  of  the  iteam  cylinder;  c  c  the  piitMl, 
of  an  annular  form,  aod  workiof  in  the  apace  between  the  two  cylinden;  dd 
the  piiton-tods  I  e  the  crou'head  ;  ffiodt  uni^ng  the  cross-bead  with  the  P^de 
block  g,  which  mores  in  the  cy^nder  b.  From  a  pin  in  the  guide  block, 
the  connecting  rod  A  i«  connected  with  the  crank.  Tbe  air-pump  and  oUm 
parts  may  be  attached  lo  the  engine  in  Tariona  convenient  waja. 

Uaud*lag  and  FUWi  Dciblt  Cglmdtr  Enmie.—Tiit  peculiaritf  of  thb 
engiine  consitt*  in  there  being  two  steam  cyundoi,  eacb  of  half  the  ares 
necessary  for  the  intended  power,  combined  so  as  to  form  one  engine,  and 
placed  so  far  apart,  as  to  leave  a  snace  between  them  far  the  connecting  nd, 
and  the  lower  end  of  a  T-shapea  erosa-hesd,  to  which  the  connecting  rod  ii 
attached,  to  work  in ;  the  piston-rods  being  attached  to  the  horizontal  extremi- 
ties of  the  T  cross-head,  and  moving  up  and  down  simultaneously  with  it  and 
with  each  other,  whereby  the  combined  action  of  both  pistons  is  applied  to  one 
crank  of  the  naddle  ih^  In  the  accompanying  drawings  Fig.  1  exhibits  a 
longitudinal  elevation  of  o 


le  of  the  engines,  etnuitting  of  two  stetun  cylinders 


worked  by  one  slide  valve,  as  shown  at  i  in  the  plan  /7y.  2.  F^.  3  exhihili 
a  transverse  seclinn  of  a  portion  of  the  vessel,  with  one  of  the  engines  in 
elevation.  At  a  a.  Fig.  1.  are  the  two  connected  working  cylinders  ;  (  6  their 
pisloii-ruds,  the  upper  ends  of  vrliich  rods  are  affixed  by  keys  lo  the  crou-head 
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eee;  kt  the  lower  end  of  the  croa-hrad  there  bft  (Mer  i,  wotkhig  between 
ribt  «e,  fixed  on  the  outer  nufeceiof  the  cylinden;  to  tfab  MAtrdaae  end 
of  ft  connecting  rod/ii  attached,  the  other  end  of  that  rod  being  attached  to 
the  crank  ^  of  the  pn^Uing  thaft. 

From  thii  iTrangement  it  will  be  perceired,  that  hj  the  dmnltaneous  aieent 
and  deaceoEof  ihe  two  piitoniin  their  workmg  cylindeti  bo,  the  rodi  bb  will 
came  the  cron-bead  c  c  to 
more  perpendicular!;  up 
and  down  between  iti 
enide  ban  *  >,  and  in  ao 
doing  to  raiae  and  depreea 
the  ilider  il  with  the  con- 
necting Todf,  which  rod 
will  bjr  that  meuu  be 
made  to  give  a  rotatory 
motion  to  the  crank  g, 
and  thcrebj  cauie  the 
paddle-wheel  ihaft  to 
-pomp,  and  the  feed  and 
,  woTud  by  the  lerer  m, 

connected  to  the  uider  d  hy  the 


The  aleam  it  admitted  to,  and  withdrawn 
bora,  theae  cylinden  by  oae  dide  valve  i 
common  to  both,  throngfa  a  pipe,  in  the 
ordinary  way;  the  ateam  paumg  through 
ibaa  »  ■        ■     ■ 


the  curved  J 


t  li  into  both 


panagea  t 
cylinden.  Theta  it  alio  a  narnnr  pauage  of 
communication  alwayi  t^en,  by  which  the 
■team  u  allowed  to  pan  from  one  nlinder 
to  the  other,  for  the  purpoee  of  keeping  the 
presiure  equal  at  all  tiinei  in  both  cylinders. 

The  advanlagei  itoled  to  be  realized  by  thii 
arrangement  are :  1.  Simplification  of  con- 
■truetion  ;  2.  More  direct  action  on  the  crank ; 
3.  Saving  of  ipace  and  weight  of  material  j 
and  4.  Obtaining  the  greateit  length  of  itroke 
and  connecting  rod  in  a  given  neight,  with- 
out any  lateral  prennre  on  the  piitont  or 
piiton-Todi. 

Hick't  limerUd  DoubU-tj/UndtT  Engine. — 
This  arrangement  reiemblei  the  preceding 
one  by  Menn.  Maudtlay  and  Field  in  the 
drcumitance  of  each  eneine  being  compoied 
of  two  cylinder!,  but  in  aU  other  reapecta  it  ia 
dififcrent.  The  cylinden  in  thii  engine  are 
inverted,  and  the  four  cylinden  compoaing 
the  pair  of  enginea  are  ranged  in  a  line 
■Croat  the  venel.  The  engraving  ahowi 
a  traniverae  leclion  of  a  portion  of  one 
ude  of  tlia  veiael,  with  an  end  view  of 
'  the  cylinden,  standing  upon  four  atrong  wiought- 
of  which  ia  abown,  in  order  to  bring  the  piilon- 
lumng  reat  on,  and  u*e  aeeured  to,  the  foundation 
plate  c  ;  and  pasdng  through  (uitable  boaies  on  the  lidet  of  the  cylinden 
support  the  entablature  plate  d,  and  the  crank  pedeitaU  above.  The  cylinden 
are  placed  at  a  lulficient  height  from  the  b^tom  of  the  venel,  lo  allow  the 
piaton-rodt    to  work  downward^      The  two   piitoa-Todi  //  are  connected 


Ihe  enginea.     At  i 
iron   c^iunna,   onli 
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Ix^ciUptI^  acriMs-bead  g;  the  iluffiTig-bDiH ; r  areof double  form,  i 
wonb  the]'  have  ft  ipace  for  picking  bulb  nt  lop  and  bottom,  being  ft 
with  lelf^acliiiR  oil  cupi  f^  labnenting  the  rod».    The  |ivwei  is  ttr- 
direclly  froui  ibe  niain  crota-b»d  g  brluiF  di  tlie  cranks  A  A  above  (he  i 
\ty  ihe  coimectiDg  tod  i;  the  two  pialon-rodi//,  uid  th«  oaonceting  e 


'111  I  JlllM  , 


:    lliprii 


g,  are  liirtber  seeuTed  and  made  lo  work  uniformty  together  by  meani  of  ■ 
■tron^  vibrating  frame  k  of  csat  iron,  fonnmg  part  of  (he  parallel  motion ;  uid 
which,  with  the  lide  levers  /,  tervei  alio  to  work  the  air-pump  ai  well  ai  the 
feed,  bilge,  and  brine-punipi.  Each  cylinder  is  furnished  with  a  aepardte  ilid* 
valve,  the  two  being  connected  together  by  a  cnwB-head,  worked  by  One 
eccentric  motion.  The  object  of  thus  dividing  the  valve  is  to  shorten  the  lengtlu 
of  the  steam  ports;  the  valves  being  brought  much  closer  up  lo  the  lace  of  tneir 
respeelive  cylinder*  than  would  be  the  case  if  one  only  were  laed  for  both. 
The  condenser  ia  placed  immediately  underneath  the  slide  v^ve  cue,  and  the 
air-pnmp,  foot,  and  discbarge- lalvcB,  are  atmilar  b  cnnstractioii  lo  thoi«  of 
ordinary  engines.      The  aii^pump  and  condenser  are  connected  together  by  a 
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D  plate.    The  vaite  watei  ii  diichaiged  frout 
the  hot-well  hf  an  OTcrflov-pipe  througb  the  tide  of  the  renel. 

MmlMap  a»d  lUWt  Dirtel-aetion  Scrap  Propeller  Engou. — This  engioe  it 
chieflj  dengned  for  diqwiuing  with  the  multiplying  vheeU,  or  eluiiM  4iid 
dnuni,  hitherto  employed,  betweea  the  engine  ccank  ftnd  the  ihaft  (rf  the 
11 ._  'n  orter  to  produce  »  niitablB  speed  ir    '     '  " 


The  annexed  figure  repinents  ■  Iruuverae  rerlica!  sectioa  of  the  eBginetj 
they  ara  ranged  nde  bj  side  in  a  line  coincident  with  the  line  of  the  propeller 


ihah,  and  immediately  over  the  engine  shafl,  which  ii  concentric  with  the  p. 

EUer  ihaf^  and  is  connected  thereto  by  a  conpUng,  which  admits  of  the  ihafk* 
iog  readily  dUcvonected,  when  the  *euel  is  required  to  be  pnipelled  hy  the 
MJb  alone.     In  order  to  obtain  the  requisite  speed,  the  engines  are  constructed 


o  work  with  a  very  short  stroke,  and  a 


m  kind  of  slide  valve  i*  employed,   . 


which  facUitatea  [he  rapid  exhaustion  of  the  cylinder.     At  a  a  is  the  cylinder, 
tupported  on  the  upper  part  of  the  condenser  p,  a    ' 


<n  a  projecbng  nsnee  o 
of  the  eneine  cranks  keye 


ir-pump  e;  d  is  the  engine  shaft ; 
thereon,  to  which  the  force  of  the  piston  is  transmitted  from  the  cross-head  /  of 
the  piston  rod,  by  the  connecting  rod  g.  The  slide  valve  is  composed  of  a 
hollow  segmental  plate  A,  working  in  the  cylindrical  steam  case  It ;  the  space 
above  the  slide  plate  being  occupied  by  the  steam,  and  the  cavity  on  the  under 
side  of  the  plate  communicating  with  the  condenser  by  the  passage  m.  T^e 
valve  works  on  its  axis  with  a  vibralory  motion,  and  thus  brings  each  side  of 
thepiston  into  communication  alternately  with  the  steam  and  the  condenser. 

The  foot  of  the  air-pump  is  inserted  in  a  flat  prolongation  of  the  condensei ; 
and  the  foot  valve  n  is  situated  in  the  bottom  of  the  pump.  The  delivery  valves 
0  and  p  in  the  bucket  and  pump  cover  are  composed  of  annular  plates,  which 
rise  and  fall  vertically  between  guides,  and  admit  of  the  escape  of  the  air  and 
water,  both  at  the  periphery,  and  at  the  central  aperture  of  the  annular  piste. 
The  upper  portion  q  of  the  air-pump  forms  the  bolwell,  from  which  the  supply 
for  the  boilers  is  drawn  by  the  feed  pumps;  and  the  surplus  passes  off  hy  tfaa 
waste  water-pipe,  which  is  connected  to  the  aperture  r.  The  air-pump  is 
worked  from  tlie  parallel  motion  in  the  fallowing  maimei :  f  is  the  parallel  bar. 


TOO  BBUNEL-S  INCLINED  CTUNDER  BNGIKE. 

•faick  it  CMUMctcd  at  the  cDd  t  to  Ibe  atmitmi/;  and  at  tte  jiaint  *  to  te 
radiin  rod  w,  'tli*  MDlte  of  notioD  of  wbidi  u  at  «.  Tbe  parallel  h«r  ■ 
eitcnded  bejond  it>  ccDlre  of  OMitian  to  y,  from  vhidl  the  iii—  In  ail  of  Urn 
airf«imp  b  nupmded  b;  Imki,  or  a  conneeliDg  rod  s.  The  feed  aid  bi]g»- 
pmnpl  arc  cannected  to  the  uum  bi.aJ  of  tb*  air-pomp. 

Bnoufi  Inelmed  Cy&iJtr  Engimt. — Tbii  airangement  va*  patented  hj  Hr. 
Hare  BniDcl  in  1822,  and  he  employed  an  engine  on  thil  plan  for  pvmpt^ 
in  the  great  toblemmniQi  woifc  of  the  Tminel  mkdcr  ibe  Thamra  It  bm 
liheaiie  been  adapted  in  Krentl  Kaaat  boat*.  Tht  chief  improremeiit  cotnK* 
of  an  amDgemeDt  t4  the  worUa^  cjlindcn,  b;  vbidi  the  eooncctiiig  ro^  of 
two  enginei  are  mad*  to  give  motwo  to  the  vme  crank.  The  annexed  figni^ 
which  repreunti  an  deratiao  of  the  engine,  will  aJKtd  a  uaieut  idea  at  it. 
At  a  a  ii  a  (tnmg  triangular  Grame  of  caat^nm :  within  are  fixed  the  two 
c;1iaden  b  &.  Then  evCnden  an  bdined  towarda  each  other,  lo  aa  to  fbnn 
*D  angle  of  102*,  which  angle  Hr.  Bmnd  coniiden  to  be  preferable  to  anj 
other  for  imparting  arotatorj  motioQ  to  the  crank  by  the  altematuig  aetioo  of 
the  piiton-rodi;  ee  art  the  piaton-roda ;  Jd  the  connecting  roda  attndied  to 
the  crank  «,  whidi  gire*  motioa  to  the  paddle  ihafL    Tbe  pidMMoA  are 


Mlppotted  upon  ToUen,  running  upon  guide  platet  to  preaerre  their  pariillel 
motion  during  tbe  itroke.  The  >UBm  la  received  from  the  botlera  inlo  the 
unall  cylinder!  g  g,  and  by  the  action  of  the  piiluni  therein  is  alternately 
admitted  into  one  end  of  the  workine  cylinden,  and  ■  pauage  opened  for  iti 
escape  at  the  other.  The  action  of  the  pirton  is  regulated  by  the  eccentrici' 
placed  on  the  paddia  ihaft,  as  shown  in  I^g.  2.  These  eccentrics  gira  motion 
to  the  rods  h  h,  which,  by  the  intermediate  leTcra  ■  i,  operate  upon  the  pistons 
ID  tbe  small  cylhider.  This  ait«ngement,  it  sill  be  seen,  is  better  soited  to 
high-pretture  engines  than  to  coodennng  ones,  as  it  nObrds  no  convenient  mode 
of  working  tbe  air-pump.  In  a  French  Post-office  packet,  on  tbe  Dover 
Station,  the  engines  were  somewlut  similarly  arranged ;  the  two  engines 
impelling  one  crank  :  but  the  cylinden  were  on  the  osolUting  principle. 

PeiBi'i  Oieillaimg  Engine. — But  of  all  the  arrangements  of  direct  action 
engines,  that  which  admit*  of  the  greatest  length  of  stroke  in  the  smallest  com- 
pass, and  which,  perhaps,  is  also  the  simdest,  is  the  Oscillating  Engine,  invented, 
as  we  have  already  mentioned,  by  Mr.  Wit^.  The  very  extensive  adoption  of 
this  form  of  engine  for  steam  vessel*,  is  mainly  owing  to  the  example  of  Meaari. 
Penn  and  Son,  of  Greenwich,  who  for  some  yean  past  have  employed  it  in 
pirference  to  all  others ;  and,  by  their  Judicious  mode  of  construction,  added  to 
the  exquisite  style  of  workmanship,  hare  attracted  such  notice  to  the  arrange- 
ment that  most  of  the  leading  engineers  bave  to  tome  extent  adopted  it ;  and 
it  bid*  fair  to  supenede  moat  other  forma. 
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Hm  Hmexed  cut  nptcMnii  an  BTTUigeTnent  of  tfaii  d««cri[ition  oT  engine 
adopted  1^  M«Mn.  Penn  in  ■  renel  on  the  Thames,  vhick  diffen  iliglitly  from 
ibtv  otdiiufj  muugeiiMOL  The  "foiiDdatiaD  or  bed  pUte  of  the  enpoe  i« 
GOmpoeed  of  a  Mmi^  eut-irao  frame,  extending  aeroM  the  venel,  and  divided 
into  three  eompattmenti ;  the  twondeonei  being  oceajnedbj  the  ^linden,  and 
theeentialoae  albnmng  the  eondenier;  6  i«ane  of  the  ejlinden,  which  u  nu- 
pcnded  upon  hollow  aiet  or  gudgeon*,  working  in  beHingi  attached  to  the 
bed-plate;  ee  are  wrought-tron  jhUbii,  inppoTttDg  the  top  firame  d,  that 
catnei  the  bearing  of  the  mun  ihan,  which  it  formed  into  three  ciBnki,  to  one 
of  which,  e,  the  piilon-rod/of  the  iteam  e7lindeT  i  a  cmnected,  whilit  the 
centra]  one,  g,  worki  the  ait^pnmp  h  hj  the  medium,  of  the  conneeting  rod  i. 
The  (team  fma  the  boiler  enten  bj  the  gndgeon  which  it  aeareal  the  vewel'i 


le  i  h;  the  hollow  pawage  or  belt  m.     By  the 
ilide  vsItc  the  iteam  i«  admitted  to  the  cylinder,  and  discharged  from  the  tame, 


The  principal  difference  between  the  arrangemeDt  dncribed  and  Mr.  Penn's 
ordinary  arrangement,  ii  that  in  the  Utter  the  aii-pump  itandi  verticallj 
between  the  two  enetaes,  and  that  the  slide  ralve  caie  ii  placed  at  the 
back  of  the  engine,  that  is  to  laj,  midway  between  tlie  two  gudgeoni.  We 
(hall  conclude  our  account  of  the  Tarietiei  in  the  fonn  of  manne  enginei 
adopted  by  diSereol  engineers,  by  a  deicriplion  of  a  rotatory  engine  recently 
inrenled  by  Mr.  Peter  Bofiie,  and  which,  we  believe,  hai  been  applied  to 
aeveral  veneU. 

Borrit'i  Rotatory  Engine. — llie  accompanying  engraving  ii  a  traniTcne  uc- 
tlon  of  this  engine  through  the  centre  of  the  cylinder.     At  a  ia  the  foundation 

Elate,  to  which  all  the  parti  of  the  engine  are  directly  or  indirectly  attached ; 
ii  an  external  cylinder  fixed  to  the  foundation  plate ;  c  is  a  iniall  cylinder,  re- 
volving within  the  external  one,  on  a  ihaft  d,  whorc  centre  ii  placed -m  far^oTe 
that  of  the  external  cylinder,  that  their  circumference!  may  touch  one  another 
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at  (he  upper  pqinl  h'  ;  and  tllFipttce  between  them  ihua  gtndaally 
A'  to  the  lowvr  point  h'.     The  ibaft  d  puset  through  (team-light 
iu  the   cylinder  endi,   and  i-evolvei  in   bearing)  in  the  ftwn«t, 
6niilj  hotted  to  the  foundation  plate,  and  atafed  la  the  cylinder ;   » 
■llding  piiloni,  con listiae  each  of  two  arm*,  connected  togellier  bj 
painng  over  the  ■baft.     Their  breadth  ii  equal  la  that  ul  the  outer 
and  their  joint  length  over  their  extremitiea  u  neceaaarily 


iti  diameter,  owing  to  the  eccentricity  of  the  revolting  cylinder.  These  pirtont 
■lide  freely  at  right  angie*  to  one  another,  through  pasBagea  made  in  the  dr- 
cumference  of  the  revolving  cylinder,  their  iliding  motion  being  caused  by  ill* 
preasure  of  one  of  their  extremities  on  the  uccnding  aide  of  the  outer  cylinder 
(whichever  lide  that  may  be) ;  and  the  eccentricity  of  the  revolving  eyUnder* 
Ibrough  which  Iliey  alide.  k.»  their  length  ia  always  slightly  varying  duriu 
''  le  of  a  revolution,  the  dilTerence  is  made  up  by  metallic  packing  ylinS 
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betwe^i  the  two  thickneflses  of  plates,  of  which  the  aims  of  the  pistons  are 
composed.  This  oacktng  is  pressed  by  springs  towards  the  sides  and  circumference 
of  the  outer  cyhnder,  as  will  be  readily  understood  by  reference  to  the  figure. 
In  the  passages  in  the  inner  cylinder,  through  which  the  piston  slides,  there  are 
also  metallic  packings,  which  are  pressed  on  the  flat  surutces  of  the  pistons  by 
springs,  and  prevent  the  steam  passing  to  the  interior.  There  are,  besides,  two 
steel  rollers  at  the  inside  of  the  packings,  which  are  pressed  up  to  the  flat  sides  of 
the  pistons  by  screws,  for  the  purpose  of  diminishing  the  friction  of  their  sliding 
motion ;  but  these  rollers  are  not  necessary,  except  in  large  engines.  The  rim 
of  the  inner  cylinder  is  made  to  project  into  metallic  packing-boxes  in  the 
cylinder  ends,  whereby  the  steam  is  entirely  prevented  from  passing  into  the 
interior  of  the  inner  cylinder.  A  packing-box  is  also  placed  at  the  point  of 
contact  to  prevent  the  steam  passing  to  either  side.  From  what  has  been 
stated,  it  will  be  perfectly  understood,  that  the  steam  only  acts  on  the  projecting 
part  of  the  sUdins;  pistons  between  the  inner  and  outer  cylinders.  The  steam, 
m  coming  from  me  boiler  through  the  steam  pipe/  has  first  to  pass  the  slide ^, 
w*iich  is  worked  by  the  handle  L  After  passing  that  slide,  it  enters  the  steam- 
tight  jackety,  the  bottom  of  which  is  the  slide  face,  having  the  four  cylinder 
ports  klm  and  »,  and  the  eduction  port  g  on  it.  A  slide  o,  worked  by  a  handle 
p,  passes  over  these  ports  for  the  purpose  of  reversing  the  motion  of  the  engine ; 
on  this  slide  there  are  two  ports,  6^  and  o*.  In  the  position  in  which  the  slide 
is  shown  in  the  engraving,  the  port  o*  is  open  to  the  steam  port  I,  the  port  n  is 
closed,  and  the  two  ports  m  and  Ac  are  open  to  the  eduction  port  ^  ;  so  that  when 
the  slide  is  in  this  position,  the  engine  will  necessarily  move  in  the  direction 
indicated  by  the  arrows.  Now,  by  moving  the  slide  along  until  the  port  o*  is 
above  ^e*steam  port  Ar,  then  the  port  m  mm  be  closed,  and  m  and  /  open  to  the 
eduction,  so  that  the  steam  will  act  at  the  opposite  side  of  the  cyhnder,  and 
consequently  the  motion  be  reversed.  It  will  here  be  observed  that  the  lower 
cylinder  ports  m  and  n  are  never  used  for  admitting*8team,  but  only  for  leading 
offthe  used  steam.  The  object  in  placing  them  so  low  in  the  cylinder  is  to  allow 
the  vacuum  to  act  upon  the  pistons  sooner.  It  must  be  kept  in  mind,  therefore, 
that  in  whatever  direction  the  shaf^  involves,  the  steam  is  always  admitted  at 
one  of  the  upper  ports  k  ox  l^  and  the  used  steam  let  off*  at  its  opposite  lower 
ports.  All  the  ports  where  they  lead  into  the  cylinder  are  divided  by  bridges 
placed  diagonally  across  them,  so  that  the  pistons  may  pass  freely  over  them. 
From  the  relative  position  of  the  two  cylinders,  and  the  distance  between  their 
circumferences  gradually  increasing  from  contact  at  the  upper  point  h^  to  the 
greatest  distance  at  the  lower  point  h*  (which  in  this  case  is  ^  of  the  diameter 
of  the  external  cylinder,  but  may  be  varied  according  to  circumstances),  it 
follows  that  in  whatever  direction  the  engine  revolves,  the  area  of  that  part  of 
the  pistons  which  is  acted  on  by  steam  and  vacuum  gradually  increases,  so 
that  the  principle  of  expansion  b  carried  out  to  its  full  extent  without  the  aid  of 
expansion  valves  and  gear.  The  steam  passing  through  the  eduction  passage 
g  is  conducted  by  the  eduction  pipe  r  to  the  condenser  s;  tls  the  injection 
slide  placed  at  the  lower  end  of  the  eduction  pipe,  and  conducting  the  water  up 
the  pipe,  so  as  to  act  fully  on  the  steam  in  passing  downwards ;  it  is  worked  by 
a  lever  and  rod,  connected  to  the  handle  tf,  which  is  placed  in  proximity  with 
the  other  starting  handles  h  and  p,  The%ir-pump  is  a  double-acting  one.  It 
has  a  metallic  packed  piston,  which  is  worked  from  the  main  shsit  by  a  crank 
and  connecting  rod ;  and  the  piston-rod  is  kept  parallel  by  two  slide  guides 
bolted  on  the  air-pump  cover.  The  pumps  are  worked  from  the  main  shafl  by 
an  eccentric,  connected  by  a  rod  and  lever  to  a  rocking  shaft  df  on  which  are 
keyed  two  levers,  which  are  connected  by  rods  to  the  bilge  and  feed-pumps. 
The  latter  has  its  valve  chesty  bolted  on  the  hot  wel>  > 

Conderualion. — The  means  adopted  for  the  condensation  of  the  steam  is 
almost  universally  by  the  injection  of  cold  water  into  the  condenser,  as  in  land 
engines.  But  for  the  purposes  of  steam  navigation,  this  method  is  attended 
by  several  serious  evils,  which  we  shall  briefly  notice.  In  the  first  place,  the 
water  being  generally  strongly  impregnated  with  earthy  or  saline  matter,  and 
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which  ve  laall  notice),  but  none  are  om- 
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supply  of  vater  to  the  boiler*  cannot  ii  r^nUted  bj  adf-adjint- 

in  Itnd  engine*,  bnt  nuit  depend  upon  IM  can  of  the  attend. 


It  upon  thi*  (yitem  of  eondepiation  vben  applied  to 
u  the  nipply  of  vater  to  the  boiler*  cannot  be         '  ' 
ai,  M  in  land  engliie*,  but  nuit  depend  upon 
the  Rre-box  and  flues  are  liable  to  be  burnt  t&roiigh  b  the  arait  of  the 
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e  plan  mott  commonly  resorted  to  for  preventing  the  depoaitioa 
of  earthy  natter  in  the  boiler,  ii  to  discharge  a  portioD  of  the  water  from  dm* 
to  time  (technically  called  "  blowing  out"),  replaung  it  with  water  from  (he 
bat-well,  with  the  riew  to  prevent  the  water  becoming  aaturated.  Mr.  Seawird 
b«e  contrived  an  ingenioua  and  extremely  limple  plan  to  gnide  the  men  in  the 
performance  of  thii  operation.  In  the  glau  gangea,  attached  to  the  bailer  to 
■how  the  height  of  the  water,  are  two  glan  bulb*  of  diflerent  specific  gravitiei ; 
when  the  water  in  the  boiler  approaches  within  a  certain  dtstanee  of  the  p<rint 
of  saturation,  the  beaTiest  bulb  rises  to  the  surface,  whereupon  the  engmecr 
•bould  blow  out  water  from  the  boiler,  replacing  it  with  water  from  the  bot 
well,  until  the  lightest  bulb  dnk*.  This  contriTance  is  doubtless  of  gnat 
utility,  a*  it  enable*  the  engineer  to  conduct  the 
"  blowing  out "  process  with  much  greater  precisiDn 
than  he  could  otherwise  do.  Mr.  Seaward'a  appa- 
ralui  for  this  purpose  ii  shown  in  the  annexed  cut 
At  a  is  the  glass  gauge,  chiefly  indoeed  in  its 
metallic  case  i,  and  connected  hy  the  pipes  and  cock) 
c  c  with  the  boiler  d.  At  >  and  /  are  acrewed  plu;^ 
having  vertical  stems  proceeding  from  them,  whidi 
enter  the  ends  of  the  glass  tube ;  g  and  h  represent 
the  two  glass  balls,  the  lower  one  of  which,  bdi^ 
the  heaviest,  is  shown  a*  resting  upon  the  top  of  the 
'  lower  item,  while  the  upper  one  float*  on  the  liquid. 
The  process  is,  however,  still  dependent  upon  the 
attention  of  the  engineer,  and,  therefore,  liable  to  be 
neglected.  To  obviate  this  Messrs.  Maudalay  and 
Field,  instead  of  periodically  blowing  out  the  water, 
maintain  a  constant  stream  of  water  through  the 
boilers,  by  means  of  a  siqbU  pump,  worked  by  (he 
engines,  and  so  proportioned  at  to  draw  from  the 
owest  part  of  the  boiler,  at  each  stroke,  as  much  salt  s*  is  deposited  in  the 
boiler  hy  the  steam  consumed  in  thU  stroke.  But  the  operation  of  blowing 
off,  in  whatever  way  it  is  effected,  i*  seldom  completely  effectual.  It  also 
causes  a  great  watte  of  ftiel  hj  expelling  tram  the  boilers  such  a  large  quantity 
of  water  at  the  boiling  point 

These  and  some  minor  objections  to  the  system  of  condensing  by  injection, 
becoming  mon  sensibly  felt  ss  steam  navigation  advanced,  have  ciueed 
numerous  attempts  to  condense  the  steam  without  injection,  by  bringing  it  in 
contact  with  metallic  surfaces,  surrounded  hy  cold  water;  and  the  system  has 
at  length  been  brought  to  sucb  perfection,  s*  scarcely  to  admit  of  liirther 
improvement.  Some  of  the  arrangement*  for  this  purpose,  which  have  been 
put  in  practice,  we  shall  now  proceed  to  notice. 

In  1832  Mr.  M.  I.  Brunei  obtained  a  patent  for  various  improvements  in 
marine  engines;  one  of  which  improvementt  consisted  in  a  method  of  condensing 
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the  itewn  withoot  injection ;  wiib  the  view  of  lieeping  the  water  in  the  bmler 
conitsntly  fnmh,  uia  thai  prerenting  (he  coito»oii  and  incniitation  which  the 
lue  of  lea  water  oecaiioni.  The  condenur  coniiited  of  a  petniliar  combinalioii 
ofpipe*  ai  repretented  b;  Fig.  I,  which  {■  a  vertical  lectioii  of  the  apparatua. 
aaa  sie  a  horiiontal  row  of  pipes,  which  the  inrentor  ealli  "  matni ; '  etch  of 
iheie  maiiu  hai  on  the  upper  aide  a  row  of  locketa,  and  from  each  tocket  riaea 
a  cluster  of  copper  pipes  a  ft,  of  imall  diameter.  The«e  pipei  are  doacd  at  the 
upper  endi,  but  open  at  the  lower,  which  ate  inserted  m  holes  in  a  sort  of 
cups,  fitted  to  the  sockets  on  the  mains,  and  secured  thereto  by  a  long  screw- 
bolt  c ,'  which  panes  down  the  centre  pipe  of  each  cluster,  and  is  screwed  into 
the  main,  aa  shown  in  Fig,  2,  which  is  a  section  of-  one  of  the  dusters  on  a 
larger  scale.     The  maint  and  imaU  pipe*  are  placed  in  a  dstem,  through  which 


a  current  of  ooM  water  b  maintained  h;  a  pump  or  other  suitable  in 


the  bottom  of  the  mains,  is  withdrawn  hj  a  small  force  pump  t,  and  returned  to 
the  boiler.  We  are  net  anaie  that  this  apparatus  ha*  been  tried,  but  we  think, 
that  from  the  want  of  an  air-pump,  and  A'om  there  being  no  thoroUKh  draft 
through  the  amall  pipes,  it  would  be  difficult  to  discharge  the  air  fi^om 
them ;  which  would,  therefore,  prevent  •  good  Tacnnni  being  obtained,  and 
tnatenall;  obstmct  the  condentatiou  of  the  tteam. 

Amongstthe  first  topulin  pracdce  this  system  of  condensation  in  steam  veiaela 
was  Mr.  D.  Napier,  of  Glasgow,  who  made  trial  irf' various  arrangements  of  cool- 
ing surfaces,  and  if  he  did  not  completely  succeed  in  removing  the  evils  com- 
plained of,  he  at  least  greatly  reduced  the  amount  of  them.  'Hie  arrangement 
which  he  adopted  iaaBmaU  iron  vessel,  called  the  A'i/aiini,  deserves  notice  from  its 
extreme  simplicity.  The  condensers  consisted  of  a  shallow  iruii  casing,  on  each  side 
of  the  engine-room,  built  upon  the  internal  lurface  of  the  vessel,  which  thus  con- 
stituted the  outer  side  of  the  condenser.  The  inner  side  was  covered  by  an  iron 
casing,  which  communicated  with  the  water  outside  by  two  lai^e  apertures  in  the 
vessel ;  ,  one  at  the  foro  part  of  the  condenser,  and  the  other  at  the  after  port. 
The  space  between  the  condenser  and  the  ctmog  being  sufficient  to  allow  a  free 
circulatiiMi  of  the  waler,  the  condenser  was  exposed  on  each  side  to  a  current  of 
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cold  water  whenever  the  ▼etsel  was  in  motion.  The  annexed  ^amin,  repre- 
senting a  horifontal  section  of  the  condenser,  will  more  lolly  ezpEuii  tiie  con- 
stmction  of  this  tngenioas  apparatus,  a  a  represents  a  portioo  of  the  aide  of  the 
vessel,  constituting  the  outer  side  of  the  condenser ;  h  tne  inner  aide ;  e  a  sheet 
iron  casing,  which  encloses  tiie  condenser  on  the  inner  side;  d  die  aperture  by 
which  the  water  is  admitted  between  the  condenser  and  casing ;  e  the  outlet 
aperture.    The  dark  space  represents  the  interior  of  the  condenser,  to  which 


the  steam  is  conveyed  from  the  slide  case  by  the  pipe/,  attached  to  the  top ; 
and  ^  is  a  pipe  leading  from  the  bottom  of  the  condenser  to  the  air-pan^,  by 
which  the  water  and  uncondensed  vapour  are  withdrawn.  Mr.  Howara,  of  the 
Ring  and  Queen  Iron-works,  Rothernithe,  endeavoured  to  combine  condensa- 
tion by  injection  with  surface  condensation.  The  condenser  consisted  of  a 
cylinder  of  copper,  communicating  with  the  eduction  passage,  and  enclosed 
within  another  vessel,  through  which  a  current  of  cold  water  was  maintained  by 
means  of  pumps  worked  by  the  engine.  Within  the  annular  space  between  the 
two  vessels  was  placed  a  worm  of  thin  copper,  tlie  upper  end  of  which  waa  con- 
nected to  a  rose  head  within  the  condenser,  and  the  lower  end  of  which  was 
connected  to  a  small  force-pump,  which  drew  from  the  lower  part  of  the  con- 
denser. The  worm  being  filled  with  fresh  water  previous  to  setting  the  eneine 
to  work,  at  each  stroke  of  the  engine  a  portion  of  this  water  was  injected  mto 
the  condenser  amidst  the  eduction  steam,  which  thereby  became  condensed ; 
and  a  portion  of  the  water  resulting  therefrom  was  returned  to  the  refrigerating 
worm  by  the  force-pump,  and  the  remainder  forced  into  the  boiler  by  the  feed- 
pump. This  plan  of  condensation  was  tried  on  board  a  government  Teasely  as 
also  in  two  other  vessels  constructed  by  Mr.  Howard,  and,  we  believe,  with 
satisfactory  results :  but  as  it  formed  only  an  accessory  to  Mr.  Howard's  *'  Vapour 
Engine,"  which  proved  a  failure,  it  shsdred  the  rejection  of  the  latter. 

Some  years  subsequently,  Dr.  Church  obtained  a  patent  for  a  method  of 
condensation,  which  was  the  same  in  principle,  altbougn  the  arransementa  were 
somewhat  different.  The  opposite  figure  represents  a  section  of  Uie  apparatus. 
a  6  c  is  a  vessel  called  the  retirigerator.  It  is  divided  into  three  compartments^ 
placed  over  the  condenser  e,  the  upper  one  a  being  connected  with  the  lower 
one  6  by  a  series  of  pipes  of  small  diameter,  which  occupy  the  middle  portion 
or  cold  water  cistern  e.  During  the  operation  of  the  engine  a  constant  stream 
of  cold  water  is  maintained  through  this  cistern.  The  chambers  a  and  h  being 
previously  filled  with  distilled  water,  upon  the  admission  of  the  steam  from  the 
engines  into  the  condenser  e  by  the  pipe  d^  the  injection-cock/  is  opened,  and 
the  injection  water  is  distributed  in  a  shower  amidst  the  steam  by  the  rose  5, 
by  which  the  steam  is  instantly  condensed,  and  the  water  resulting  from  the 
condensation,  together  with  the  injection  water,  is  drawn  off  by  the  air-pomp, 
and  delivered  into  the  compartment  a,  to  be  cooled  down  again  by  descending 
through  the  refrigerating  pipes  c.  On  the  top  of  the  chamber  a  is  a  smidl  open 
pipe  for  the  escape  of  any  air  given  out  by  the  water. 

But  no  person  has  contributed  so  much  to  the  introduction  of  this  S3rBtem  of 
condensation  as  Mr.  S.  Hall  of  Basford,  by  his  various  contrivances  to  meet  all 
the  exigencies  of  the  case,  by  his  improvements  in  the  construction  of  the 
apparatus,  and  by  his  unwearied  exertions  to  demonstrate  the  superiority  of  the 
system,  and  to  procure  its  ^neral  adoption.  The  following  description  wHl 
serve  to  give  a  general  idea  of  his  arrangements.  The  condenser  consists  of  a 
cast-iron  vessel,  divided  into  three  compartments  by  two  horisontal  plates. 
Into  these  plates  are  secured  the  ends  of  a  vast  number  of  copper  tubes  of  small 
diameter,  which  form  a  communication  between  the  upper  ana  lower  diambers^ 
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er  comparUneDts,  of  the  condenier.     Thniogh  tb«  middle  comnartmrnt.  or 
cold  watrr  eiilcm,  a  itream  of  cold  water  ii  tnaintaioed  by  a  double-acting 

Cp.  Ilia  nppar  cbamber  eommunicatii  with  the  eduction  naMage,  and  the 
t  with  the  air-pump.  Tilt  iteam  fnnn  the  eduction  pipe  cDtering  the 
upper  chambcT,  is  inatantly  diipened  through  the  coDdeniing  tubei ;  and  by 
iti  contact  with  their  cold  aurfacei,  ii  reduced  ioto  water,  and  falU  in  a  iLower 
to  the  lower  compnitment;  from  which  it  ia  drawn,  toucher  with  the  air  and 
UDCODdeoied  vapour,  by  the  air-pump.  The  air-pump  deliven  the  water  into 
a  hot  well,  which  ii  cliwed  at  top,  so  that  the  upper  part  constitutes  on  air 
Teasel,  and  the  elasticity  of  the  compressed  air  forces  the  water  into  the  boiler, 
through  a  pipe  proceeding  from  the  lower  part  of  the  hot  welt  to  the  feed  Talvei 
or  cocki  on  the  face  of  the  boiler.  On  the  top  of  the  hot  well  ii  placed  a  snift 
Talve,  to  mainlsia  the  water  in  the  hot  well  at  a  certain  height,  so  as  to  prevent 
the  air  froni  entering  the  boiler  along  with  the  water.  The  whole  of  the  tteam 
from  the  cylinder  is  condensed,  the  water  returned  to  the  boiler;  but  there  is 
always  a  loss  of  water  to  a  greater  or  less  ettent  W  leakage  of  the  boilers,  and 
the  escape  of  steam  at  the  joints,  and  at  the  safely  valve ;  the  water  in  the 
boilcra  would,  therefore,  in  time,  be  reduced  below  the  proper  level,  unlens 
means  were  taken  to  repUce  the  quantity  of  water  so  lost  To  meet  this  diffi- 
culty, a  small  vessel,  called  a  "  still,"  is  inserted  iu  the  top  of  the  boiler,  and 
connected  by  a  pipe  and  cock  with  the  upper  chamber  of  the  condenser.  This 
slitl  is  charged  with  sea  water,  and  when  it  is  perceived  that  the  ^ater  hat 
become  lower  in  the  boiler,  the  cock  is  opened ;  and  a  communication  being 
thus  established  with  the  condenser,  a  partial  vacuum  is  formed  in  ^e  stiir 
This  causes  the  water  to  boi!  rapidly  at  a  much  lower  temperature  than  it  would 
otherwise  ;  and  the  steam  rushing  into  the  condenser,  is  condensed  along  with 
the  steam  from  the  cylinder.  The  additional  water  thus  obtained  is  delivered 
to  the  b<uler  by  the  action  of  the  air-pump. 

The  annexed  engraving  represents,  with  same  slight  alterations,  the  arrange- 
ment adopted  in  a  pair  of  engine*  eonitmcled  by  Messrs.  Hall,  of  Dariford,  for  the 
Wilbrrfaret  steam  packet.  We  select  it  as  the  most  perfect  which  we  have  seen, 
and  becauw  ■U  the  pati*  are  ditlineftv  shown.   At  a  ia  the  steam  cytloder ;  b  the 
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■tMm  pipe ;  c  ■  bell  or  cbaDDel  luirounding  ibecjilmdetjandcoiiTejing  the  ileuB 
to  iheilideTalTecheit  rf/yU  the  upper  chunber  of  IbeeondenMr;  ^thecoU 
water  ciilem,  in  which  the  ccmdentiug  lubn  c  *  an  alnalcd ;  k  ihc  lower  chamber 
of  thecondenHTi  k  the  Toot  valve;  'the  air  pump  ;h  the  hot  well,caatui  uae 


wilh  the  air-putnp ;  n  the  snifl  valve,  attached  lo  the  float  a;  p  the  feed  pipe, 
leading  to  the  boiler  ;  o  ii  the  cold  water  pump,  placed  between  tlie  slide  caae 
and  ihe  condeaser  ;  r  ibc  cold  waler  supply  pipe  ;  the  water  is  conveyed  From 
the  pump  to  the  condenser  by  a  channel  cast  on  tlie  fonndalion  plaU  of  the 
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•ngiaa  and  eoten  th«  eondeiMer  bj  the  mpertuTM  ( * ,-  llareoallet  pMMgM 
by  which  it  i*  duchareed  iota  the  tea ;  v  i*  the  throttle  Tal*e,  and  w  the  blow- 
throuf  h  valve ;  x  in  the  upper  chamber  of  the  condenaer,  ia  the  diatrihuting 

Elate ;  and  jr  the  pipe  leading  to  the  diitilliiig  vcskL  The  axil  of  the  ride 
!*ert  U  not  carried  through  the  condeaier,  as  ii  asm 

upoD  a  itoot  pin,  finnlj  kejed  into  a  mMiive  block,  t 
foundation  plate. 

The  fignre  in  the  margin  ihowi  the  mode  ot 
ftatening  the  Modensng  tabea;  a  ia  a  portiMi 
ofthenDperplateof  tbeeoDdaiiwr,madeofbiaH 
orcait  iTOD,  and  having  holeabrmcd  in  it  to  re- 
ceive the  end*  of  the  tabea,  a  jiortion  of  one  «f 
which  b  a  ihown  of  the  ftdl  aiie.  Theae  bole* 
are  to  the  depth  of  about  half  an  inch,  made 
of  a  rtttheT  greater  diameter  than  the  tabea, 
and  are  tapped  to  receive  a  acrewad  ring  or 
ferule  e ;  the  end  of  the  tube  being  inierted  in 
the  hole,  a  ring  of  aofl  tape  i>  ilipped  over  the 
end  of  ^e  tube  and  acnived  linnly  down  into 
the  hole  in  the  plate,  lo  as  to  press  it  into  close 
contact  with  the  sur&ce  of  the  tubej  by  which 
means  a  joint  is  formed  perfectly  steun  and 
water-tight;  and  which  yet  allows  fmr  the  ex- 
panaion  and  coDtraetion  of  the  metal. 

Itie  annexed  fignre  represents  the  distilling  appMmtna.  At  a  is  a  cast-iron 
vessel  bolted  down  over  m  ifierture  in  the  lop  of  the  boiler,  and  having  a 
ve««el  b  coDnedsd  to  it  by  iMi  e  e.  A  seriea  of  braii  or  ct^iper  tubes  d  d 
conned*  the  interior  of  the  two  veMel*.  The  lower  ctwnber,  U)e  tubes  d  d, 
and  a  portion  of  the  nppec 
chamber,  contain  Ma  water, 
which  enters  by  the  oipa  k, 
connected  with  the  cold  water 
chamber  of  the  condenser;  i 
ii  a  valve  governed  by  a  float  t, 
by  which  the  water  ia  main- 
tained at  the  proper  level.  Froa 
the  upper  patrt  of  the  veeael 


a  pipe  m,  furnished  with  a  slop- 
cock  It,  proceeds  to  the  upper 


chamber  of  the  condenaer. 
When  the  attendant  perceives 
the  water  in  the  boiler  begin- 
ning lo  fall,  he  opens  the  cock 
fi,  and  the  steam  from  the  water 
in  the  still  rushes  into  the  upper 
chamber,  and  is  condensed 
along  with  the  steam  from  the 
engines ;  and  the  water  re- 
sulting it  forced  into  the  boilers 
by  tbe  air-pump.  When  the 
water  in  the  boiler  is  by  this 
meani  restored  to  its  proper 
level,  the  cock  n  is  shut,  and 
the  operution  cease*.  When,  ^ 
from  the  water  becoming  ai 
rated,  it  is  required  lo  "  blow. 
out  "  the  itill,  the  cock  n,  and  a  cock  i,  on  the  pipe  h,  are  *bnt;  and  steam  ■• 
admitted  from  the  boiler  into  the  upper  vessel,  by  opening  tha  cock  a  and 
ibt!  cock  p,  which  connects  the  Icwer  part  of  the  Hill  with  »  diichargo-pip*. 


"10  PARALLEL  MOTION. 

|Hiuii>g  tliniugb  tilt  ibip'i  lidc,  aud  Uie  «ater  and acdiment  ar* dri*«n oui;  •( 
which,  by  reveniiis  iba  pcMiUaD  of  all  ifaii  cocki,  the  atiU  u  nohoMd  -m 
water  tioia  Ihe  cula  valar  clwaiber  of  tbi  condeiiter. 

Mr.  11a]1'«  iiivwnluiD  ht*  beri)  exteiuivcly  odopied  by  llie  Adulrak;',  I 
EmI  India  Com|iany,  nod  i-srioui  other  cooinania;  a*  well  m  privats  ia 
viduali.  The  SiriuM  of  32a  bonfvowtt,  lictcd  with  Ur.  HaU'acoDdaaaM,  i 
the  fint  ileam  vukI  whicb  cruiud  the  AUanlic  from  Ihii  counlry. 


ParaUd  UtitiM.—Tiie  parallet  motioo  cDnunonly  employed  fa  tnarint 
igtneo,  workine  wllh  side  bcaou,  u  exaclly  ■imilar  in  princtpJ*  lo  tliu 
nployed  ill  laad  enpnci ;  but  onring  to  tlia  pact*  bdng  ioTcrUi^  ii  uipaan 


ei^loyed  ill  laad  enpnci ;  but  onring  to  tlia  put*  bdng  ii 
diflcKOt.     It  ia  reprncuted  in  the  annezed  cut. 


n  the  two  enginea  for  wftiking  itio  biuid  gear, 
1,  it  it  occuionally  raquircd,  that  ibe  ceube  of 


The  radius  ih^ft  ii  uauslly  narked  bj  a  lingle  link,  Dt  tide  rod,  whicli  ii 
taehed  In  that  radiut  bar  and  tide  beom  which  is  HXl  the  vesteli 
order  ta  leave  more  space  between  ' 

In  constructing  ntarine  engines,  it 

the  radius  rod  shall  be  placed  in  aome  particular  point;  and  it  then  I 

necessary  to  determine  ibe  length  of  the  radim  bar  and  of  the  parallel  bu. 
Tbii  i>  usually  ascertained  by  repeated  trials  with  lods  of  dtGerenl  lengthy  Ibr 
want  of  a  correct  rule  for  readily  determining  it :  we  tlieiefore  give  ilia  fU- 
lowing,  which,  we  believe,  has  not  before  been  published. 

Let  a  b  represent  the  beam  at  ila  horitontfu  poiition,  c  the  centre  of  tlw 
cross  head  of  the  pision-rod,  and  c  b  the  side  rod  by  which  it  is  connected  to 
the  end  b  of  the  beam  a  b ;  and  lei  it  be  required  lliat  the  centre  of  the  r*diua 
bar  aball  be  in  the  point  if;  then  as  the  parBllel  bar  is  always  parallel  to  du 
beam,  and  as  at  the  horizontal  position  of  the  beam  (he  parallel  bar  and  radiiu 
bar  will  coincide  or  lie  in  the  same  horizontal  plaue,  draw  the  line  d  t  parallel 
lo  a  b,  and  it  will  represent  the  position  of  the  parallel  bar  and  ladiua  bu  U 
this  piuitjan  of  the  beam ;  and  e  wil!  be  the  point  at  which  the  parallel  bar  it 
attached  to  the  aide  rod;  and  e  d  will  be  the  difference  between  Che  length  U 
the  parallel  bar,  and  that  of  the  tadiua  bar.  Then  through  the  point  r  draw 
the  vertical  line  c/,  to  represent  the  path  of  ilie  piston-rod.  and  draw  o  ^  in  the 
highest  poailion  of  the  beam,  making  a  g  equal  to  a  i  ,-  ihen  from  g  with  ilia 
length  b  c  intersect  the  line  c/  in  /,  aitd  draw  the  line  /  g,  upon  which  lay  off 
the  distance  b  e  from  j  to  A,  then  draw  A  i  of  an  indefinite  length  and  parallel 
to  a  g,  and  on  it  lay  off  k  k  equal  lode,  ihe  difference  between  the  length  of 
the  rsdiua  bar  and  parallel  bar;  then,  as  the  remaining  portion  of  the  panslhel 
bar  will  be  equal  to  the  radius  bar,  and  the  two  ban  are  connected  it  their  t%* 
tremily;  if  we  dre 


le  k  d,  they  will  farm  with  it  an  isosceles  triaugle. 
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the  apex  of  which  wiU  he  at  the  pomt  of  junction  of  the  two  hara ;  therefore, 
to  find  the  apex,  upon  k  and  d  as  centres,  with  any  distance  in  the  compasses 
descrihe  ares  cutting  in  o  o,  through  which  points  draw  o  p,  cutting  hi  inp  ; 


then  draw  dp  and  it  will  he  the  length  of  the  radius  har ;  and  h  p  will  be  the 
length  of  the  parallel  bar.  Then  upon  g  a  9et  off  g  r=h  p  and  draw  pr,  and 
it  will  represent  the  back  link,  and  r  the  point  at  which  it  is  attached  *to  the 
beam. 

ReverMtng  Motion, — In  steam  vessels  it  frequently  becomes  necessary  to 
reverse  the  engines  suddenly,  and  sometimes  to  run  a  considerable  distance  by 
the  reversed  motion.  It  therefore  becomes  indispensable  that  the  engine  should 
be  so  arranged  as  to  be  completely  self-acting  whilst  running  in  either 
direction. 

In  the  case  of  engines  fitted  with  valves  worked  by  a  plug-rod  and  tappets, 
it  is  only  necessary  to  reverse  the  position  of  the  valves  by  hand,  and  when  the 
crank  has  returned  past  the  Une  or  centres,  the  plug-rod  will  continue  to  work 
the  valves,  as  before. 

But  this  plan  of  working  the  valves  is  chiefly  confined  to  pumping  engines. 
In  marine  engines  the  valves  are  almost  universally  moved  by  a  cam  or  eccen- 
tric, fixed  upon  the  shaft ;  whereby  the  motion  is  rendered  much  smoother, 
and  freer  from  concussion ;  but  as  the  motion  of  the  eccentric  is  reversed  with 
the  reverse  motion  of  the  sbaf^  the  reversed  action  of  the  eccentric  would 
cause  the  valve  to  move  in  the  wrong  direction  unless  some  provision  wera 
made  to  the  contrary,  as  will  be  more  clearly  seen  in  the  following  diagram. 
The  eccentric  may  ha  considered  as  a  crank  whose  length  is  equsl  to  the 
eccentricity  of  the  eccentric  disk;  let  a  6  represent  the  position  of  the  «ccen* 
trie  when  the  piston  is  commencing  its  ascending  stroke,  at  which  time  we 
will  suppose  that  the  valve  lever  e  f  should  be  depressed,  or  move  in  the 
direction/ jp;  if  the  eccentric  be  carried  round  by  the  shaft  in  the  difeetioA 
b  c,  the  eccentric  rod  6  il,  acting  upon  the  lever  e  i^  will  depress  the  lever  e  / 
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at  reqoired.  But  if  tlie  motion  of  the  ihaft  be  rererBed,  the  cceentrie,  mofior 
iu  the  direction  b  d,  will  thnut  the  lever  t  k  towardt  k  end  niie  the  lever  e  $ 
to  the  position  fL  Some  anrangement  it  will  therefore  be  eeen  is  neeesuy, 
to  came  the  eccentric  alwajf  to  move  the  valvee  in  the  same  directiooy  at  aoj 


given  petition  of  the  piston ;  whether  the  shaft  be  revolving  forwards  or 
backwards. 

One  of  the  methods  empWed  for  effecting  this,  u  to  fix  two  eccentrics  upon 
the  shaft,  one  adapted  to  the  forward  and  the  other  to  the  backwurd  motion  of 
the  shaft,  each  of  which  can  be  thrown  into  gear  whilst  the  other  ia  throvn 
out  by  the  action  of  a  lever.  This  method  has  the  advantage  of  admitting  the 
eccentric  to  be  firmly  keyed  or  staked  to  the  shaft ;  it  is  however  more  expen- 
sive, and  has  the  appearance  of  greater  complexity,  than  the  following  method : 
which  is  therefore  more  generally  practised.  The  eccentric  a  is  not  keyed  to  the 
shaft  6,  but  is  hung  loose  upon  it  with  liberty  of  motion.  On  the  side  of  the 
eccentric  is  cast  a  quadrantal  piece  c,  and  a  similar  piece  d  is  fixed  on  the 
shaft,  forming  a  epedes  of  clutch,  the  eccentric  being  carried  round  by  the 
the  piece  d  pressing  on  the  piece  c.  Now  supposing  the  shaft  to  be  revolving 
in  the  direction  a  e,  and  it  be  required  to  reverse  the  motion ;  the  eccentric  rod 
is  thrown  out  of  gear,  and  the  position  of  the  valves  reversed  by  hand ;  this 
causes  the  shaft  to  revolve  in  the  direction  of  a/,  and  the  piece  <? receding  firom 


'^•'JLgr^" 
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the  piece  e,  the  eccentric  remains  stationary  until  the  shaft  has  made  halt  a 
revolution,  when  the  position  of  the  eccentric  is  directly  opposite  to  what  it 
would  have  been  had  it  travelled  round  with  the  shaft,  and  it  will  now  be  urged 
round  in  the  direction  a  /  by  the  piece  d  acting  upon  the  other  end  of  the 

Siece  c,  and  the  eccentric  rod  being  thrown  into  gear,  will  be  pulled  in  the 
irection  g  a.  If  the  motion  of  the  shaft  had  not  been  reversed,  the  eccentric 
would  have  been  in  the  position  h  A,  revolving  in  the  direction  of  the  k  i,  and 
the  eccentric  rod g  k  would  he  pulled  in  the  direction  gk;  the  action  therefore 
of  the  eccentric  rod  in  both  cases  is  to  move  the  valve  lever  ^/  iu  the  direction 
g  m,  and  to  depress  the  valve  by  the  lever  /  n. 

Another  plan  which  is  sometimes  adopted,  is,  instead  of  reversing  the  pontion 
of  the  eccentric  upon  the  shaft,  to  fix  a  double  ended  lever  upon  the  valve  shaf^ 
and  to  connect  the  eccentric  rod  with  the  upper  or  lower  end  of  the  lever,  ac- 
cording to  the  direction  in  which  the  paddle  shaft  is  to  revolve. 
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Ths  "  loag  dide,*'  invented  by  Mr.  MnHocb,  of  llie  fimi  of  Boulton  and 
W«tt,  M  gencraUy  employed  id  muine  engine*.  The  uinexed  figure  i«  k 
*e«tion  of  one  of  thew  ilidei.  At  s  a 
is  a  portion  of  the  iteBiii  cylinder ;  b  Ihe 
upper  iteam  passage ;  c  the  lower  iteatn 
pauage ;  d  a  iteam  channel,  cait  upon 
thecvlindcr,  betreen  thenecktiandc, 
to  which  ii  attached,  bj  a  flanra,  lb* 
■lide  caie  e/},  which  ii  dividM  ialo 
three  parte  h;  the  packing  boiei  A  k, 
the  middle  part  //  conuDunicating 
with  the  Keam  channel  d;  and  the 
upper  part  e,  and  the  lower  part  g, 
commnnicating  with  each  other  bj 
meuu  of  the  hoUow  ilide  k ;  thii  ilide 
iti  boriiontaJ  u 


cyliodrical  figure ;    the  flat  part  of  the 
tilde,  and  the  &ce  of  the  ateam  paMago, 


and  the  ilide  ii  preued  againit  the  face 


o  ji  the  opening  to  which  the  iteam 
pipe  ii  attached,  and  p  a  channel,  cast 
'  in  the  bed  plate,  and  connecting  the 
*  lowerdivisionyof  the  Rteain-chett,  with 
the  coDdenier ;  g  a  portion  of  the  piitoD. 
In  the  sketch  the  piston  i*  shown  at 
the  bottom  of  the  cylinder,  as  having 
completed  the  downward  stroke  ;  and 
both  the  sleom  passage*  are  closed  by 
the  slide  i.  That  part  of  the  cylinder 
which  is  above  the  piston,  ii  filled  with  the  steam  which  hu  depressed  the 
piston  ;  and  the  middle  part //of  the  steam-chest  is  in  tree  communicHtion 
with  the  boiler,  and  is,  therefore,  filled  nith  steam.  In  this  state  of  things,  if 
the  slide  be  depressed  a  distance  equal  to  the  depth  of  the  steam  passage  b  or  c, 
the  steam  from  Ihe  middle  part  of  the  steam-chest  will  nub  through  the  pussoge 
c,  to  the  under  side  of  the  piston ;  and  the  steam  above  the  piiton  will  pass  out 
through  the  passage  b,  and  down  through  the  central  part  of  the  slide  it,  and 
along  the  channel  p  into  the  condenser.  In  this  ipecei  of  slide  valve  it  will  be 
seen,  that  the  slide  ia  surrounded  by  steam,  which,  therefore,  exerts  no  more 
pressure  upon  it  in  one  direction  than  another  ;  and  the  only  friction  is  that 
caused  by  the  packing  at  the  bock  of  the  slide.  The  steam  passages  also  are 
much  shorter  uiBti  with  the  D  slide,  so  that  there  is  much  less  Ion  of  steam 
tlian  in  the  latter.  The  slide  is  usually  either  faced  with  gun-metal,  or  wholly 
composed  of  it ;  and  for  engioes  of  large  dimeniiona,  tnstead  of  one  long  slide, 
with  a  central  tube,  there  are  two  short  slides,  which  are  connected  together 
by  stiff  rods ;  and  the  upper  and  lower  divisioea  or  vaeuam  spaces  of  the  slide 
case  are  connected  by  sioe  pipe*  instead  of  th*  central  tube. 

Slide  valves,  although  very  generally  used  in  marine  engines,  are,  how- 
ever, liable  to  serious  objections,  from  the  neeessi^of  using  henip  packing  at 
the  back  of  the  slide  to  keep  it  on  the  face.  This  packing  requires  to  be 
frequently  and  csreflitly  adjusted ;  and  should  it  be  neglected,  or  ineffectually 
performed,  there  will  be  a  great  loss  in  the  active  power  of  the  engine.  The 
packed  slide  is,  however,  but  seldom  perfectly  steam-tight,  because  if  the 
packing  be  acrewed  down  so  close  as  to  prevent  the  escape  of  *l  ' 
the  friction  becomes  e         


e  as  to   prevent  the  escape  of  steam  patt  If, 
it  therefore  becomes  necessary,  for  the  easy 
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{■  packed  quite  tight.  Again,  the  quantity  of  hemp  for  packiogi  •■  <'oU  ■■  <i 
tallow  requited  to  lubricate  the  ume,  is  rery  gmX ;  and  the  aldn  wn  whject 
to  coQiidenbls  near  and  tear,  owing  to  the  force  with  which  they  are  priited 
ogaiiut  the  facei. 

Snm'ard'$  SliJt  Fahet. — The  annexed  engraTiii^  reprewnla  these  Tahret  a* 
applied  to  a  marine  engine,  aa  ii  the  ilesm  cjlmder,  and  b  and  e  are  two 
noiilea,  either  cait  upon  the  cylinder,  or  linnly  boiled  to  it;  4  ia  the  tfeam 
nozzle,  connected  to  the  iteam  pipe  by  the  neck  tt;  and  c  ii  the  eduction 
DOZfle,  cotniniinicating  with  the  condenaer  bj  the  neck  or  opening  y,-  gg  are 
the  iteatn  pHugei  into  the  cylinder,  and  A  A  the  eduction  paaaages.  In  each 
nozzle  are  chambers  to  receive  the  casl-iron  blocki  mat  and  ■>>•,  which  are 
ground  to  a  perfectly  plane  surface  on  the  face.  The  blocki  mm  haie 
apectutei,  coinciding  with  the  iteam  pauages  gg  in  the  cylinder,  and  are  firmly 
keyed  against  the  cylinder  by  (he  keys  o  a,-  pp  are  the  steam  ralvea,  which  are 
flat  platea  of  cast-iron  ;  they  are  attached  to  the  Tslve  rods  by  a  hinge  joint, 
the  object  of  which  is  to  allow  the  Talve  to  awinz  off  the  face  of  thevaJVe  aeata 
or  block*  M  m,  to  allow  any  water  to  eacape  which  may  find  its  way  into  the 


cylinder.  The  rods  by  which  the  valves  are  moved  are  connected,  to  aa  to 
cause  the  valves  to  move  together.  The  blocka  n  n  have  apertures  cotreapond- 
ing  to  the  passages  in  (he  eduction  nozzle,  against  which  they  are  firmly  keyed  . 
by  tlie  keys  gg.  The  eduction  valves  rr  ere  fiat  plates  ofcait-iron,  limilar  to 
the  steam  valves:  but  a*  they  are  never  required  to  leave  the  valve  seat,  thej 
are  fadtened  to  the  valve  rod  without  a  hinge-joint.  Upon  examination  of  the 
above  Brxangemenl,  it  will  be  seen  that  the  steam  valves  are  pressed  to  their 
seats  by  the  steam  in  the  steam  notile,  and  the  eduction  valves  are  preased 
against  their  leata  by  the  steam  in  the  cylinder.  The  lever  by  which  the 
steam  valves  are  moved  is  connected  by  a  rod  to  that  which  works  the  eduction 
valves,  80  that  the  one  set  counterbalances  the  other. 

Morgan't  Cotiietd  Falvei. — Mr.  W.  Morgan  obtained  a  patent  fbrao  "im- 
proved Construction  of  Conical  Valves,"  which  remedies  toe  objection  of  the 
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ptat  preoMTe  t 


3  which  they  ars  subject,  whea  large,  in  ft  very  limple  and 
•r.  The  educlion  vnlvea  are  to  placed,  that  the  steam  in  ihe 
cylindei  aeU  upon  their  under  lurfaces,  whilst  the  steam  from  th«  boiler  prewes 
upon  the  upper  lurfaceg  of  the  steam  valves ;  and  the  upper  steam  valve  being 
connected  with  the  lower  eduction  valve,  and  the  tower  steam  valve  with  the 
upper  eduction  valve,  the  pressure  upon  the  under  surfaces  of  the  eduction 
TBlvet  neu-lf  seutraUiei  the  pressure  upon  the  upper  surface  of  the  steam 
valves;  the  pressure  being  merely  equal  to  the  difierence  between  the  areas  of 
the  two  surfaces;  so  that  it  requires  but  little  force  to  move  the  largest  valves. 
The  annexed  sketch  will  help  to  convey  an  idea  of 
these  valves,  a  is  the  upper  steam  valve;  b  the 
lower  steam  vtlve,  and  c  me  steam  pipe ;  J  is  the 
upper  eduction  valve,  and /the  eduction  pipe.  The 
lower  compartment  g  of'  the  upper  valve  box 
communicalei  with  the  upper  steam  passage  of  the 
cylinder ;  and  the  lower  compartment  A  of  the 
lower  valve  box  communicates  with  the  lower 
tteam  passage  of  the  cylinder;  the  toil  or  spindle 
of  the  steam  valve  a  passes  through  a  stuffing  box 
in  the  lower  compartments  of  the  upper  valve  box, 
and  is  connected  by  a  couphng  nut  k  with  the 
spindle  of  the  eduction  valve  a.  The  tail  of  the 
Muclion  valve  d,  in  like  manner,  passes  through 
the  stuffing-box  in  the  lower  compartment  of  the 


ipper  valve  box,  and  is  connected  by  thi 
pfing  nut  /  with  the  lower  steam  valve  b. 
lifting  rods  m  and  n  pass  through  stuffiDg-boxes 


The 


of  Ihe  valve  boxes,  and  are  wrought  by 
means  of  two  revolving  cams,  on  a  way  shaft.  By 
this  arrangement  the  motion  of  each  steam  valve 
and  its  corresponding  eduction  valve  is  rendered 
simultaneous ;  and  the  pressure  downwards  upon 
the  surface  of  the  steam  valves,  b  nearly  counter- 
balanced ■     ■' 

■eats  when  closed. 

PUton  Slide  Vaitet. — Instead  of  the  c 
semi- cylindrical  slide  valve,  cylindrical,  or  piston 
slides  are  sometimes  made  use  of,  end  possess  this 
adraolage  over  the  former,  that  the  packing  being 
metallic,  requires  no  attention,  and  that  the  friction 
is  much  teas.  The  annexed  cut  shows  a  valve  of  this  description,  a  is  the 
cylinder,  with  c  the  slide  case  ;  dd  educlion  passages  ;  //  ttie  slide  oislons, 
which  are  fitted  wilb  metallic  packings.    That  portion  of  each  end  of  tnc  slide 


case  in  which  these  pistons  work,  ia  bored  ont  very  tmly;  and  in  order  to 
allow  the  segments  of  the  packings  to  pass  over  the  passages  into  the  steam 
cvlinder,  bridges  are  cast  in  the  paasages,  which  prevent  the  segments  from 
flying  out  of  their  places. 
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Eipamnon  Falvei. — Within  thete  few  yean  the  application  of  the  ezpomive 
action  of  iteam  has  heen  gradually  coming  into  nae  in  marine  engines,  and 
with  considerable  advantage;  but  many  circumstances  tend  to  oppose  its  general 
adoption  in  this  class  of  engines,  and  to  prevent  the  realisation  of  its  advan- 
tages to  their  full  extent  Foremost  amount  these  obstacles  is  the  dread  which 
is  generally  entertained  of  the  use  of  higti-pressure  steam,  on  account  of  the 
supposed  greater  danger;  and  so  long  as  the  general  opinion  on  this  subject 
remains  unchanged,  steam-boat  proprietors  wUl  fear  to  employ  high*pres8ure 
steam,  however  much  they  may  be  convinced  of  its  superior  mechanical  advan- 
tage. By  cutting  off  the  steam  at  a  quarter  of  the  stroke,  the  efl^t  is  nearly 
doubled,  but  to  do  this  requires  that  the  pressure  of  the  steam  should  be  nearly 
four  times  greater  than  for  a  non*expansive  engine.  Larger  cylinders  are  like- 
wise requisite,  whilst  in  steam  vessels  it  is  an  object  to  reduce  the  bulk  and 
weiff ht  of  the  machinery  as  far  as  possible.  The  comparatively  short  length  of 
stroke  in  marine  engines  is  another  obstacle,  as  scarcely  allowing  sufficient  time 
for  the  admission  of  the  steam;  nor  is  the  construction  of  the  ordinary  slide 
valve  very  well  adapted  to  working  expansively.  In  the  Cornish  engines, 
which  are  mostly  pumping  engines,  and  sinele  acting,  the  valves  are  oi  the 
conical  kind,  and  are  each  moved  separatdy  by  an  exceedinglj  ingenions 
apparatus,  but  which  is  not  at  all  adapted  to  the  use  of  steam  vessels.  In 
marine  engines  the  kind  of  valve  which  is  generally  employed,  is,  as  already 
stated,  the  long  slide  valve ;  the  slide  is  moved  by  an  eccentric,  with  an  altera 
nately  accelerated  and  retarded  motion,  but  b  never  absolutely  at  rest  Some 
arrangement  therefore  is  necessary  to  close  the  steam  passage,  and  still  keep 
the  eduction  passage  open.  The  most  common  plan  for  effecting  this  is,  to 
make  the  blank  part  of  the  slide,  or  that  which  covers  the  passages,  longer  than 
the  passages  themselves,  and  to  give  the  slide  a  proportionably  longer  stroke ; 
but  the  motion  of  the  eccentric  shuts  off  the  steam  too  slowly,  and  the  two 
passages  cannot  be  opened  exactly  at  the  same  time,  at  the  reversal  of  the 
stroke,  so  that  either  the  eduction  passage  is  opened  too  soon,  or  the  steam 
passage  too  late.  Cams  of  various  shapes  have  been  substituted  for  the  eccen- 
tric, with  the  view  of  opening  and  clusmg  the  passage  more  rapidly,  and  of 
allowing  the  slide  to  be  at  rest  at  certain  points  of  the  stroke;  but  they  seldom 
work  smoothly,  and  are  generally  soon  destroyed  by  the  violent  concussion 
they  experience  in  bringing  the  slide  so  quickly  into  motion  from  a  state  of  rest 
Some  of  these  cams  have  ^o  the  defect  of  not  being  adapted  to  the  reverse 
motion  of  the  engines. 

Another  plan  which  is  sometimes  adopted  is  to  construct  the  slide  as  for 
non-expansive  engines,  and  to  attach  a  separate  valve  between  the  steam  pipe 
and  the  slide  case.  This  valve  is  of  a  construction  to  move  with  little  friction, 
and  consequently  requires  but  little  force  to  put  it  in  motion.  It  is  worked  by 
a  separate  cam  on  the  paddle  shafl,  which  can  be  so  arranged  as  to  close  the 
valve  at  any  part  of  the  strolEe,  within  certain  limits.  Although  rather  more 
complex,  tnis  plan  is  decidedly  superior  to  the  others,  in  the  precision  of  its 
action,  and  in  the  circumstances  that  the  expansion  can  be  varied,  or  the 
engine  made  to  work  at  full  pressure  at  pleasure. 

Snodgras8*8  Expansion  Appar<Uut. — The  annexed  cut  represents  Mr. 
Snodgrass's  method  of  working  expansivelv,  with  the  ordinary  slide  valve. 
Upon  the  paddle  shaft,  and  at  the  back  of  the  crank,  is  fixed  a  spur  wheel  a, 
which  gives  motion  to  another  wheel  6,  of  similar  dimensions;  and  which 
revolves  upon  a  stout  pivot  or  stud.  This  latter  wheel  corresponds  to  the 
ordinary  eccentric,  and  has  on  its  face  a  pin,  to  which  is  connect^  the  eccen- 
tric rod  c,  which  moves  the  valve  shaft  On  the  face  of  the  wheel  a  are  two 
pins,  which  carry  the  antifriction  rollers  d  c/,  that  act  alternately  against  the 
perpendicular  lever  c,  to  the  top  of  which  is  jointed  a  rod  /,  that  is  connected 
to  the  governor  valve  g,  placed  in  the  pipe  which  conveys  the  steam  to  the 
slide  case;  A  is  a  spring  actins  on  the  back  of  the  lever,  to  force  the  lever 
forwards  as  the  rollers  d  on  tne  wheel  a  retire ;  and  thus  by  the  alternate 
action  of  the  spring,  and  of  the  rollers  d  dj  the  governor  valve  is  opened  and 
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ndntionof  tfaeoruik.     The  rod /may  be  elongated 


r  coutracteil  at  plcMure,  by  turning  Ibe  nut,   otUcbad  to  the  fwk  vhicb 


connects  it  to  the  lever  e,  and  by  thii  meani  the  iteatn  may  be  cut  off  at  any 
portion  of  the  itroke,  and  the  remainder  of  the  itroke  be  perfonned  by  iU  ex- 
paniion ;  i  is  a  throttle  valve  to  be  reflated  by  hand ;  it  i>  connected  by  a  rod 
to  a  lever  under  the  command  of  the  pilot. 

When  conical  valvei  are  employed  in  lien  of  tlide  valves,  and  receive  their 
motion  from  an  eccentric  on  the  paddle  ihaft,  a  aeparate  valve,  moved  by  a 
separate  cam,  is  necessary  to  work  the  iteam  expansively.  This  additional  valve 
and  cam  may,  however,  be  dispensed  with,  if,  instead  of  the  rocking  shaft,  a 
revolving  shaft  be  subttituted,  carrying  a  separate  cam  for  each  valve  ;  which 

n  thus  be  made  to  open  and  close  at  that  period  of  the  stroke  which  ii 


Boume'i  Expamion  yalvti. — This  is  an  arrangement  for  cutting  off  the  steam 
at  any  portion  of  tbe  stroke,  and  for  varying  the  quantity  of  steam  admitted  to 
the  cylinder,  without  stopping  the  engine;  for  which  in  connexion  with  other 
iiopravemenls,  Mr.  Bourne  of  Dnblin  obtained  a  patent  in  1838. 

a  a  represents  a  sectioD  of  a  portjon  of  the  steant  cylinder;  b  the  upper, 
and  c  the  lower  iteani  passaeei ;  d  the  steam  jacket  or  belt,  e  r  the  slide  case 
connected  at  bottom  with  the  condenser,  and  /a  long  D  slide,  by  which  the 
ptSBBges  b  and  c  are  opened  and  closed  in  tbe  usual  way.  That  portion  of  (be 
alide  by  whirh  the  iieam  is  admitted  to  the  passages,  is  divided  into  two  parts 
by  a  partition  g,  which  is  faced  and  ground  upon  the  face  of  tbe  steam  belt. 
The  steam  is  admitted  to  the  slide  from  tbe  belt,  hj  the  apertures  A  A,  to  which 
are  admitted  the  sliding  valves  >  i;  these  valves  are  moved  by  arod  i,  which 
passes  through  the  rod  of  the  U  slide  (made  hollow  for  that  purpose),  and 
through  a  stuffing-box  in  the  division  g  of  the  D  slide.  Upon  this  rod  are  cut 
two  screws,  one  above  and  tbe  other  below  the  stuffing-box,  which  screws  work 
in  nuts  on  the  back  of  the  slides  i  i,  and  being  one  a  right-banded,  and  the 
other  a  left-handed  screw,  upon  turning  the  rod  by  means  of  the  handle  n, 
&ied  on  to  its  upper  end,  the  valves  are  made  to  approach  or  recede  from  each 
other,  according  to  the  direction  in  which  the  rod  is  turned.  The  D  iHde  is 
worked  by  the  eccentric  in  the  usual  way,  and  opens  and  closes  the  tno  pas- 
■Bge*  b  and  c  at  exactly  the  same  time,  but  the  rod  i  by  which  the  slides  ii  are 
worked  is  connected  to  an  arm  r  fixed  on  the  shaft  of  ihe  radius  bar  o,  which 
governs  the  parallel  motion  of  the  engine,  so  that  the  D  slide  and  the  ilides  i  i 
move  independently  of  each  other,  and  whilst  the  steam  passages  into  the 
cvlinder  (b  and  c)  remain  open  throughout  the  stroke,  the  steam  passages  into 
the  slide  (A  A)  can  be  dosed  at  any  portion  of  tbe  stroke  ahich  may  bedecided 


on.  Thif  ii  effected  ufotlowi:  the  dtnlh  of  theapcTtnrs  A  Ail  cquIlbcU^th 
of  tbe  itntka  of  the  kim  ■,  but  the  ilidn  i  ■  we  ao  aTraiigcd  apon  dte  rod  i,  n 

'        ■  "      tothed<  *  ■        ■      ' 

a  requiTe 
■lloving  it  to  expand  through  the  remamine  helT,  the  ilide*  •  i  Bre  so  eet  uj»a 
the  rod  i  thst  each  apetturo  alteniately  (halt  be  but  half  open  at  the  cc 
ment  of  the  itroke,  and  ■■  the  alidM  )>tfpn  to  eloae  with  the  conun 
of  the  itroke,  the  pauagea,  k  h,  wOl  be  doeed  when  the  tlidee  have  made  half 


thedToke,  a*  ia  the  figure,  and  no  moreiteam  (rill  be  edoiilted  to  the  cylinder, 
and  the  reinainilei  of  the  ttroke  «ill  be  performed  by  the  expansion  of  tbe 
■team  already  admitted.  If  the  ateam  i»  to  be  cut  off  at  ^  of  the  itnike,  the 
poaages  h  h  muit  open  only  *,  and  if  it  i«  desired  to  work  at  full  preaaure 
throughout  the  stroke,  the  slidei  must  be  so  arranged  that  the  panares  ehall 
he  fuUy  open  at  the  commencemeat  of  the  stroke. 

BoiUrt. — It  having  been  fouod  desirable  in  iteam  Teasels  to  ectmomiie  to  ibe 
utmost  the  ipace  occupied  by  the  apparatus,  a  material  difference  in  the  con- 
atruction  of  the  boileis  becomei  necessary  from  those  used  u  land-engines, 
in  order  to  the  economical  combuation  of  the  fuel ;  and  in  consequence  of  the 
different  arrangements,  marine  boiler*  ate  more  complex,  heavy,  and  costly, 
than  land-boilert  of  similar  power.  In  general,  marine  boilers  are  composed 
of  an  external  shell  or  casing,  with  reciangular  sides,  stayed  together  by  lie- 
bars ;  and  iritbin  the  shell  are  contained  the  fireplace*  or  furnaces,  and  the  fluci 
for  the  passage  of  the  flame  and  smoke,  the  flues  bdog  deep  rectangular 
channels,  which,  after  making  various  turnings,  unile  in  one  common  chimney 
or  fannel ;  the  furnace,  ath-pil,  and  flues,  being  entirely  surrounded  bv  water. 
In  order  to  maintain  a  considerable  depth  of  water  over  the  flue*  and  furnace*. 


and  at  the  tune  time  afford  lufflcient  ipace  Tor  tha  ucumulalion  of  ('■nm,  ui 
elevated  compartmeiit,  called  the  "Bteam-cbeit,"  b  fonned  for  the  purpote 
apoD  the  top  of  the  boiler,  and  the  bulk  of  the  boiler  ii  occupied  wilh  water. 


prevent  the  VBter  from  *CGUinuUting  on  the  lee  tide  of  Ibe  boiler,  and  leaving 
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the  wMthernMstfluet  uncovertd  by  water,  theboUer  iifonMd  in  two  or  thrM  lon^ 
tudinal  cotnpartmenU,  with  a  fm  ateam  ooDimimieation  between  each  ;  or  one 
or  two  divisions  of  plate-iron  are  formed  within  it,  running  from  front  to  back, 
and  extending  from  the  bottom  upwards,  higher  than  the  water  line  in  the  boiler. 
At  the  bottom  of  the  boiler  are  pipes,  passing  through  the  Teasel'a  aidea,  aod 
furnished  with  stop-cocks,  or  valves,  for  "  blowing  off"  the  water  from  time  to 
time,  as  it  becomes  saturated  with  salt ;  and  there  are  apertorea  called  mud- 
holes,  closed  by  doors,  for  the  purpose  of  raking  ont  the  mud  or  other  deposits. 

We  proceed  to  give  a  few  of  the  forms  of  boilers  which  are  employed  in 
steam  vessels. 

The  engravings  on  the  opposite  page  represent  a  boiler  of  180  horae-power, 
construct^  by  Messrs.  FaWcett  of  LiverpooL 

From  the  very  ereat  extent  of  flue  through  whieh  the  smoke  and  heated  air 
has  to  pass  before  it  reaches  the  chimney,  these  boUers  are  fonnd  to  raise  ateam 
very  rapidly,  and  with  a  small  consumption  of  fueL 

The  one-half  of  Fig,  1  is  a  front  elevation,  and  the  other  half  ia  a  Tertical 
section  of  the  boiler  through  the  fire-places. 

Fig,  2  shows  a  half  plan  of  the  flues,  and  a  horiaontal  half  section  of  the 
tame  above  the  fire-lMurs. 

The  boiler  is  composed  of  three  separate  parts,  the  sides  of  the  middle  boiler 
serving  as  a  side  to  each  of  the  side-boilers.  At  some  distance  above  the  water- 
line,  large  apertures  are  cut  in  the  sides  of  the  middle  boiler,  to  form  a  steam 
communication  between  the  three  compartments,  and  a  water  communication  is 
established  below  by  a  pipe  from  each  boiler  opening  into  the  blow-off  main. 
Each  boiler  has  two  fire-places,  and  the  flues  a  a  oi  the  side-boilera  branch 
into  the  flues  6  6  of  the  contiguous  fire-place  of  the  middle  boiler,  immediately 
at  the  back  of  the  bridge ;  and,  after  taaing  the  circuitous  course  ahown  in  the 
plan  by  the  arrows,  thev  unite  at  the  back  of  the  boiler,  and  form  one  large 
flue  c,  from  which  the  chimney  d  rises  at  about  the  middle  of  the  length  of  the 
boiler.  'l*he  flues  are  not  divided  horizontally,  but  extend  the  whole  depth 
from  6  to  6,  as  shown  in  the  vertical  section.  Towards  the  fore  part  of  tlie 
middle  boiler  is  a  steam-chest  e^  frum  which  proceeds  the  main  steani-pipe /, 
whicli  conveys  the  steam  to  the  cylinders,  g  is  the  feed-pipe,  and  k  one  of 
the  feed-valves. 

Separate  EUipiical  Bo'dert, — Instead  of  building  the  boilers  in  two  or  three 
flat-sided  divisions  up  to  the  water-line,  and  covering  the  whole  with  one 
slightly  convex  roof  or  top,  many  manufacturers  prefer  completely  distinct 
boilers  of  an  elliptical  form,  connected  merely  by  pipes,  forming  the  steam  and 
water  communications.  This  method  has  the  advantage,  that  if  either  of  the 
side-boilers  should  he  by  any  accident  rendered  unserviceable,  it  may  be  shut 
oiT,  and  thus  it  would  not  impair  the  efiiciency  of  the  other  two,  provided  that 
the  steam  communications  should  be  each  furnished  with  a  stop-valve. 

Elliptical  boilers,  variously  arranged,  are  getting  much  into  use  in  Scotland, 
especially  on  the  Clyde.  The  annexed  sketches  represent  the  boilers  of  the 
Siriut  steam-ship,  constructed  by  Messrs.  Wingate  and  Co.  of  Glasgow. 
Fig,  1  is  a  transverse  section  of  the  middle  boiler  and  one  of  the  side-boilers, 
and  a  front  elevation  of  the  other  side-boiler.  Fig.  2  is  a  longitudinal  aection 
of  the  middle  boiler. 

The  three  boilers  are  all  of  the  same  dimensions,  and  have  each  three  fire- 
places a  a  a,  as  shown  in  the  elevation  of  one  of  the  side-boilers.  From  each 
fire-place  a  flue  b  h  proceeds  in  a  direct  line  to  the  back  of  the  boiler,  where 
it  is  curved  upwards,  and  b  returned,  and  forms  an  upper  flue  c,  lying  directly 
over  the  flue  6,  and  extending  to  about  midway  of  the  boiler.  Elach  of  the 
three  flues  c  opens  Ihto  a  transverse  flue  <f,  and  the  transverse  flues  d  of  the 
side-boilers  communicate  with  the  transverse  flues  of  the  centre  boiler,  e  is  the 
chimney,  rising  from  the  upper  side  of  the  transverse  flue  of  the  centre  boiler, 
and  passing  tlirough  g  the  steam-chest  of  the  same  boiler ;  h  and  k  are  the 
steam-chests  of  the  side  boilers,  and  communicate  with  the  steam-chest  of 
the  centre  boiler,  the  former  by  the  pipe  m,  and  the  latter  by  the  pipe  m.     At 
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I  llie  boltoni  of  eacli  boiler  is  a  pipe  a,  ftimiihed  with  t.  cock,  and  branching 
ihe  IruiBrnne  main  p,  by  wbich  tneans  ihe  cammunicalion  beiween  the 
:r  ipaeet  of  any  two  of  the  boilen  can  be  opened  or  cut  off  at  pleasure ; 
tiie  lleam  maiti  priKeeding  to  Ihe  engines;   r  ibe  lafely-valve,  upou  the 


F^.  2. 


Jfplndle  of  which  are  pUced  the  weighci ;  i  the  pipe  for  the  escape  of  the  steam 
which  has  pasiud  the  safely- valve ;  I  is  Ibe  fcej-pipe,  fitted  with  ilop-cocksi 
anil  w  ■  glass  gauge  for  ahoiiiiig  the  height  of  the  water  in  the  boiler ;  1 1  ue 
gaage-cucks  far  Ihe  same  purpose. 

"  United  Kin// Jom"  BoiUr: — The  antiexed  figures  represent  ibe  boiler  of  the 
Vailed  Kiitgdom  iteain-piickel.  I)ie  engines  of  which  Bie  of  200  horse-power, 
■lid  conslruoled  by  Mr.  D.  Kapier,  of  Glasgow. 

Fiij.  I  is  a  front  elevation  :  Fig.  2,  a  lateral  elevation ;  and  Fij.  'A,  ■  longt- 
luUiool  scelioa.  The  boiler,  which  ii  of  wrought  iron,  is  35  feet  6  inches 
ill  length,  19  feet  in  breadth,  and  8  feel  6  inchts  in  heigliL    Tliere  nre  eight 
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further  end  nr  (he  (uljei  U  n  transierie  one  d,  extending  the  whole  breadth  of 
the  boiler,  wbicli  cDQimmiicatet  wilh  evtty  one  of  the  tubea  coiitaiajug  Ui«  ~ 
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■t  uch  end  of  d.  On  ths  top,  a  return  tube  e  e  cBiriet  off  the  imoke  and  An 
into  another  tranivene  tube  f,  out  of  the  centre  of  which  the  chimney  g  riiea. 
The  cock<  kh  k  ara  for  atcertauiing  the  height  of  iraMT  in  the  boiler.  Ai  an 
additional  precaution,  there  are  too  cocks  i  i,  which  ire  placed,  the  one  con- 
■iderobly  shave,  and  the  other  aa  much  below,  the  auumml  level  of  the  water; 
these  cocki  cummunicale  with  a  verticui  glua  tube  j,  of  eufficient  strength  l« 
endure  the  force  of  the  iteam.  On  the  cnckt  i  i  being  opened,  water  enter* 
into  the  lower  cock,  and  Meam  into  the  upper  one  ;  and  the  preuure  being  the 
laine  in  the  boiler,  the  water  itanda  at  llie  lame  level,  and  thereby  indicate* 
at  all  limei  whether  it  be  too  high  or  too  low  in  the  boiler. 

Kecenlly,  ateam  of  high  preranre  having  come  (omewhal  extenaively  int« 
U9e,  in  order  to  carry  out  al  far  aa  pmihie  the  expaniive  ayium  of  actioa,  a 
correiponding  modificalion  in  the  conitruction  liai  become  neceawry,  and 
tubular  boilers,  variouily  arranged,  have  been  emploved.     The  annexed  figure 


represent*  an   arrangement  for  which  Mr.  D.  Napier  obtained  a  patent,  and 
which  be  hai  introduced  into  several  veisela  under  his  management. 

OS  is  a  cylindrical  chamber,  with  a  dome  lop,  constituling  the  outer  shell, or 
oilier  casing  of  the  boiler ;  and  6  £  is  a  smaJler  cylinder,  with  a  fiat  top  e, 
placed  concentrically  within  the  chamber  a,  and  constituting  the  Sre-box, 
whilst  the  space  included  between  the  two  cylinders  forms  the  water- chamber. 
Within  the  fire-box,  and  on  a  level  with  the  upper  part  of  the  fire-door,  is  a  flat 
circular  veuel  d,  which  is  connected  to  the  annular  part  of  the  water-chamber 
by  a  neck  e,  and  to  the  upper  pari  of  the  chamber  by  several  concentric  rows 
of  pipes  //.  The  vessel  i^  is  somewhat  Iru  in  diameter  than  the  fire-box,  to 
thai  there  is  an  annular  space  g  between  iCa  circumference  and  that  of  the  fire- 
box, which  forma  a  flue  or  passage  through  which  the  smoke  and  healed  gate* 
from  the  furnace  pass,  and  thence  traversing  the  inlersUce«  between  the  pipes// 
escape  by  the  chimney  A,  which  rieee  from  ihr  roof  of  the  fir«-boz,  and  paMe« 
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out  ifant^  die  dame  at  llie  boiler.  In  order  to  protect  die  Aimamy  aa  noA 
■■  powible  from  the  afiecU  of  the  fire,  thAt  portion  of  it  which  ii  vitbin  tb« 
boiler  M  mmxuided  by  a  weter  cuing  t,  which  ii  okd  at  top,  Hu  feed-water 
for  coDtiDuiDg  the  nipply  of  (he  boiler  enten  tbii  caiing  near  the  botum 
by  tbe  feed-pipe  m,  and  overflow!  at  the  top ;  end  in  order  to  ■"■i"1fi'ii  m 
me  circulation,  ■  wide  channel  ■  U  fiHrraed  on  the  oottkU  of  the  eaai^ 
which,  being  ^rther  removed  from  the  fire-boi  tlian  any  pottion  of  tbe 
annular  chamber,  a  deicendiog  curreut  ii  maintained  thcreun,  whibt  an 
aacending  one  takei  place  in  the  pipe*  and  the  annular  water- dumber,  aa 
ii  indicated  by  tbe  arrowi.     o  u  tbe  UTe-door,  and  p  the  aab-pit. 

Sa/kly  faht*. — Varion*  deecriptioni  of  tafely  vahea  arc  in  on  oo  beard 
■team  reueli,  enme  of  which  are  of  a  very  improper  eonilradioii,  bring  liable 
to  be  impeded  in  their  action  by  deugn  or  by  accidenL  For  a  lafe^  valve  to 
fulfil  the  purpoee  for  which  it  ii  deiigned,  it  ahoold  be  m  arranged  tbiat  the  load 
upon  it  cannot  from  any  cauie  exceed  that  which  the  boilen  ure  been  calco- 
laled  to  auatain,  and  whilst  tbe  engineer  should  have  the  meani  of  raiainr  llie 
valve,  *o  aa  to  aicertain  from  time  to  lima  that  it  ii  not  let  fut,  be  aboaldhsTe 
no  meani  of  holding  it  down,  or  preventing  ita  riling.  In  many  Teaatla,  how- 
ever, the  Talvea  are  placed  above  deck,  and  are  loaded  hj  weigbto,  either  plarM 
directly  on  tbe  apindle,  or  auapended  from  a  ateetyard  lever  acting  upon  tbe 
■pindle ;  in  either  caie  the  load  may  be  incnaied  and  too  often  ia  to  a  moit 
dangsroua  extent.  In  othcra,  a  more  judicioua  arrangement  prevatlai  the  Talvea 
being  ao  aituated  aa  to  be  inaccenible  to  the  engineer,  who  therefbre  eannot 
increaae  the  load  beyond  that  which  tbey  were  originally  intended  to  car^. 

The  annexed  cut  repreaenta  a  ici;tion  of  a  aafely  valve  of  Ihit  deactiptuw. 


a  ia  the  valve-box,  b  the  valve,  upon  which  is  placed  a  cylindrical  wnght  e, 
which  nearly  fills  the  box,  there  being  merely  sutlicient  space  round  at  the  cir- 


cumference to  prevent  rubbing,  and  nifficient  apace  between  the  lop  of  the 
weight  and  the  cover  to  allow  ibe  valve  to  rise  to  the  teqiiisite  height,  and  the 
cover  ia  bolted  down  to  Ihe  box.  da  a  bell-crank  lever  within  the  bmler,  acting 
upon  Ihe  lower  end  of  the  valve  apindle;  e  is  a  rod  connected  to  tbe  lower  arm 
of  the  levet,  and  paaiing  tbrnugb  a  stuffing-box  in  tbe  front  of  the  boiler. 
Upon  pulling  out  the  rod  e,  the  valve  is  raiaed  by  the  lever,  and  the  ateam 
eecapes  at  the  waste  pipe  /.  and  upon  thrusting  the  rod  in,  the  valve  falls  \tj 
its  weight.  In  order  to  guide  the  valve,  and  at  the  same  time  to  afford  thv 
meana  of  turning  it  in  its  seat,  Ihe  upper  end  of  the  spindle,  which  paiaea 
through  tbe  weight  c,  is  made  square,  and  enters  a  coiresponding  cavity  in  the 
key  a,  which  tunia  in  a  stuffing-box  in  the  cover,  tiie  cavity  being  of  Mifficicnt 
depu  to  allow  the  valve  to  rise. 
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SECTION  IV. 

THE  CONSTRUCTION  AND  ARRANGEMENT  OF  THE  PROPELLING  MACHINERT. 

Analytit  of  the  Tarioiu  Plant  for  Propelling.— Tbo  ordinaiy  omndenhot  Water-wheel— defects 
of.— Galloway's  Cycloidal  Paddle-wheeL— Gemmer*  Paddle-wheels.— Galloway's  double  oblique 
Wheels.— Buchanan's  Parallel  Float-wheels.— Oldham's  Tibrsting  Float-wheels.— Morgan's 
▼ibntinf  PleatrWhoel.— Dawson's  Radiating  fecthering  Paddles.— Stead's  Ditto.— Leeming's 
eccentric  sliding  Floats. — Eiuiless  chain-propellers. — Spurgin's  endless  Chain-propeller. — 
Sterens's  crank-act  Ion  Propellers.— Naime's  collapsing  Propellers.— Perktns's  oblique  sculling 
Wheel.— Llnnaker^  PropeDing  Pumps.— Bosk's  Hydiaulic  Propellers.— Erieaaon's  screw  Pro- 
peller.—Hunt's  propelling  and  steering  Screw.— Canal  Navigation.— Senwavd's  Spike  wheeL— 
Saxton's  dilTerential  warping  Wheels. 

In  the  present  section  we  shall  consider  the  means  by  which  the  power  of  steam 
is  applied  to  the  propelling  of  vessels.  Numerous  plans  have  been  brooffht 
forward  for  this  purpose,  but  they  are  all  reducible  to  a  few  classes ;  the  dif- 
ference between  those  in  each  class  being  merely  modifications  of  some 
particular  principle.  We  shall  therefore  limit  ourselves  to  a  description  of  one 
or  two  examples  from  each  class.  In  most  of  the  various  plans  adoptea  or  proposed 
for  propelling  vessels  by  steam,  tlie  motion  is  produced  by  one  or  other  of  the 
following  means. 

1.  Wheels  on  the  principle  of  the  undiershot  water  wheel,  with  fixed  floats 
variously  arranged. — Illustrated  by  the  examples  herein  given  of  GaUoway'i 
and  GemrneFt  wheels. 

2.  Wheels  with  moveable  floats  turning  on  horizontal  axles  or  spindles. — 
Illustrated  by  the  inventions  of  Buchanan,  Oldham,  and  Morgan. 

3.  Wheels  with  moveable  floats  turning  on  radiating  axles  or  spindles. — 
Examples  of  which  are  produced  in  the  inventions  of  Dawtan,  Oldham,  and 
Stead, 

4.  Wheels  with  floats  sliding  along  the  arms,  towards,  and  from  the  centre 
of  tfie  wheel. — Sufficiently  illustrated  by  the  invention  of  Leemmg. 

5.  Ranges  of  pad(Ues  attached  to  en<Uess  chains. — Shown  in  the  invention  of 
Spurgin. 

6.  Ranges  of  paddles  attached  to  cranks. — Illustrated  by  Stevtm't  invention. 

7.  Paddles  which  collapse  during  the  return  stroke,  so  as  to  ofler  less  resist- 
ance at  that  time,  commonly  known  as  the  duckWoot  apparatus. — An  example 
of  which  is  given  in  Naime't  invention. 

8.  Sculling. — Exhibited  in  Perkins's  invention. 

9.  A  stream  of  water  expelled  from  the  vessel,  either  by  pumps  or  by  the 
direct  action  of  the  stream,  on  the  principle  of  Savery's  engine. — An  example 
of  which  is  afforded  in  the  invention  of  Lvmaker, 

10.  By  the  reaction  of  the  water,  on  the  principle  of  Barker's  mill. — Exhi- 
bited in  the  invention  of  Busk, 

11.  A  water  screw. — Illustrated  by  the  invention  of  Ericsson. 

Besides  the  above  plans,  which  are  applicable  to  steam  navigation  in  general, 
others  have  been  proposed  for  the  navigation  of  canals  and  shallow  rivers,  some 
of  which  we  shall  notice. 

Undershot  Water  Wheel. — Of  all  the  plans  of  propelling,  the  undershot  water 
wheel,  with  radiating  floats  attached  to  the  arms  of  the  wheel,  is  that  which  is 
most  generally  employed,  on  accoiuit  of  its  extreme  simplicity,  its  strength  of 
construction  and  its  little  liability  to  derangement.  The  proportions  most 
generally  adopted  are  to  make  the  diameter  of  tlie  wheel  equal  to  four  times 
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th«  Inigtii  «f  the  (troke, 

dumeter.     In  ■teamen    intended  to  plr  ek 

paddlei  it  connnonly  about  one  half  the  tuameter  of  the  whole,  but  in  aea-going 

ileamen  the  breadth  ii  commoDly  about  one-ri/tfa  lew. 

Although  the  undenhot  water  wheel  ii  reDerally  deemed  aQperior  upon  Iha 
whole  to  uijr  other  appar&lua  for  propelling  itearo  resteb,  it  atill  poncMe* 
K*era1  defecti,  the  chief  of  which  are  the  waile  of  power  camed  bj  the 
oblique  action  of  the  float*,  and  the  swell  cauaed  by  the  back  water,  eapeciallf 
in  narrow  and  crowded  riven,  where  nnall  boati  and  deeply  Uden  barge*  are 
frequently  iwamped.  The  Mme  cauie  also,  more  peifaua  Uian  any  other,  hai 
oppoted  the  adoption  of  steam  in  canal  narigation,  ai  the  awall  caused  by  tha 
paddles  has  been  found  to  destroy  the  banks  rapidly. 

These  defects  of  the  ordinaiy  wheel,  which  are  uni*ettally  admitted  to  a 
cetisin  extent,  although  their  importance  is  differently  estimated,  hare  beea 
felt  from  the  commencement  ol  steam  narigation,  and  the  attention  of  the 
mechanical  world  has  been  occupied  to  devise  modificatioDS  of  it,  or  aubalitiitet 
for  it,  which  shall  he  free  from  them.  In  fact,  it  has  become  a  sort  of  mechani- 
cal hobby,  and  perhaps  more  patents  bare  been  taken  out  for  improvements 
in  propelling,  than  for  any  one  subject,  the  steam  engine  only  ezceplad. 

Galtomi^i  CgdMal  PaidU-  Wlttel—ln  1 835,  Mr.  Elijah  Galbway  obtaiiied 
a  patent  for  a  paddle-wheel,  which  is  free  from  many  of  the  obieetians  to  which 
other  inventions  forlhe  same  object  are  liable.  It  is  equally  simple  aa  the  common 
wheel  (of  which  it  is  in  fact  a  modification),  and  is  as  little  liable  to  derange- 
ment,  and  from  the  eitensive  adoption  of  it  in  steam  vessels  of  all  description!, 
we  may  infer  that  it  poiseswi  coniiderabte  advantages,  having  the  whole  depth 
of  the  float  of  one  unbroken  ares(  the  floats  are  in  divided  portions,  whereby 
llie  concussion  on  entering  the  water,  and  the  amount  of  the  hack  water,  are 
greatly  reduced. 

. a  B  in  the  figure,  which  la  a  dde 

elevation  of  the  wheel,  repmmta  the 
drcle,  or  cmine  oi  the  outer  edges  of 
the  floats;  and  b  b  the  circle  bounding 
the  inner  edges  of  the  floats;  S399 
are  a  series  of  portions  of  floata,  w  \nA 
.re  set  on  curved  lines,  approximating 
0  the  cycloidal  line  df  ai.  their  outer 
I  edpes,  and  are  securely  affixed  to  the 
paddle-wheel  hy  screw-boltsandnutsor 
otlier  meant.  Now  it  will  be  obvious, 
if  the  paddle-wheel  be  luppoied  Xa  be 
revolving  in  the  direction  of  the  arrow, 
and  the  vessel  going  at  such  speed  as 
C  that  her  velocity  is  equal  to  that  of  the 
inner  circle  b  b,  then  the  bars  coniti- 
tuling  one  paddle  would  enter  the  water 
at  the  point /or  nearly  so,  and  displace 
veri-  little  more  water  than  that  disturbed  by  the  lowest  bar.  Thus  the 
WHste  of  power  sltendnnt  on  the  common  radial  float  board  is  obviated,  and  the 
concussion  produced  thereby  almost  entirely  avoided. 

Gemmerj  PorfJIe-IFAsel*.— We  have  already  noticed  Mr.Gemmel'a  twin- 
bost  in  uur  second  section.  In  the  same  patent  (1837)  he  proposed  to  employ 
tu-o  pair  of  paddle-wheels  of  the  ordinary  construction  to  steam  vessels  generally, 
with  a  view  to  enable  them  to  attain  a  speed  adequate  to  tlie  DOwer  of  the 
engine  employed,  and  that  even  wlien  the  breadtli  of  the  wheel  is  necessarily 
reitricled,  to  enable  the  vessel  to  pass  through  narrow  openings,  such  aa  the 
gales  of  canals,  &c.  One  of  his  arrangements  for  these  purposes  is  exhibited 
ill  the  accompanying  figures  1  and  2,  the  former  being  a  longitudinal  section 
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:I,  with  a  lida  eleration  of  tha  machineiy,  tai  tbct  JattM  •  plan  of 


In  a  milsble  matallic  fnining  a  a  a.  are  Rxed  a  pair  of  marine  «ngine% 
workins  honiontatl^ ;  i  £  are  the  working  cf linden,  e  c  the  slide-VBlrc 
caiei,  3  d  the  eccentric*  by  which  the  valvei  are  worked;  but  the  rods  are 
omitted  to  avoid  confuaion  in  the  engraving;  eraa  piitoQ-iodi,  proceeding 
from  each  aide  of  the  piitoni,  and  working  thiou)[h  Koffing-baxM  in  the  two 
coven  of  each  cylinder.    To  mtiniaiQ  the  paraUaliMD  vt  the  pitlon-rodt,  theif 
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iiiiliwil ill  liiiiiiniiUlniiiilii«////in  till  I  iMiiw  llin  mill.  [■iiimJ 

tag  from  t  le  croM  heads  of  (he  piiton-radi  la  the  cnnkt  i^aa  tlia  tvo  (hdk^ 
0  Mi4  A,  w!iich  cany  ihe  t«o  pain  of  wheels  •  ■  ii.  The  •ir-pomp  k  U  plmd 
oetween  the  two  enginn,  and  u  worked  by  a  iboit  crankX  farmad  la  the 
middle  of  ibe  tfaaft  g;  ■<  i«  the  boiler,  and  m  the  chimnry . 

GaUacas'i  ObliqM  DoMt  Wktd.— la  thii  iaTentkn  two  wlieela  are  pUeed 
at  each  side  of  the  renel,  the  axn  of  which  wbedi  do  not  lie  in  tbr  aama  tight 
line,  but  form  an  obtuse  angle  wilh  each  other.  The  axei  are  coDnccted  by  a 
uiiiverwl  joint,  to  tliat  the  wheels  revolve  together,  and  the  floats  bebu  Kt 
obliquely  to  the  axes  of  the  wheel,  the  descending  floati  in  the  two  wiMcb 
aiiproaeb  each  oiber  od  eniering  the  water,  so  ai  to  retain  it  between  tbem, 
in  tlie  action  of  prcpelling>  ohibt  the  aMeudiif 
floats  at  ihej  leave  the  water  gradanllr  separate, 
so  at  to  avoid  Ming  the  water  a*  thejnae  oat  of  it. 
Tlie  accompanying  cut  gives  an  end  riew  of  the 
wheels,  with  the  desecDdiuB  or  entering  floats  ;  a 
is  the  inner  or  driving  shaft  whicb  carrica  the 
wheel,  b  the  outer  end  of  the  shaft,  luraitig  in  a 
plummcr  block  on  the  sprine  beam  e,  diM  tKe 
outer  thafl  curying  the  wheel  «,  and  working  ' 


outer  shaft  d,  i 

connected  by  two  drag  link*  J  t,  (o  a  aimilar  enm 
arm  on  the  outer  end  of  the  shaft  a,  ibtia  constitu- 
ting a  unirrrsal  joint,  by  which  Ihe  motion  of  the 
■haft  d  is  eSected ;  m  m  are  the  descending  floats, 
the  ascending  ones  being  orailted  to  avoid 
confiiiion. 


Buchanan'!  ParaBtt  Float  W'heel.—Wuh  the  vie*  to  obviate  tbe  Iom  of 
power  wbicb  has  place  in  the  ordinary  wheel,  owing  to  the  oblique  action 
of  the  radiating  floati,  Mr.  Buchanan  invented  a  wheel  in  whicb  tbe  wbuie  of 
thppaddles  constantly  preserve  a  vertical  position  during  the  entire  rcvolnlion. 

Tbe  annexed  figure  is  an  elevation  of  Mr.  Bu  '  '      '     ' 


a  a  is  the  paddle-wbeet,  A  (  the  float*  attached  to  ipindlea  working  In  tHa 
ni  of  the  wheel;  c  e  a  guide  wheel  revolving  on  an  ecceatrie  ditc  or  ring  d. 
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fMtenrd  to  the  Tenel't  ude;  die  raun  ihafl  t  pmei  thiongb  the  nneor  disc: 
OD  to  each  of  the  ipiiidlM  of  the  paddlei.ii  keyed  a  cnnk//,  the  leagth  of 
which  U  exactly  equal  to  the  dittuice  between  the  centre  of  uie  paddle-wheel 
e  guide  wheel,  and  in  the  guide  wheel  are  a  number  of 


pini  which  woik  in  the  other  end  of  the  crankb  The  diameter  of  the  paddle- 
wheel  (rom  centre  to  centre  of  two  oppoeite  ipindlei  being  ezactlv  equal  to 
the  diameter  of  the  guide  wheel  at  the  centra  of  the  pine,  the  guiae  wheel  ii 


drawn  round  hy  the  cranki  with  the  aame  *eloeitr  •■  the  pad£e-«heel,  and 
Ae  cranki  retaining  their  pandlelisin  thronghout  the  revolution  of  the  vhsela, 
the  paddlei  attached  to  ipmdlei  of  the  cranki  of  eourae  do  the  tame  and  an 
kept  coMtantly  Tcrtical. 

OWiam'i  rAraimg  Floal-iditel,  (1 827.}— Thii  wheel  in  ill  general  appearance 
and  conitmclion,  greatly  teaemhiea  Buchanan *>  inTcntion  already  deunbed,  but 
by  an  extremely  iDgeniouiarrangement,  the  paddlea,iDttead  of  being  conttantly 
vertical  and  parallel  to  each  other  (aa  in  Buchaaaa'i  wheel),  are  eooitantlj 
varying  the  aoslei  which  thej  form  with  each  other,  and  are  in  erery  part  in 
the  refolutioD  directed  to  the  hjsheit  point  of  the  wheel,  or  of  the  circle  in 
which  their  aiei  are  ailuated.     ^  thia  peculiar  potitiou  of  the  paddles  the 


a  a  i>  the  paddle-wheel,  b  b  the  floatt  or  paddlei,  fattened  to  horiiontal  ailee 
which  are  iUDported  in  bearing*  in  the anniof  the  paddle-wheel,  and  which  pro- 
ject beyond  thearmion  that  udeof  the  wheel  which  je  neareet  the  venel'i  iide; 
c  e  a  guide  wheel  rerolring  upon  an  eccentric  disc  d,  placed  uoon  the  main 
shaft,  between  the  paddle-wheel  and  the  veswl'i  tide.  The  guide  wheel  e  c  ii 
connected  to  the  paddle-wheel  by  mcani  of  ihort  crank*,  e,  keyed  on  to  the 
projecting  endi  of  the  axlei  of  the  floatt,  and  having  holci  in  their  other  ex- 
tremity, in  which  work  pint  let  in  the  face  of  the  guide  wheel.  The  length  of 
these  cranki  muit  be  exactly  equal  to  the  eccentricity  of  the  diee  d,  and  the 
diitance  of  the  pint  in  the  face  of  the  guide  wheel,  from  the  centre  of  the  diic, 
muit  be  equal  to  the  diitonce  of  the  float  axki,  and  with  theie  proportioni  tlw 
cranki  will  in  all  poiitioni  of  the  guide  wheel  remain  parallel  to  each  other. 
The  eccentric  diic  it  attached  to  a  tube  or  long  collar  patting  throogh  the  veMal'i 
lide,  and  the  main  ihafl/  of  the  paddle  pauet  throngb  the  tube.  The  collar 
OT  tube  revolvea  in  baarinn  fixed  upon  the  veteel'inde,  and  upon  the  inner  end 
it  fixed  a  wheel  working  into  a  wheel,  upon  an  intarmadiate  uaf^  which  ihaft 
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CHila  ■  Mcond  wheel,  working  ialo  a  wheel  od  tlie  nuun  ihaft.  Time  taar 
wheeli  are  to  propoitiaiied,  that  two  iCTolulioM  of  the  main  ihaft  ihill  caiue 
the  eccentric  Jiec  to  reTolTe  once  upon  the  main  shaft;  thui,  whilst  the  guide 
wheel  hy  iu  connexion  lo  the  paddle-wheel  ravolTee  upon  the  disc,  the  diic 
itaelf  ii  alio  revoiring  upon  the  ahaft.  All  the  paddlee  are  fixed  upon  their 
■pitldlee  at  diffcienl  anglei  with  the  connecting  cranks,  lO  •«  to  etand  in  the 
poulion  ihowa  in  the  figure ;  and  m  the  disc  during  half  a  revolDtioa  of  the 
wheel  performs  a  quarter  of  a  revolution  on  (he  ebaft,  the  crenke,  which  in  the 
figure  ere  all  vertical,  would  in  half  a  revolution  of  the  paddl«-wb«el  stand 
horiioDtal,  and  therefore  the  whole  of  the  Daddies  would  in  that  time  dcKtibe 
a  quarter  of  a  revolution  on  their  axes,  and  the  paddle  which  atood  in  a  bori- 
■ontal  position  at  the  top  a(  the  wheel,  would,  when  at  the  lowest  point  of  the 
wheel,  atand  vertically. 

Morgm'i  Vibratiiig  Float-tekttl. — This  wheel,  although  commonlr  known  a* 
"Morgan's  Wheel,"  >■  it  reality  the  invention  of  Mr.Elijah  Galloway,  who 
ohiaiiied  a  patent  for  the  same  in  1829.  This  patent  was  lubsA^uentl;  pur- 
chased by  Mr.  Morgan,  who  has  since  introduced  several  material  iiupro*e- 
ments  upon  the  original  design.  The  annexed  figure  repreaenli  the  wheel  in 
'Va  improved  fiuin  u  constnicted  hj  Mr.  Morgan. 


a  a  are  the  arms  of  the  outer  fhune  of  the  wheel,  which  are  braced  together 
by  the  two  polygons  h  and  c,  and  are  connected  lo  the  arms  of  the  inner  frame 
of  the  wheel  hy  strong  Iranverae  horizontal  stays  dd.  The  paddle  shaft  doe* 
not  extend  beyond  the  boss  of  the  inner  frame,  which  is  finnly  keyed  to  it;  the 
outer  trame  revolves  upon  an  arm  e,  paasing  through  its  centre,  and  keyed 
into  a  carriage  supported  by  the  spring  beam.  This  arm  is  rormed  into  acrank 
between  the  outer  and  inner  frames,  and  the  pin  of  the  crank  supporta  the 
revolving  collar/,    g  g  s  "^  brackets  or  stems  which  turn  upon  thestan  d  d. 
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and  cany  the  floats  or  paddles.  One  of  these  stems  is  connected  to  a  stiff  rod 
or  arm  A,  which  is  keyed  into  the  collar  /;  the  other  stems  are  connected  to 
the  collar  hy  the  radius  rods  k  k,  which  turn  upon  pins  in  the  collar  and  in  the 
ends  of  the  stem.  The  revolution  of  the  wheel  causes  the  collar  to  revolve  by 
the  action  of  the  arm  A,  and  the  raidius  rods  cause  each  paddle  to  assume  in 
succession  the  positions  shown  in  the  figure. 

Dawtan*t  Badiaiing  Feathering  PaddlenoheeU. — The  distinguishing  feature  of 
these  wheels  is  that  the  floats  or  paddles  revolve  or  vibrate  upon  radiating 
arms  or  axes,  so  as  to  enter  and  leave  /^.  1. 

the  water  edgeways,  the  planes  lying 
parallel  to  the  keel  or  nearlv  so,  but 
standing  at  right  angles  to  it  wnen  fully 
immersed.  The  foUowing  description 
is  abridged  from  Mr.  Dawson's  sj^cifi- 
cation,  published  in  the  Repository  of 
Arts: — 

Fig.  1  represents  awheel  the  paddles 
of  which  gradually  change  their  posi- 
tion as  they  enter  and  quit  the  water, 
which  change  is  effected  by  affixing  on 
the  axis  of  each  paddle  two  wipers  ab 
crossing  each  other  at  right  angles  and 
of  the  form  shown  in  I^g.  2.  To  the 
side  of  the  vessel  is  fixed  an  immov- 
able plate,  on  the  surface  of  which  are 
three  projecting  arcs  cde,  being  por- 
tions of  circles,  as  shown  in  Fig.  3. 

One  of  these  arcs  is  immovable,  (describing  three  parts  of  a  circle;)  another, 
d,  draws  in  and  out  on  guiding  rods  by  a  lever  acting  through  the  sides  of  the 
vessel,  the  third  arc  e  slides  up  and  down  the  fixed  arc  e ;  the  use  of  this 
sliding  arc  e  will  be  particularly  pointed  out  hereafter.     For  the  purpose  of 


Fig.  4. 


Fig.  2. 


rtg.3. 


effecting  the  change  of  position  of  each  paddle  gradually  and  without  shock, 
both  the  fixed  and  movable  arcs  terminate  at  each  end  in  inclined  planes.  If 
these  are  made  long  and  the  wipers  in  proportion,  the  motion  will  be  very 
gradually  performed.  When  the  wheel  is  made  to  revolve,  the  point  of  the 
wiper  a  of  the  paddle  entering  the  water  encounters  the  commencement  of  the 
inclined  plane  of  the  movable  projecting  arc  dy  rolls  up  it,  and  the  paddle  is 
thereby  gradually  turned  one  fourth  of  a  circle  on  its  axis ;  by  which  means 
the  position  of  the  paddle  is  changed  from  the  edge  on  which  it  entered  the 
water  to  full  surface,  in  which  position  it  is  retained  by  the  movable  arc  d,  and 
may  be  made  to  act  for  any  determinate  space,  say  from  /  to  g.  The  other 
wiper  b  then  encounters  the  inclined  plane  of  the  immovable  arc  c,  rolls  down 
it,  and  the  paddle  is  thereby  gradually  turned  another  quarter  of  a  circle  on  its 
axis,  by  which  means  it  b  turned  round  to  the  opposite  edge  on  leaving  tfia 


732 


HEAD'S  PATENT  PADDLE-WHEELS. 


waUr.    In  thit  pocition  it  ii  retained  by  the  fixed  prqjectiag  mwe  c  imtil  it 
again  encounters  the  water. 

Supposing  it  was  required,  with  the  view  of  obtaining  a  greater  aetioii  oo  tbe 
wave,  that  the  paddles  of  a  feathering  wheel  should  exceed  tbree  or  four  feet 
in  breadth,  say  six  or  eight  feet,  it  b  obvious  that  the  friction  and  difficuky  in 
effecting  the  change  of  position  in  the  paddles  would  be  materiaHj  increaaed, 
and  the  number  of  paddles  would  be  limited.  Under  these  circumstances, 
instead  of  making  a  double  feathering  wheel,  that  is^  of  joining  two  wbeeh  of 
three  feet  together  to  obtain  the  breadth  reouired,  I  prefer  conatmcting  a 
featherine  wheel  with  paddles  three  feet  broad,  on  eacn 
side  of  which  1  fix  shrouding  boards  hh,  oi  twenty  inches 
width,  at  a  certain  angle ;  by  this  means  I  avoid  all  increasa 
of  friction,  check  the  lateral  escape  of  the  fluid  from  the 
paddles,  and  obtain  a  commensurate  surface  for  the  water 
to  act  on.  Each  paddle  i  and  its  fixed  shroudmg  boards 
h  h  enter  the  water  on  their  edges ;  as  the  wheel  revolves, 
the  paddle  changes  its  position  and  presents  its  full  surface, 
and  thereby  closes  the  open  space  between  the  boards ,  after 
a  given  time  it  gradually  opens  as  it  rises  out  of  the  water, 
and  returns  to  its  first  position  on  the  edges.  By  this 
arrangement,  although  the  surface  of  action  is  increased, 
the  ease  of  entering  and  escaping  from  the  water  is  re- 
tained ;  and,  accordmg  as  the  arcs  are  fixed  on  one  side 
or  the  other  of  the  wheel,  the  waiter  will  be  thrown  gff  the 
paddles  in  or  out  from  the  sides  of  the  vessel. 

It  has  been  fairly  objected  to  wheels  on  the  above  con- 
struction, that  they  are  expensive,  complicated,  and  work 
with  much  more  friction  than  the  wheels  commonly  employed.  To  obvistte 
these  objections  I  constructed  the  wheel  shown  in  Fig9, 6  and  7.  The  paddles 
of  this  wheel  are  formed  of  two  boards  posited  at  a  certain  angle  face  to  fiace 


^.6. 


Fig.  7. 


on  their  respective  axes,  leaving  only  a  space  sufficient  for  the  free  escape  of 
the  water  between ;  in  this  position  they  are  retained  by  stops  from  opening 
any  farther.  When  tlie  wheel  revolves,  the  water  acting  on  the  broad  surface 
of  the  paddles  causes  them  to  close  as  they  enter  the  water,  and  to  remain  so 
until  they  begin  to  rise  out  of  it,  when  the  weight  of  the  water  lodging  on  the 
narrow  surface  only,  causes  them  to  open,  and  in  consequence,  the  water  falls 
through  without  being  lifted. 

HeatTt  Patent  Paddle-wheeU,   (Dec.  18,  1828.)— The   principle  of   this 
invention  is  identical  with  one  of  those  patented  by  Dawson  in  1814,  already 


SLIDING  FU>ATS— EKDLE3S  CHAINS. 


733 


deacrfbcd.    Each  paddle  oonriiti  of  tiro  Imtm,  fixed  to  ndmting  u)d  rerotritig 

■pindla,  tnpporM  at  the  outer  end  by  a  croaa  bar  auacbed  to  tha  opponte 

•raw  ti  tbe  wheel,  and  at  the  other  end  bj  a  limilar 

bar  attached  to  the  two  bones.      That  part  uf  the 

paddk  abaft  which  lie*  within  the  boam  of  tbe  wheel 

M  turnNinded  bj  a  tabe  or  collar,  which  pauea  through 

one  of  the  bowei,  and  u  fastened  to  one  lide  of  the 

paddle-box,  lo  that  it  remains  itationarf  whilU  the 

wheel  reTolvBL     Upon  this  collar  are  fixed  two  boaiei, 

in  the  periphery  of  each  of  which  ii  cot  a   groore 

compoeed  M  portions  of  two  parallel  circlei^  connected 

by  two  oblimie  ehanneli  aa  shown  in  the  diagram ;  in 

which  a  ii  Ute  grooTed  hoes  fixed  opon  the  collar  b, 

and  e  the  paddle-shaft  rerohring  within  the  collar. 

mi^'t  EeetntrieSUdmgFtoaU,  (1S3JS.)— The  object  of  Oesa  i  nprorenirTi 
liminisb  the  resistance  i^  the  back-wslei ;  with  thia  view  tiie  arms  a  a  of  tl 


wheal  (which  are  fixed  radially),  have  rroores 

extending  the  greater  portion  of  their  length, 

and  in  these  grooves  the  paddle  boards  b  b  are 

placed  1  an  eccentric  groove  c  is  fixed  to  the  side 

of  the  Tcsiel,  and  a  corresponding  eroove  is  alio 

fixed  to  the  spring  beam  <H  the  paddle-box,  and 

a  pin  in  each  end  of  the  paddles  works  in  these 

gruoTei  and  regulate*  the  diitaoee  of  the  piddle 

from  the  centre  of  the  wheel.    Tha  eccentric 

grooves  are  so  placed  as  to  cause  the  entering 

paddles  to  stand  at  the  extremities  of  the  arms,   I 

so  as  to  act  with  fiill  effect ;  but  after  passing  the  '- 

pei^ndicular   the  paddle*   are  drawn  by  the 

action  of  the  eccentric  grooves  nearer  to  the  centre  of  the  wheel,  ao  ai 

leu  back-water  as  they  rise  out  of  the  water. 

EndUu  Cham  PatUlti. — With  the  view  of  obtaining  a  direct  impulse  in  the 
line  of  the  vessel's  motion,  in  lieu  of  the  oblique  motion  imparted  by  the 
ordinary  paddle-wheel,  trials  have  been  made  at  various  times  of  floats  attached 
to  endless  chains,  passing  over  two  drums  placed  at  the  sides  of  the  vessel  at  a 
considerable  distance  asunder. 

Spargin'i  Endltu  Cham  lo  Whtel.—The  accompanying  engraving  represents 
ail  arrangement  of  a  propeller  on  thia  pinciple,  for  which  Dr.  Spurgin  obtained 
a  patent  in  1637.  It  possesses  some  advantages  over  preceding  arnuigemeols 
on  the  lame  principle,  each  paddle  of  the  chain  being  made  to  enter  and  leave 
the  water  at  the  angle  required  to  produce  the  most  effective  action.     For  this 


purpose,  instead  of  em^ying  Mtiy  two  pair  of  riggers  to  carry  the  endless 
cbaina.  three  pair  we  employed,  (be  central  pair  being  either  of  greater 
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diuMtcT  thu  the  ptun  at  Mch  cud,  or  having  'Ot  azii  pUead  lower  tba  &• 
azM  of  the  otber  two,  lo  M  to  eauu  the  tower  ndee  at  Iha  cluiii  to  dnl 
obliquely  to  the  water,  initcad  of  parallel  thereto,  a*  in  all  pfvrioBa  p 
of  thia  dau^  by  thi*  obliquity  of  the  ehaii)  the  paddlea  ■*"  *~  ~ 

angle*  iheieto  are  made  to  enter  and  leave  the  water  al 

The) 


paddlea  "*"^'"r  at  B(te 
!r  al  a  ew¥— [MiJiDg  w^ 

e  figure  repTceenla  a  tide  elevation  of  the  upaiaboi.  a  •  ia  a  eaat  dm 

:  lecured  to  the  lidei  of  the  *e»el  by  the  boll*  btik,  e  ia  ooa  of  a  pv 

of  ipike  wheeli  fixed  on  the  engine  ihafl  ^  «  >  riggeta  or  pt>il«Ta  n 


a  ilotiii)  iha  frama  a 


the  pini  or  ituda//  at  each  end  of  the  &une,  ^^  an  ei 

round  the  rigeen  e  e,  and  over  and  under  the  ^ika  wheel  c :  in  order  to  ki^ 

lbi(  chain  tidily  eiiended,  the  Hudi//inove  in  alo^  '-  •"—  " — ^    " 

keyed  Dp  by  any  canvenient  method,  lo  ai  lo  give  tl 
chain ;  A  A  are  the  ^oats  which  are  carried  by  the  ii 
forged  in  one  with  the  middle  links  which  eupport  them. 

Aoother  improvement  ipccified  under  the  patent  conaiala  in  the  mode  cf 
conalructiog  the  chain.  It  ii  formed  of  nogfe  and  dotiUe  Unka  eltiiiHaliilj, 
the  aingle  linki  having  on  their  back*  a  flange  aa  broad  aa  tlie  double  linlt^ 
and  projecting  lengthwiie  half  way  over  each  double  link,  aa  that  the  flangei 
of  the  two  contiguoui  aingle  Unka  abut  agaiiut  each  other  aa  dkovn  in  the 
figure,  which  repreaeDta  a  wde  elevation  of  a  portion  of  the  chain. 


(^ 


o)     g  To     *^    o)     *    oj 


a  a  ore  the  double  link*,  b  b  the  .ingle  link*,  and  e  c  the  Qangea  on  the  backa 

of  the  lingle  Lnk*. 

Slttau-K  CroMk  Aik  PadMt$,  (1828.)— In  thU-inventiM  three  pnddlee  are 
attached  *eparately  to  the  arm.  of  a  tbree-throwed  crwk,  and  by  meana'of 
radiu.  and  guiding  rod.  connected  with  them,  the  paddlea  are  each  made  to 
deictibe  in  tlie  wai^i  the  .egment  of  an  ellipie. 
i'tg.  1. 


At  a.  Fig.  1 ,  ia  the  centre  of  the  axii  of  a  triple  crank,  the  aeparate  arma  of 
which  (marked  rcr,)  move  between  parallel  ban  on  the  ude  franie  dd  of  iha 
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paddla-box.  ACaer  are  the  threapaddlsi,  con- 
nected by  the  euide  Todi  ///  to  the  radiu!! 
rodi  ggg,  the  latter   working  from  r   '     ' 


i   h.     Kt  i 


■preadera"  to  keep  the  paddles  Rrm 
•teady.  Fig,  2,  nhJch  repmenti  a  aeciion 
through  the  horizoiital  heaau  dd  ehown  in 
Fig.  I,  U  added,  for  the  better  eiplanation  o( 
the  parti  than  could  he  done  h;  worda.  This 
invention  wai  much  admired  for  itiingenniiy 
irhen  brought  out. 

yaim't  PropeUmg  ifpjnmihM, patented  in 
1S26,  is  an  example  of  what  ia  termed  tiie 
"Duckifoot  motion,"  coniisling  of  tiro,  fgur, 
or  more  leven  niapended  over  the  tides  of  a 
vessel,  detcending  neatly  as  low  as  the  Teasel's 
keel.     These  levers  are  made  lo  vihrale  by 
the  engine,  and  in  order  that  thej  may  ex- 
perience but  little  resiatance  from  the  vsti^r 
m  their  back  itnike,  they  abould  be  of  such  j\ 
a  ahapeaslo  wesent  in  their  horizontal  tiz-  - 
tjon  a  form  like  the  adjoining  Fig.  1.     At  -    ~ 
each  aide  of  the  lever,  at  Ite  lower  extremirv,  '- 
ii  attached  a  broad  pUle  of  iron  a  a,  F%g.  2,  by 
upon  the  lever  being  moved  forward, 
close   and   offer  no   resistance,   but 
when   it  is   moved  backward,  they 

rn  or  expand,  and  (hereby  propel 
vewel  forward.  They  are  pre- 
vented firom  opening  beyond  their 
prooer  angle  by  arcs  or  chains. 

Perkint't  ScaUing  PaddUtOeeb.—la  1829  Mr.  Perkini  obtained  s 


Fig. 


for  the  follDwing  mode  of  propellinsi  which  may  be  considered  ai 
"'    -  "~  "r.  Ferkins  places  each  of  hia  paddles 


of  sculling  motion.  Mr.  Ferkins  places  each  of  hia  paddlea  on  the  extremity 
of  a  radiating  arm,  in  such  a  position  that  iu  plane  if  produced  towarda  Ibe 
centra  of  motion,  would  make  with  the  axis  of  the  paddle-wheel  an  angle  of  45°. 
The  axes  of  the  paddle-wheels  are  not  carried  acrosi  the  vessel,  in  the  customary 
manner,  but  are  conied  in  a  direcUon  sloping  toirards  the  stern,  and  they  meet 
in  a  point  in  a  straight  line  from  stem  to  stem  along  the  middle  of  the  vessel, 
making  witb  it  ao  angle  of  45°  each,  and  with  each  other  of  90'.  On  the 
extremity  of  the  axts  are  fixed  hevel  wheels,  which  act  upon  each  other,  and 
are  both  acted  npon  hy  an  intermediate  wheel  in  connexion  with  the  ateam 
engine  or  first  mover. 

By   this   arrangement,   the   surftce  of   each  paddle, 
when  immersed  in  the  water  at  its  greatest  depth,  is 
perpendicular  to  the  aide  of  the  vessel,  or  to  the  line  of 
motion,  as  represented  at  c,   in  the  annexed  figure  in 
the  marginal  cut ;  at  their  greatest  elevation,  each  paddle 
f  is  parallel  to  the  line  of  motion,  ai  at  «  ;  and  when  in 
the  horizontal  position,  whether  ascending  or  descending, 
the  paddles  present  an  angle  of  about  45° ;  and,  from  (he 
angle  it  deviates   but  little  when  in   the   act  of  enter- 
ing or  leaving  the  water,  as  the  patentee   propoaes  to 
immerse  (he  wheel  to  about  one-fourth  of  its  diameter. 
The  annexed  fignra  is  intended  (o  represent  tbe  outline,  in  plan,  of  a  vessel 
with  these  paddle*  atlacbed.     At  a  is  the  boat,  bb,  the  paddle  axle,  to  which  a 
uniform  motion  i*  given  through  (he  medium  of  the  bevel  gear  which  connect* 
them ;  e  e  aie  two  of  the  paddla*  immer*ed  in  the  water,  and  in  the  act  of 
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propelling;  d  il,  ee,  and//,  are  thoM  paddka  wbiA  MMaad  « 
nrolutian.  The  oblique  aetion  of  tha  bladca  of  Oa^  paddki  ■ 
their  revolutions,  will  M  ui  ' 


«  ondentood  b;  raiame*  to  tka  cot  bafoae 


'^CT 


Lmaaitr'i  PnpdEag  Pnmpt,  (1808).— Mi.  LitmakM  propoaqif  two  pUa*  for 
pTOpetlinK  veweli  b;  meaiu  of  pumpa :  in  tha  fiiat  the  punpa  ware  placed 
DoruoDtuly  beneath  the  Teaul'i  boUom,  and  in  the  lecMid,  a  pump  waa  pl^ftil 
varticaUv  within  the  veuel,  and  communicated  with  two  borisontal  t' 


which  ia  lat  bottomed,  b  one  of  two  rectanpilar  tntnlu  whick  extend  on*  o« 
each  dda  of  the  keel  the  whole  length  of  the  botlotn.  Id  a^t  troi^h  ii  a 
nctangular  plunger  c,  fitting  the  trough,  and  connected  hy  the  roda  ddta  the 
hanging  leVen  •  *.    Theae  kneia  are  worked  to  and  fro  hy  iba  ateam  aigine  /, 


Mting  upon  the  bell-crank  lever  g,  the  croai  anni  of  which  are  connected  to  the 
leven  e  e  b j  the  roda  h  k;  i  u the  cMideuBer,  and  i  the  air  pump,  ai  thw  boiler, 
and  «  the  fiinnel ;  e  le  a  hanging  valTe,  in  the  fore  part  of  the  tmnk,  and 
opening  lowardi  the  item.  At  each  aacending  and  deacending  itroke  of  the 
engine,  one  of  the  plungpn  ia  ihruat  forward  and  the  other  backwardi,  and  by 
the  latter  motion  the  water  U  drawn  in  at  tha  valva  o,  and  expelled  at  tha 
hinder  end  of  the  trough. 

Mr.  Linnaker's  Kcond  plan  ia  amilar  in  principle  to  the  preceding,  bat  the 
general  an-angement  it  better,  and  more  complete.  It  ii  ihown  in  Sig.  2, 
which  reprcienta  a  traniTCTae  section  of  ifae  rene)  and  propelltn^  tpptirmtom. 

a  a  a  a  'i  tha  franM  of  the  veaMl,  which,  ai  in  tha  former  inattutca,  {■  flat 
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bottomed,  b  and  e  two  rectangular  troughs  fanned  below  ihe  bottom,  and 
extending  tbe  whole  lengtb  of  the  floor,  d  d  is  a  large  vertical  pump  com- 
municating below  directly  with  the  (rough  b,  and  connected  at  the  upper  part 
with  the  other  trough  c,  by  the  elbow  pipe  e;  upon  this  pump  ii  fixed  a  verueal 


■leamengine/,  and  toihe  erosihead  of  the  piston-rod  are  attached  two  aide  rods 
ff  f,  which  pau  through  lUiffing-boxei  in  the  cover  of  the  nump,  and  are 
attached  lo  the  pijton  h  of  the  pump.  The  troughs  are  fumiihcd  at  each  end 
with  a  double  >et  of  banging  valvea,  to  as  to  admit  of  reversing  the  motion  of 
the  boat,  which  is  efiected  by  merely  turning  a  lever,  which  throws  one  set  of 
tlie  valves  out  of  action,  and  pQts  the  other  set  in  operation. 

The  action  (tf  this  apparatus  will  be  readily  seen ;  at  each  stroke  of  the  engine 
the  pump  draws  in  water  from  the  bows  bj  tbe  one  trough,  and  ezpeb  at  the 
stem  wMer  from  the  other  trough,  which  by  the  reactiou  gives  motion  to  th* 


Is  has  been  termed  the  "  reactionary  principle; 
the  patentee- 
It  is  well  known  that  water  contained  in  a  vessel  has  a  tendency  to  drive  out 
the  sides,  or  hurst  such  vessels  by  pressure  in  every  direction  in  proportion  to 
the  perpendicular  height  at  which  the  water  stands  i  and  it  is  also  well  under- 
stood that  if  an  opening  be  made  at  any  part  of  tbe  vessel,  the  pressure  on  that 
part  will  be  relieved  by  the  flowing  of  water  therefrom,  at  the  same  time  the 
pressure  in  all  other  directions  remains  the  ume,  so  long  as  the  head  of  water 
is  maintained  at  one  waler-line  -,  and  it  will  readily  be  understood,  that  if  the 
vessel  were  free  to  move,  and  bad  no  opposing  force  greater  than  the  unbalanced 
iolemal  pretmre  on  the  side  of  the  vessel  opposite,  the  opening  would  cause  the 
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Tencl  to  move  in  a  dhrectioo  opposite  to  the  opening,  fiieh  actioii  resembling  m 
principle  the  working  of  the  hydraulic  machine  called  Barker's  Mill. 

The  mode  in  which  this  principle  b  to  be  applied  to  propel  Teaiek  maj 
be  thus  described  : — 

a  a  in  the  figure  represents  a  tank  or  cistern 
erected  in  any  convenient  part  of  the  fessel,  and 
supplied  with  water  by  a  steam  engine;  6  6  u  a 
section  endways  of  a  trunk  branching  from  one  side 
of  the  tank,  and  proiecting  over  one  aide  of  the 
vessel  at  any  convenient  height  above  the  water- 
line,  a  similar  trunk  projecting  from  the  opposite  side 
of  the  tank.  Each  trunk  is  furnished  at  its  outer 
extremity  with  two  sluice  valves,  the  one  of  which 
(c)  covers  an  aperture  in  the  fore-side  of  the  trunk, 
and  the  other  (d)  covers  a  similar  aperture  in  the 
hinder  or  aAer  side.  Now  if,  botli  valTes  being 
shut,  the  tank  be  filled  with  water  to  any  given 
height,  the  pressure  upon  the  fore-side  tending  to  propel  the  vessel  forward  will 
be  OS  the  pressure  of  the  column  of  water;  and  supposing  the  pressure  to  be 
one  pound  per  square  inch,  and  that  the  sluice  valves  on  each  side  are  each 
twenty-five  inches  wide,  then  if  the  valves  are  raised  one  inch,  the  unbalanced 
pressure  tending  to  urge  the  vessel  forward  will  be  fiftv  pounds.  If  it  be 
desired  to  give  Uie  vessel  stern  way,  the  valves  d  must  be  closed,  and  the  valves 
e  opened. 

Screw  Propellers. — The  idea  of  propelling  vessels  by  a  screw  (in  lieu  of  oars) 
is  of  ancient  date ;  it  is  mentioned  in  the  "  Machinei  ei  InvetUunumproav^M  par 
fJcadSmie  Royale  des  Sciences  depuis  1 727  jusqu'd  1 731 ."  Franklin  long  aner- 
wards  suggested  die  same  thine,  hut  expressing  doubts  at  the  same  time  of  any 
advantages  to  be  obtained  by  the  plan.  In  this  country  a  patent  waa  obtained 
in  1794  by  a  Mr.  Lyttleton  for  '<  An  Aquatic  propeller,"  consiatinff  of  a 
screw  of  one,  two,  or  more  threads  wrapped  round  a  cylinder,  and  reToTving  in 
a  frame  placed  at  the  head,  stern,  or  side  of  a  vessel.  We  believe  this  to  be  the 
first  patent  for  a  screw  propeller. 

Various  modifications  of  the  screw  have  since  formed  the  subject  of  several 
patents,  but  it  is  only  within  a  few  years  that  screw  propellers  may  be  said  to 
have  come  into  operation. 

Smith's  Archimedean  Screw  Propeller,  (1836.)--The  annexed  enmring  re- 
presents partly  in  section  the  patented  invention  of  Mr.  F.  P.  Smith,  to  whose 
perseverance  and  energy  is  mainly  owing  the  establishment  of  screw  propelUng. 

a  a  is  a  screw  or  continuous  spiral  blade  wound  round  a  cylinder  6,  turning 
in  bearine;s  at  c  c ;  at  i^  is  a  mitred  wheel  fixed  to  the  shaft,  and  actuated  by  the 
mitred  ntheel  e  affixed  to  the  vertical  shaft  /,  at  the  upper  end  of  which  abaft 
is  another  mitre  wheel  y,  which  is  driven  by  the  wheel  k  fixed  upon  the  engine 
shaft  t ;  the  screw  works  within  an  open  space  formed  in  the  deadwood  of  the 
vessel,  and  the  vertical  shaft  works  in  a  well  which  is  open  both  at  top  and 
bottom,  so  that  the  water  rises  to  the  level  of  the  water  line  of  the  vessel  The 
shaft  is  stesdied  by  one  or  more  bearings  k  according  to  its  length. 

Mr.  Smith  constructed  a  vessel  (which  he  named  the  Archimedes,)  for  the 
purpose  of  testing  the  merits  of  this  mode  of  propelling,  and  the  resulta  were 
most  satisfactory.  In  July,  1840,  the  vessel  made  an  experimental  voyage 
round  this  island,  vid  Portsmouth,  Bristol,  Liverpool,  Greenock,  the  Caledonian 
Canal,  Inverness,  Lcith  and  Hull,  and  thence  hack  to  London.  Up  to  her 
arrival  at  Hull  she  had  steamed  1772  miles  in  210  hours,  being  on  an  average 
about  8*2  miles  per  hour  in  all  weathers  and  states  of  the  tide.  The  govern- 
ment subsequently  appointed  a  protracted  trial  to  be  made  between  the  Archi- 
medes and  the  Widgeon,  a  government  steamer  propelled  by  paddle-wheels,  and 
from  the  success  of  the  experiment  were  induced  to  order  the  Rattler  steamer 
to  he  constructed  with  a  screw  propeller,  and  in  this  vessel  experimenta    with 
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bliahed  the  efficiency  or  the  ^     ,    -  -. 

numeroiu  govenimeat  veueli  u  well  m  private  ateunen. 


havt   been  made,  vbich  have  finnlf  e*ta 
01  ■  pTopeUer,  and  il  it  now  emplojred  ii 


Ericaon'B  SeroB  Pr<^ller.~ln  1836  CapUin  Ericuon.aSwediihgeDttemaii, 
well  known  Tor  IiU  mechanical  talent,  obtained  a  patent  for  an  apparatu*  for 
propelling  iteam  veaMls.  The  intention  coDtiiU  in  a  modification  of  the  water 
■crew,  or  ipiral  propeller;  but  applied  in  •  different  manner  to  what  has  been 
uiually  proHwed.  Fijf.  1  ii  an  end  riew,  aud^.  2  a  tide  view  of  the  apparatni. 
Upon  a  broad  cylindrical  hoop  a  of  wrought  iron  are  placed  light  fans  or 
Tanei  b,  in  an  oblique,  or  rather  a  t^iial  direction,  ai  the  wheel  maj  in  fact  bs 
considered  as  a  abort  poition  of  a  screw  of  eight  threads,  the  rake  of  which  i* 
about  equal  to  the  external  circumference;  or  one  turn  of  the  screw  would 
advance  it  thitnigh  a  space  equal  to  the  circumference.  These  fans  are  firmly 
riveted  to  the  hoop  a,  and  also  to  a  narrow  hoop  e  at  their  outer  edges;  and 
the  hoop  e  is  connected  to  its  shaft  by  three  broad  wrought-iron  arms  d^  sat  at 
such  an  angle  as  to  offer  the  lesgl  possible  resistance  to  the  passage  of  the  wheel 
through  the  water.  Two  of  these  wheels  are  suspended  ^m  the  stem,  by  a 
strong  framing  e ;  the  shaft  of  the  outermost  wheel  paise*  through  the  shaft  of 
the  inner  wheel  (which  is  made  hollow  to  receive  it) ;  and  both  shafti  jhu* 
through  au  iron  socket/,  in  the  stem  post,  and  through  a  stuffing  box  g,  filed 
on  the  stern  post  within  the  vessel,  to  prevent  the  entrance  of  the  water.  The 
aet  of  vanes  upon  the  two  wheels  stand  in  opposite  directions;  and  the 
two  shafts  are  eonoccted  to  the  engine  in  such  a  manner  that  the  two  rerolve 
in  contrary  directions,  and  the  outer  wheel  about  one  sixtb  faster  than  the 
bner  one.  A*  the  shafla  pass  through  the  rudder,  the  upper  and  lower  portion* 
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are  coDDected  hj  a  brood  iron  itay  h  on  each  die,  at  mA  fini  ■>  >&  • 
the  necnsary  ribration  of  the  rudder.  Tb«  whecU  ai 
the  water. 

^3-  2-  Fig.  1. 


Hwa'*  SUermg  and  Propelling  Apparalui.—The  diitinguiahiog  feature  «f 
thii  apparatus  consiils  in  iu  comhiniag  the  two  opeiatiom  of  propelling  and 
steering  id  one.  The  follDwiDg  description  we  quote  from  the  inventor* 
specification  : — 

"  a  is  a  dnving  shaft,  connected  in  the  usual  way  with  a  steam  engine  or 
other  first  mover;  b  an  upright  bearer  on  which  the  shaft  a  works,  e  a 
bevelled  cog-whccl,  sLlached  to  the  ^iid  of  the  driving  shaft,  d  a  hollow  vertical 
shaft  (mode  hollow  for  the  purpose  of  receiving  occasionally  a  supply  of  oil  to 
Uibricate  its  different  tiearing  points)  which  passes  down,  right  tbrough  the 
stem  oF  the  vessel  close  to  the  waler  line,  and  reaches  outside  to  near  the  keel, 
where  it  rests  in  a  projecting  heel-piece,  h,  bolted  firmlj  to  the  keel  or  kelson, 
carrying  at  top  a  second  cog-wheel  t,  which  takes  into  the  first  cog-wheel  c, 
and  at  bottom  a  third  cog-wheel  m,  which  takes  into  a  fourth  n,  which  acts 
immediately  on  the  propellers  hercinafler  mentioned;/ is  a  case  which  encloses 
the  vettieal  shiiit  i^  and  is  connected  with  it  at  lop  and  bottom  by  gun-metal 
bearings  ;  g  a  trunk  (formed  by  an  e^ilargement  nt  the  bottom  of  the  case  /,) 
which  encloses  and  protects  the  third  and  fourth  ct^-wheeU  M  and  m,  and  is 
made  of  brass  or  some  other  metat  not  readily  oicidizable ;  i  is  a  short  horixon- 
tal  ahufl  on  which  the  fourth  cog-wheel  n  is  fixed,  one  end  of  which  shaft  rests 
in  the  bearing  t,  inside  of  the  trunk  g,  and  the  other  passes  through  the  trunk 
g  into  a  coupling  box  o ;  p  p  is  a  nave  or  boss  at  the  end  of  the  coupling  box  o, 
into  which  are  fixed,  at  right  angles  the  one  to  the  other,  the  four  bbdes  or 
propellers  p,  by  which  progreeaive  motion  is  given  to  the  vessel.  So  much 
of  the  apparatus  at  I  have  hereinbefore  described,  is  employed  solely  for 
propelling  purposes,  and  its  mode  of  operation  it  as  follows : — The  driving 
shah  on  being  set  in  motion  by  the  steam  engine  or  other  Gnt  mover  tunu 
the  first  coe-wheel  c,  which  turns  the  second  cog-wheel  e,  which  (through  the 
medium  of  the  shaft  d,)  turn*  the  third  ci^'Wheel  m,  which  turua  the 
fourth  or  last  cog-wheel  n,  which  turns  the  shaft  i,  which  (through  the 
medium  of  the  coupling  box  o,  and  how  p  p,)  causes  the  blades  or  propelleia, 
p,  to  rotate  and    thereby    propel    the    vesseL    The    steeling   part  of  the 
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appvatut  I  ili»ll  now  proceea  to  describe,     w  w  are  the  aim*  (if  a  rt 
Aeel  fixed  on  the  top  of  a  veitical  •hady,  which  pa»e«  through  the  » 


ileek,  turning  freely  oi 
socket  I.  On  (hii  ihad  a  bevelled 
cog-wheel  1  ii  fixed,  the  cogs  of 
vbkh  work  intoacorTeipondJPgset 
of  cogs  at  the  end  of  a  bonMntal 
■crew  ihafl  e,  which  takes  into  a 
quadrant  z,  (separately  ihown  in 
the  adjoining  cut,  but  omitted  for 
sake  of  cleimen  in  the  preceding  ; 
figure,)  which  is  attached  to  the  top  ' 
of  tlie  case  /,  which  encloses  the 
vertical  sbalt  e.  It  follow*  from 
the  aeries  of  combinatiom  last  de- 
scribed, that  according  i«  the 
steersman  turns  the  wheel  to  the 
one  side  or  the  other  he  must  turn 
to  one  side  or  the  other  the  quadrant  .... 
caie/,  which  govenii  (ihrougb  the  medium  of  the  shaft*  d  and  i,  and  llie  gear 
work  in  connexion  with  them)  the  position  of  the  propallen,  p  p,  and  so  cau*e 
the  propellers  always  to  act  in  a  line  exactly  coincident  with  that  desired  to  be 


D  the  V. 


lel." 


Canat  Navigation. — The  application  of  ateam  to  tbe  navigation  of  canals  hat 
long  been  ronsidered  a  desideratum,  and  many  plans  have  been  brought  for- 
ward for  the  purpose,  but  none  have  been  permanently  adopted.  Amongst  the 
obstacle*  to  lu  introduction,  i*  the  swell  caused  by  the  propelling  apparatus, 
which  it  M  destructive  to  the  banks,  that  uniesi  it  could  be  obviated,  it  would 
go  fkr  to  counterbalance  an;  advantages  which  might  otherwise  attend  the  uie 
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of  rtMm.  Another  obiUde  u  fbund  in  Aa  ninowmM  vt  Ae  iockm,  wlid 
laaTB  little  ^laee  for  tbe  fixing  of  Iha  propeUcn  at  Ibe  nd*  «f  tbe  vewcL  0* 
tb«  ether  band,  canili  adinit  of  the  ftppliemtioD  of  modei  of  pmpallii^,  by  whidi 
■  fixed  tidcnun  can  be  obtained  in  lien  of  die  yielding  or  rvceding  fnla^ 
which  ii  afibrded  by  the  water. 

We  ihall  notice  a  few  of  the  ioTentioiu  dedgned  eapedaEj  for  Ihia  olgecL 

Stacard"!  Spiie  WhetL — Meun.  Seaward'i  plan  for  propeDing  Tiwdi  at 
canal*  and  other  ihallow  water*  conuiti  in  the  employment  of  a  circolar  tbnM- 
iag  initrumcDt  or  Bpike-whecl  to  act  cootinnontly. 

Id  the  annexed  cut,  a  ii  the  ipikD-wheel,  working  either  oa^da  the  bga^ 
or  in  a  compartment  within  the  Tenel,  but  open  at  bottom.     In   oider  la 


by  bearingi  at  the  eitremily  of  a  awinging  frame  b ;  the  other  end  c 
ii  hung  to  a  abaft  c,  turned  by  a  steam-engine  ;  on  Ihti  thaft  ia  fixed  a  pultej 
or  dnun  d,  and  a  umilar  pt^ey  or  drum  e  i»  fixed  on  the  axia  of  the  wheel  a, 
and  an  endlen  belt  or  Ghain  being  paned  round  the  wheel,  the  revolution  of  tbt 
drum  d  caniei  the  *pike-wheel  to  rcTolve,  and  thereby  propel  the  veaad. 

SaztoH't  mode  of  Projmldan  on  Canali  {1833}.^Tbii  iuTeotion  ia  intended 
for  propelling  light  veneli  at  a  high  velocity  on  canal*.  It  conaiata  in  a  novel 
and  ingenioui  application  of  the  convene  principle  of  the  anangement  com- 
monly (nown  aa  the  Chineit  or  differential  crane,  the  latter  being  digued  to 


rooTB  agreatload  through  a  email  ipace,  by  a  unalt  force. movins  through 
a  large  space ;    whilit  in  this  invention  a  small  load  ia  moved  thrDUgh  a  laige 


ipace,  by  means  of  a  greet  force  moving  throueh  a  amall  s; 
In  order  that  the  invention  may  be  fully  understood,  i~ 


'fer:-      I ,        '  "-w -^  -    i,t-7i  ifT.iii  <^ 

explain  clearlv  the  principle  of  it,  before  we  describe  the  practical  applEciiuu.b 
It  IS  Ihu*  explained  in  the  specification,  which  itgiven  at  length  in  the  ReDoaH 
tory  of  Arte.  ^ 
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■  combinatioQ  of  tvo  pullefi,  tlieir  diameten  being  m  lix 
;  a  being  the  larger  pulley,  and  b  the  iniHller  one ;  c  (f  it  an  eudleai 
rope,  pouing  over  the  iheaTea  c  e,  which  ropF  it  should  be  obierved  takei  a 
turn  round  each  of  the  pulleva  a  and  b,  that  ia  to  sa;,  the  part  c  taking  a  tum 
ronnd  the  larger  pulley  d,  and  the  pait  J  taking  a  tum  round  the  (mailer  pulley  i. 
it  then  the  rope  d  b«  cauied  to  move  in  the  direction  of  the  arrow,  it  will 
have  a  tenden^  to  draw  the  lower  part  of  the  pulley  b  in  the  lame  direction ; 
while  the  part  e  of  the  endlew  rope  will  be  moving  in  an  oppotite  direction, 
and  will  have  a  tendency  to  move  the  lower  part  of  the  pulley  a  in  the 
lame  direction  ;  coliaequenlly,  the  two  puUeye  ab  (they  being  filed  tocether) 
would  tum  OD  the  mean  point  /,  ai  a  fiilcnini ;  g  a  the  centre  of  the  two 
puUeyi.  Let  it  then  be  inppoied,  that  the  part  d  of  the  endlet*  rope  be 
(Doved  from  A  to  i,  it  will  be  evident  that  the  centre  a  of  the  difierential  pulleyi 
a  b,  would*be  moved  to  the  pdnt  j';  and  coniequenuy  if  anj  object  were  con- 
nected to  the  centre  g  of  theie  differential  puUeyi,  it  would  be  propelled  from 
$  to  jhy  the  cndleM  rope  being  moved  the  much  imaller  diitance  of  A  to  t, 
ax  is  clearly  indicated  by  the  dotted  linei ;  and  these  dittancM  will  be  at  thirteen 

We  tbail  now  defcriba  the  mechamcal  amngeroent  of  the  invention,  as 
applied  to  propel  vessel*  on  canals. 

a  and  b  are  two  pullers  upon  one  aiia  e, 
ilie  points  of  which  tum  m  bolet  in  Iheforked 
framed  the  stem  of  which  |'e,J  turns  in  sockets 
g  g,  at  the  outer  extremity  of  the  arm  h.  The 
pulley  a  is  fixed  to  the  axis,  hut  the  pulley  b 
IS  looee  upon  the  aiiij  it  is  a  sliding  clutch 
upon  the  axis,  carrying  an  arm  n,  in  which  is 
a  pin  passing  through  a  hole  in  one  of  the 
•nns  turthepallej  a;  « is  a  bent  lever  turning 
upon  a  pin  m  the  (brked  frame  d,  and  having 
a  forked  eitremilj,  which  embraces  (he  sliding 
clutch  k.  When  by  the  motion  of  the  lever 
the  clutch  is  brought  close  to  the  pulle;  a,  the 
pin  in  the  arm  m  passes  between  the  spokes 
of  the  pulley  h  ;  and  when  it  comes  in  con- 
tact with  one  trf'  them,  it  carries  the  pulley 
round  with  the  pulley  a,  and  the  machine  is 
then  in  gear.  The  oppasite  motion  of  the 
lever  withdraws  the  pm,  and  the  pulleys  are  free  U>  revolve  in  opposite  direc- 
tions, and  the  operation  of  the  machine  is  suspended. 

The  apparatus  above  described  is  supported  over  the  aide  of  the  vessel  by  a 
vertisal  standard,  which  supports  the  arm  A  in  a  horizontal  potilion  ;  and  the 
endless  topes  are  passed  round  the  pulleys,  as  described,  and  through  two 
riggers,  placed  one  at  each  end  of  the  canal.  If  power  he  applied  to  draw  the 
rope  by  any  method,  as  for  instance,  hy  means  of  a  steam  engine  applied  to 
turn  one  of  the  riggers,  the  vessel  to  which  the  apparatus  is  attached  will  be 
propelled,  with  a  velocity  which  will  be  to  that  of  the  rope,  as  it  passes  over  the 
rigger,  in  the  ratio  of  the  sum  of  the  diameter  of  the  pulleys,  to  their  difierence  ; 
thus  if  the  diameters  be  as  S  to  9,  the  velocity  will  be  as  17  to  1  ;  and  if  the 
ri^er  tum  with  a  speed  of  2  miles  per  hour,  the  boat  will  be  drawn  at  the 
rate  of  34  miles  per  hour. 

The  rope  must  he  supported  upon  rollers,  placed  along  the  banks  of  the 
canal,  in  order  that  it  may  run  light;  and  the  object  of  making  the  stem  of  the 
fork  d  lam  In  the  sockets  jr  ^ ,  is  to  allow  the  pulleys  a  and  b  to  stand  at  an 
angle,  hj  which  the  endless  rope  may  be  led  into  the  sheaves  when  the  carriage 
is  going  in  a  curved  direction. 
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SECTION  V. 

ON  THE  PREVENTION  OF  ACCIDENTS  FROM  EXPLOSION,  COIXI8IOK. 

FIRE,  FOUNDERING,  ftc 

Paramount  necessity  of  precautionary  regulatloos. — Goremmeiit  commlMJoa  tar  iaqjabimg 
thereon.— Eztraeu from  Commissionm*  Report  thereon. — Abetnet  of  Aoeidmts  on  bcaid  ninsty- 
two  Steam-boats.— Regulations  adopted  by  the  Dublin  Steam  Packet  CompaLny. — Orcrhaoliiv 
and  examinations  of  Vessels  and  Machinery.— Reports. — AlarmiiiclT  unsafe  conditkm  ct  the 
Boilers  of  many  Steam  vessels. — Primary  causes  of  Accidents. — ExploaiiDos.'->FlnM. — <^Htfipi« 
— Outlineof  proposed  legislative  regulations  forthe  pmnmtl^''"^ — """Vrirf  thr  roil  *  BjeTiili 
—Captain  Smith's  Paddle-box  boats.— Necessity  of  disengaging  amMuatus  for  Paddle  wliecb. 
—Murdoch's  patent  mode  of  efleeting.— Act  of  Parliament  for  RegnUtioii  <^ Steam  Kavigatioo. 

Whbn  it  is  considered  that  steam-vessels  are  prindpaUjr  employed  in  the  eoo- 
veyance  of  passengers,  and  that  from  the  extent  of  their  accommodations  the 
nwnber  of  persons  assembled  together  is  usually  very  greftt,  Irequentlj 
amounting  to  some  himdreds,  the  paramount  consideration  should  bo  to  guard 
against  accidents,  where  the  consequences  may  invoWe  the  most  appalling 
sacrifices  of  hiunan  life. 

With  the  rapid  extension  of  steam  navigation  it  was  to  be  expected  that 
accidents  would  become  more  frequent;  and,  in  1831,  a  committee  of  the 
House  of  Commons  was  appointed  to  inquire  into  the  subjeet,  with  a  view  to 
recommend  preventive  measures.  The  committee  examined  a  number  of 
witnesses,  and  presented  two  Reports ;  but  these  were  not  followed  up  by  any 
legislative  enactment ;  although  some  bye-laws  were  passed  by  the  Corporation 
of  London  for  regulatine  the  speed  of  vessels  in  that  part  of  the  Port  of 
London  called  the  Pool.  In  the  course  of  the  year  1838,  however,  in 
consequence  of  some  accidents  of  a  serious  nature,  especially  two  ezploaions 
which  occurred  on  board  of  one  vessel  within  a  short  interval  of  time,  and  by 
which,  we  believe,  in  the  whole,  sixteen  persons  lost  their  lives,  the  attention  of 
the  Government  was,  in  a  more  especial  manner,  called  to  the  subject.  They 
in  consequence  appointed  Captain  Pringle,  KB.  and  Joseph  Parkes,  C.E.  to 
undertake  an  inquiry  into  the  cause  of  such  accidents,  and  the  means  of 
preventing  the  recurrence  of  tliem;  in  order  to  lay  the  ground  of  some 
legislative  measure  for  the  security  of  the  public. 

The  chief  points  to  which  their  attention  was  directed  were — 

Ist.  The  number  and  nature  of  the  accidents  which  have  happened  in  steam 
vessels,  within  the  last  ten  years,  as  far  as  can  be  ascertained. 

2d.  The  practical  means  for  preventing  the  recurrence  of  accidents. 

In  order  to  obtain  this  information  they  were  directed  to  visit  the  principal 
ports,  to  confer  with  the  local  authorities  there,  the  owners  and  officers  of 
steam  vessels,  and  the  most  eminent  constructors  of  marine  engines.' 

In  compliance  with  these  instructions  the  commissioners  drew  up  a  series  of 
queries,  which  they  circulated  amon^t  parties  connected  with  steam  navigation; 
they  visited  the  ports  of  Liverpool,  Glasgow,  Greenock,  Leith,  Newcastle, 
Shields,  Sunderland,  and  Hull ;  and  personally  examined  various  steam-^gbssels, 
some  plying,  and  others  undergoing  repairs  in  their  machinery  and  bulls ;  aud 
received  much  valuable  information  from  correspondents  residing  at  places  which 
their  time  did  not  permit  them  to  visit.  The  substance  of  the  information  thus 
acquired  is  embodied  in  a  well-digested  report,  in  which  most  of  the  accidents 
are  fairly  traced  to  their  true  causes,  and  a  number  of  valuable  suggestions  are 
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made  for  the  prtvention  of  their  recarrence.  Fnim  Uiit  man  of  authentic 
infonnatioQ  ana  of  well-considered  opinions  we  propose  to  make  some  extracts 
in  elucidation  of  the  subject  of  the  present  section. 

From  the  information  obtained  the  commissioners  were  enaUed  to  draw  up  a 
schedule  of  the  accidents  which  have  happened  to  life  and  nroperty  on  board 
steam  vess^  within  the  perknl  of  the  ten  years  preceding  their  report  This 
schedule,  however,  is  to  be  considered  as  only  an  approximation  to  the  real 
number  of  accidents,  and  a  few  of  them  occurred  anterior  to  that' period,  but 
were  mentioned  by  one  or  more  of  their  correspondents. 

The  following  is  a  numerical  abstract  of  the  schedule. 


ABSTRACT  OF  NINBTTTWO  ACCIDENTS. 


VesMli. 


40 
28 
17 
12 

92 


Wrecked,  foundered,  or  in  imminent  peril  .    .    .    . 

Explosions  of  boilers 

Firae  from  various  causes 

Colliaions 

Computed  number  of  persons  lost  on  board  the  Erin, 
Frolic,  and  Superb • .    . 

From  Watermen's  and  Coroners'  lists,  in  the  Thames, 
exclusive  of  the  above,  during  the  last  three  years 

From  a  list  obtained  in  Scotland,  exdusive  of  the 
above,  being  accidents  in  the  Clyde,  during  the 
last  ten  years 


Ascertained 
Number  of 
Lives  lost. 


808 

77 

2 

66 


120 
40 

21 
684 


The  greatest  ascertained  number  of  lives  lost  at  any 

one  time,  occurred  by  the  '(rreck  of  the  Rothsay 

Castle,  when 119  persons  perished. 

The  greatest  number,  at  any  one  time,  from  collision .  62 
The  greatest  number,  at  any  one  time,  from  explosion  24 
The  greatest  number,  at  any  one  time,  from  fire     .    .      2 


tt 


ft 


The  following  information  and  suggestion  were  derived  from  the  evidence  of 
Mr.  J.  C  Shaw,  engineer  and  marina  manager  to  the  City  of  Dubliu  Steam 
Packet  Company,  Liverpool :  — 

No  accidents  have  ever  occurred  in  any  of  the  Company's  vessels  from 
explosion,  or  rending  of  boilers.  They  construct  and  repair  ueir  own  boilers, 
and  prefer  the  cylindrical  shape,  with  the  internal  flues  of  similar  form.  The 
boilers  are  all  separate,  each  containing  its  own  water,  and  the  steam-pipes  have 
separate  valves  to  shut  off  the  communication  with  the  other  boilers.  The 
advantage  of  this  plan  is  forcibly  evinced  in  the  case  of  the  collision  between 
the  Thtmui  and  tne  5'Aafiiiofi.  lite  Thames  mutt  hove  gone  down  had  the 
water  in  the  ^Jferent  boUere  not  been  tUttinet. 

The  engines  and  boilers  of  steamers  are  certainlv  not  overhauled  and  repaired  so 
frequently  as  they  should  be.  Experience  has  shown  to  the  Company  the  value 
of  a  frequent  and  minute  tvstem  of  overhauling  and  repairing.  The  arrival  of 
any  one  of  their  vessels  is  mstantly  notified  at  the  office,  both  at  Liverpool  and 
Dublin;  the  foreman  of  the  boiler  makers,  and  the  master  engineer,  immediately 
go  on  board,  and  are  required  within  two  hours  to  make  a  report  in  writing  of 
the  actua^iitate  of  the  engines,  boilers,  and  all  their  apparatus,  by  filling  up 
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printed  forms  orepued  for  each.  The  hnll  is  inqieeted  hj  a  ihipwriglit.  Eaeh 
▼eisel  is  placed  on  the  gridiron  at  least  once  in  erery  three  months,  mcrelj  to 
sight  her  bottom.  The  head  fireman,  having  extra  wages,  it  fined  in  tiie 
event  of  his  not  pointing  oat  even  if  a  rivet-bead  has  sprang^  or  any  other 
defect  in  hb  boiler  durine  his  last  voyage. 

The  safety-valves  in  aU  their  vessels  are  so  arranged  diat  the  engineer  can 
raise  them  to  ease  his  boiler,  but  cannot  load  them  beyond  the  aangned  preasore; 
eight  pounds  per  square  inch  is  the  highest  pressure  emplojred  in  their  new 
cylindrical  boilers.  Vacuum  valves,  glass  water-gsuges,  and  a  mercnrial  pressure 
gauge,  fitted  to  all  the  boilers.  The  blowing-on  and  feed-cocks  are  of  brass. 
In  making  new  engines,  they  are  also  subject  to  a  written  detailed  specification. 

The  Company's  vessels  are  all  constructed  to  a  ^ledfication  settled  with 
Messrs.  W.  &  J.  Wilson,  their  builders;  they  are  all  modi  more  substantial 
than  the  scantling  required  by  Lloyd's  Rules;  they  now  build  no  vessels 
without  iron  water-tight  bulk-heads.  In  the  event  of  purchasing  hulls  built  in 
other  ports,  they  have  them  all  in  the  graving-dock  to  be  minutely  examined, 
and  such  additional  fastenings  are  add^  as  are  required  to  bring  them  up  to 
their  standard  of  strength. 

The  combustion  of  the  coals  has  not  nnfirequently  arisen  in  steamers  firom 
carelessness  in  dropping  tow  or  waste  among  them,  and  leaving  them  there ; 
and  also  firom  spontaneous  i^ition.  The  Company's  boilers  do  not  touch  the 
skin  of  the  vessel  by  many  mches.  The  skin,  or  inside  planking,  ia  lined  with 
sheet  lead  throufhout  the  wake,  or  vicinity  of  the  boilers;  and  the  lead  is 
covered  over  with  thin  sheet-iron.  The  addition  of  the  lead  is  a  most  important 
feature,  as  it  prevents  charring.  The  boilers  are  all  covered  with  dry  hair-felt,  and 
between  them  and  the  deck  is  a  wrought-iron  ceiling,  resting  on  cast-iron 
beams.  The  coals  are  stowed  in  the  space  between  tne  iron  ceiling  and  the 
deck,  with  as  much  safety  as  in  the  iron  coal-boxes.  On  the  arrival  of  every 
vessel,  a  gane  of  coal-trimmers  enter  her  and  sweep  down  every  atom  of  coil 
into  the  bunkers,  for  which  we  pay  5s.  each  trip,  on  the  production  of  a 
certificate  from  the  commander,  that  the  work  is  done.  By  taking  the  duty  off 
those  on  board,  attention  is  secured  to  this  important  work ;  thus  the  old  and 
often  powdered  coal  gets  burnt  up  first,  and  any  defect  in  the  ceiling-plates 
is  at  the  same  time  discovered  and  remedied.  A  great  saving  of  heat  results 
from  this  complete  covering,  and  the  boiler  tops  are  saved  firom  the  corrosion 
which  used  to  take  place  when  wet  coals  were  stored  upon  them,  or  firom  rain 
or  spray  affecting  them. 

Boilers  after  being  in  use  four  years  should  be  surveyed  very  frequently. 
After  five  years  running,  the  boilers,  timbers  in  their  wake,  deck-beams 
and  ceilings,  all  require  looking  to,  lest  they  might  be  iiyured;  the  middle  of 
the  vessel,  which  should  be  the  strongest,  becomes  the  weakest,  after  so  long  a 
period  of  working,  in  consequence  of  the  skin  being  charred  from  constant 
heat  No  steamer  should  have  a  license  to  ply  which  was  not  furnished  with 
at  least  one  valve  inaccessible  to  the  engineer  or  passengers,  with  a  glass  water- 
gauffe  to  each  boiler,  and  a  mercurial  pressure  gauge,  and  always  in  order.  The 
machinery  should  be  inspected  and  certified  by  a  competent,  disinterested 
engineer,  unconnected  with  any  marine  engine  manufactory. 

COPIES  OP    ORIGINAL  REPORTS. 


City  of  Dublin  Steam  W'-  Works,  North  WaiL 

Mr.  J.  C,  Shaw.  DuUin,  22  Jata- 1839. 

A  Report  qf  the  state  of  the  '*  RoytU  Adelaide^*  BoiUrs,  this  day, 
on  Iter  arrival  from  Belfast. 

And  find  them  in  good  order. 

J.  Marr.  James  PoweU,  Foreman, 
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City  of  Dublin  Steam  Cif»-  Works,  North  Wall, 
Mr  J.  a  Shaw,  DMin,  22»<i  jata- 1839. 

A  Report  of  the  Mate  of  the"  Royal  Adelaide**  Engines,  this  day, 
oh  her  arrival  from  Belfast, 

And  find  them  in  working  condition. 

J,  Marr.  A,  Clegg,  Foreman, 


City  of  DMin  Steam  Cf*-  Works,  North  Wall. 
Mr.  J.  C.  Shaw,  DuUin,  24<A  Jan9  1889. 

A  Report  cf  the  state  qf  the"  Duke  of  Cambridge  **  Engines,  this 
day,  on  her  arrivoifrom  London. 

Two  furnaces  want  repairing,  and  eoal^mnhers  wiU  not  do,  which 
wHl  take  atiout  two  days. 

J.  Marr,  James  Powell,  Foreman. 


City  qf  Dublin  Steam  Cif*-  Works,  Clarence  Dock. 

Liverpool,  25<*  JanM- 1889. 

A  Report  of  the  state  of  the  "  Queen  Victoria"  Hull,  this  day,  on 
her  arrival  from  Dublin. 

In  want  qf  a  new  piece  of  rubber  on  the  larboard  side. 

To  Mr.  J.  C.  Shaw.  Jas.  M'Ardle,  Foreman. 


The  report  states  "  that  boilers  are  very  frequently  continued  in  use  till  they 
become  dangerously  thin ;  and  that  they  are  frequently  deficient  in  safety  appa- 
ratus is  a  fi^t,  not  only  evidenced  by  the  Table  of  Explosions,  and  instances 
given,  but  attested  by  a  large  majority  of  our  correspondents.  We  were 
shown  several  in  the  yards  of  ennne  and  boiler-makers,  which  (to  use  their 
own  expression)  'might  be  walked  through;'  indeed,  the  hand  might  be 
pushed  through  some  boilers  which  we  examined,  but  recently  taken  out  of 
steam  boats.  Mr.  Shaw  states,  *  that  the  boilers  of  the  Fingal,  in  1 835,  were 
3o  weak  that  they  had  to  be  shored  between  the  decks  and  Uie  tops  of  them, 
which  expanded  and  contracted  like  a  pair  of  bellows.'  Captain  Bain  writes 
that  '  he  has  frequently  had  occasion,  sometimes  under  very  trying  circum- 
stances, to  stop  rents  in  boilers  by  temporary  expedients  ;  that  he  has  witnessed 
it  in  other  vessels,  and  has  seen  boilers  worked  till  they  were  as  thin  as  paper.' 

"  Some  boilers,  in  actual  use,  are  only  kept  tight  by  the  deposit  of  mud, 
concretions  of  salt  and  sand,  ftc.  between  the  flues ;  these  obstructions  to  the 
passage  of  heat  are  not  removed,  as  the  metal  of  the  boilers  would  five  way, 
and  3iey  must  then,  necessarily,  undergo  repair,  which  is  delayed  till  they 
will  no  longer  hold  together,  or  till  ruptures  occur,  and  have  produced  mischief. 

"  The  explosion  of  deteriorated  boilers  is  not  the  greatest  oanger  to  be  appre- 
hended from  steamers  so  ill  provided.  Under  the  head  of  wrecks  and  founder- 
ings,  the  calamitous  consequences  of  boilers  failing  at  sea  are  still  more  fearfully 
exemplified. 

'*  Great  additional  safety  is  obtained  by  employing  several  boilers,  distinct 
from  each  other,  rather  than  one  only,  or  two  boUers  connected  together; 
many  dangers  are  avoided  by  this  method.  Independently  of  the  obvious 
security  arising  from  the  means  thus  afforded  of  shutting  off  a  disabled  boiler. 
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■nd  ercn  of  KpMring  it,  irhOK  tbe  motioti  of  tha  mgliMi  ii  continiwd  by  lb* 
otben,  (hit  arruigemaiit  poueMBi  muij  odm  advantaga^  and  cannot  be  bb 
ttttKielj  MMiiunuDdMl  for  general  adnrtioo. 

"  &T«nl  wiecki  have  been  lefenM  to  by  onr  coRe^andDta^  which  mi^hl 
have  been  averted,  had  the  paddlo-wbeeb  been  fimuthed  with  Armgagtag 
apparalui,  which  u  efieeted  too  ilowly  and  clmndlj  bj  remonng  tbe  flrati, — 
an  operfttion  alao  dlfficolt  of  accompliahnient  in  tempcatuooa  weauier." 

lie  primary  cauiei  of  nearly  all  tbe  acddenla  which  oecnr  to  life  and 
property  on  brard  iteam-reMele,  may  be  eUMed  u  fUlowi : — 

Of  Wrtda,  Fnatdarhtg,  or  mmwwhI  pen!  o/'  Os  jsk*. 

Cmaa. — DefectiTeaeM  of  huD,  boilen  and  engine^  eafaira  and  anchor^ 
craokneu. 

Of  ExpledoM. 

Cmati. — Ignorance,  carelenneM,  reekleitnen,  and  druukenneea  td  engine- 
meo.  Bad  conitracdon  or  intuffldeticv  of  taftty-TalTea.  Inattentim  to,  or 
want  of,  proper  apparatiu  to  denote  tbe  level  of  water  and  prcMUte  of  Maam  in 
boilen.  Malformation  of  boilen  to  nntain  pieMiuu.  Working  old  bailera  tuo 
longi  ond  at  too  great  preMure.  Bad  materiali,  and  bad  worfctnanahip  of 
boibn. 

Of  Fira. 

Caiue*. — CareleuDcn,  and  want  of  cleanliaeia.  Bad  eonitraction  of  ooal 
receptaclet.  Stowing  coals  on  the  boilen,  and  againit  the  uodefended  ndei  of 
the  Tcnel.  Placing  ooilen  too  near  the  decki  and  nAta  of  tbe  vetad.  Oe- 
feetive  itate  of  the  bralers.     Want  of  firc'Sitinguiihing  apparatiu. 

Of  CoKnom. 

Cmua. — Want  of  an  iinirenal  code  of  night  lignd*.  Want  ef  a  defined 
and  compuliory  "mle  of  the  toad."  Radog.  Carelennen,  or  neglect  of 
look-ouL 

On  this  head  the  ComminioTien  observe : — "  Colltuoni  between  steam-Teueli, 
and  between  them  and  other  entt,  occur  eo  frequently  in  crowded  waters, — 
they  are  ollen  *o  fatal  to  life,  and  >o  generally  attended  with  litigation  and  es- 
peaee  in  repairing  damage,  that  tbe  want  of  a  la«  to  ditniniih  the  evil  it  the 
eutgect  of  complaint  by  netfrly  all  om*  eorreipondents.  Colliaione  occur  both 
by  day  and  by  night,  at  sea  ai  well  at  in  rirers.  They  commonly  aifae  from 
the  absence  of  a  UQirerial  undentanding  as  to  '  the  ime  of  the  road'  to  be 
observed  by  vessels  in  meeting  and  paning  each  other,  and  from  tbe  abeence 
of  a  universal  system  ot  night-hghU,  or  signals." 

Mr.  Shaw  introduced  a  system  of  nighl-iienalB  in  that  Corapau^'i  vetaels  in 
1834,  which  has  since  been  adopted  byher  Majesty's  packets  at  Liverpool,  and 
in  other  steamers.  This  system  consists  of  one  while  light  at  the  &r«mast , 
head,  one  while  light  on  the  ilarboard  paddle-bo(,  and  one  red  light  on  the 
larboard  paddle-box.  These  are  all  resplendent  and  powerful  lights.  The 
mast-head  light  is  transmitted  through  a  large  solid  glan  lent,  *o  abaped  and 
disposed  that  the  Jighl  ceases  to  be  visible  abaft  (he  beam.  The  inalgUMj  cot 
represents  a  horiiontal  section  of  this  light;  a  being  the 
light,  and  b  the  solid  lent.  The  atarboard  [wddte-box  light 
is  also  transmitted  (lirough  a  soUd  glass  tens;  the  tarboaid 
light  through  a  hollow  glass  lens,  containing  a  red  mineral 
solution.  These  are  placed  in  houses  attached  to  the  paddle 
boxes,  and  the  rays  are  projected  at  an  angle  of  about  35 
degrees  with  the  keel,  so  as  not  to  daiile  the  look-ont  men 
on  the  forecastle.  They  are  visible  at  great  distances.  A 
diagram  of  the  system  is  given  in  the  cut  on  the  next  page, 
in  which  a  is  thestarboard  light  (bright),  i  the  larboard  light 
(colouredX  and  c  the  mast-head  light 

To  secDre  the  adoption  of  what  may  from  time  to  tine 
be  proved  as  the  raoit  eligible  methods  of  building  and  fastening 
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▼eswl,  the  firrt  cawntial  i»,  ihat  n  written  detaUed  tpeeifUaium  be  prepared  as 
the  baaia  of  every  contract,  in  which  the  dimendona,  pnnciple  of  conatniction, 
modes,  extent,  and  fixe  of  the  aereral  fiistenings  be  stated.    The  specification 


I 

JL 


should  also  be  accompanied  by  working  drawings  of  the  mode  in  which  such 
parts  are  to  be  executed  as  cannot  be  given  by  mere  description. 

Outline  of  proposed  Legidaiive  ReguUuiont   prepared  by  the    Commit' 

tionert : — 

1 .  That  a  Board  be  appointed  in  connexion  with,  and  under  the  president 
of  the  Board  of  Trade,  whose  business  it  shall  be  to  register  and  classify  all 
vessels  navigated  by  steam,  built  or  building :  the  register  to  record  detailed 
specifications  of  hull  and  machinery,  periodical  surveys  to  be  made  upon  them, 
and  particulars  of  all  disasters  and  accidents  which  happen  to,  or  may  be  occa- 
sioned by  steam  vessels. 

That  the  Board  be  authorized  to  appoint  local  or  district  surveyors  to  inspect 
and  report  upon  the  condition  of  steamers ;  that,  on  such  report  being  satis- 
foctory,  the  Board  shall  grant  licenses  to  the  owners  of  steam  vessels  to 
ply ;  that,  if  unsatufactory,  they  shall  withhold  such  license,  as  far  as  relates 
to  the  conveyance  of  passengers.     Penalty  for  plying  without  license. 

That  the  Board  be  empowered  to  investi^te  personally,  or  otherwise,  the 
nature  and  causes  of  accidents,  to  examine  witnesses  on  oath,  and  call  for  the 
production  of  papers. 

That  the  Board  be  required  to  make  an  annual  report  to  parliament  of  its 
proceedings,  of  the  state  and  progress  of  the  mercantile  steam  marine,  and  of 
the  disasters  which  may  have  been  sustained.  That  the  records  be  public  on 
thepayment  of  a  reasonable  fee. 

That  the  Board  be  empowered  to  firame  and  issue  general  instructions  for 
the  guidance  of  the  local  or  district  surveyors ;  also  to  publish  an  abstract  of 
the  law  and  regulations,  with  authority  to  require  such  abstract  to  be  placed  in 
a  conspicuous  part  of  the  vessel ;  under  penalties  on  neglect. 
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2.  That  the  nmreyon  of  hull  and  machinerv  be  paid  for  their  tunreya  by 
the  owners  of  the  veweb  according  to  a  fixed  toue^  as  is  the  prmctice  fat 
Lloyd's  Register:.,  that  they  shall  forward  their  reports  to  the  Boaid, 
which,  in  the  event  of  the  owner  or  owners  objecting  to  the  repairs  required 
in  order  to  entitle  the  vessel  to  a  passenger  license,  shall  (if  the  objection 
regard  the  hull)  call  in  one  or  two  of  the  prmdpal  ship-builders  of  the  port  or 
district,  unconnected  with  the  work  of  such  repairs,  to  survey  the  vessel,  in 
conjunction  with  the  official  surveyors,  and  report  especially  thereoo. 

Should  the  decision  of  the  Board  be  objected  to,  on  the  report  of  the  sur- 
veyor (if  the  objection  regard  the  machinery),  it  shall  call  in  the  aid  of  one 
or  more  engineers  to  report  in  conjunction  with  such  official  sorveyor. 

Special  surveys  to  be  paid  for  by  the  owner,  or  owners,  of  the  vessel,  aoootd- 
to  a  fixed  scale. 

The  first  survev  of  the  hull  of  a  new  vessel  to  be  made  during  its  eonstmc- 
tion,  and  a  specification  of  it  transmitted  to  the  Board,  as  is  now  done  by  the 
surveyors  of  Lloyd's  to  the  committee. 

A  survey  of  the  hull  to  be  made  during  each  of  the  two  first  yean, 
and  a  survey  every  six  months  subsequently.  All  steamers  to  be  docked, 
benched,  or  Uid  on  the  gridiron  (as  drcumstances  permit),  and  surveyed,  after 
sustaining  any  injury  by  taking  the  ground,  or  otherwise,  under  penalty. 

The  fint  survey  of  the  boilers,  engines,  and  machinery,  to  be  made  whilst 
they  are  being  fixed  in  the  vessel,  and  the  requisite  details  of  them  to  be  re- 
poiied  to  the  Board. 

Boilers,  engines,  and  machinery,  to  be  surveyed  eveiy  six  months  after  the 
first  year,  and  all  serious  accidents  to  be  reported. 

The  surveyors  to  report  on  the  fitness  of  a  vessel,  whether  as  a  sett-going 
or  river-steamer. 

3.  License  to  express  whether  it  be  granted  for  caigo  only,  for  towing 
vessels,  for  the  conveyance  of  passengers,  or  for  these  purposes  combined; 
also,  whether  the  vessel  be  intended  to  ply  as  a  river  or  sea-going  steamer. 

License  to  ply  with  passengers  to  oe  granted  or  withbcud  as  aforesaid;  a 
duplicate  of  which,  or  certificate  to  the  same  effect,  signed  by  the  Board,  to  be 
exnibited  in  the  cabin,  or  other  conspicuous  part  of  the  vessd.  All  public  ad- 
vertisements of  steamers  to  state  whether  licensed  to  carry  passengers  or  not. 

An  annual  charge  for  each  license  to  be  made  on  all  steam-vessels,  varying 
according  to  a  scale  of  size  and  capacity ;  such  charge  to  be  in  no  ease  less 
than  £1,  nor  exceeding  £5. 

4.  That  the  surveyor  shall  ascertain  that  the  safety-valves  be  sufiScient 
to  pass  all  the  steam  which  the  boilers  can  generate  in  their  ordinary  state  of 
work,  at  the  pressure  determiDed  by  the  weight  on  the  valves ;  the  maximum 
of  which  pressure  shall  be  fixed  by  the  maker  of  the  engines  or  boilers,  and 
the  valves  be  loaded  accordingly. 

5.  That,  after  an  assigned  period,  no  passenger  license  be  granted  to  any 
vessel  having  safety-valves  whose  spindles,  or  levers,  are  exposed  on  deck,  or 
capable  of  being  loaded  externally,  unless  satisfactorily  protected.  Penalty 
on  engineers,  masters,  or  others,  for  loading  valves  beyond  the  weight  ascer- 
tained by  the  surveyor,  and  regulated  as  above. 

6.  That  in  all  new  steamers,  and  after  an  assigned  period  in  all  steamers 
now  afloat,  glass  water-guages,  and  mercurial  pressure  gauges,  shall  be  required 
to  be  fitted  to  the  boilers,  to  entitle  the  vessels  to  a  license  to  ply  with  pas- 
sengers. 

No  perfect  mechanical  substitute  can  be  found  for  care  in  the  management 
of  the  steam-engine  at  sea  or  on  land  ;  nor  do  we  think  that  the  use  of  the 
fusible  discs,  enforced  by  the  French  laws,  would  be  productive  of  additional 
security ;  nor,  indeed,  that  any  complexity  of  apparatus  attached  to  boilers 
would  contribute  to  the  attainment  of  that  object 

Apparatus,  however,  for  indicating  the  level  of  water  and  pressure  of  steam 
in  boilers,  is  essential  to  their  safe  and  economical  management,  and  is  of  far 
greater  import  to  the  boilers  of  marine  than  of  land  engines ;  accidents  to  the 
former,  or  failure  in  their  supply  of  steam,  being  attended  with  peculiar 
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dangen  and  disasten  at  tea,  from  which  land  boilen  are  exempt  Yet  it  is  a 
fact,  accomited  for,  perhaps,  by  the  drcwnstance  of  steam-yesseu  being  owned 
and  managed,  generally,  by  persons  unacquainted  with  the  nature  of  the 
steam  engine,  that  these  simple  instruments  are  much  more  rarely  to  be  found 
attached  to  marine  than  to  land  boilers,  which  latter  are  usually  under  che 
direction  of  parties  of  mechanical  education  or  knowledge. 

7.  That,  m  the  event  of  the  surveyor  having  information  that  any  boiler 
be  deteriorated  in  strength,  or  unsafe  at  its  workine  pressure,  in  the  mterval 
of  his  periodical  surveys,  he  shall  be  empowered  hy  the  Board,  on  hia  repre- 
sentation, to  examine  it ;  and  in  the  event  of  the  boiler  proving  faulty,  the 
Board  shiill  suspend  the  passenger  license,  until  satisfied  of  the  safety  of  such 
boiler. 

8.  That  no  steam  vessel  be  permitted  to  ply  which  is  not  furnished 
with  a  binnacle  and  compass  in  good  order. 

9»  That,  after  an  assigned  period,  no  sea-going  steam  vessel,  which 
carries  coab  on  the  tops  or  about  the  sides  of  the  bouers,  shall  be  entitled  to 
a  passenger  license ;  unless  the  boilers  be  protected  by  a  shell  of  metal,  or 
other  sufficient  security. 

10.  All  river  steamers  to  carry  one  effective  boat,  coasting  and  channel 
steamers  two  or  three  boats,  according  to  their  size,  and  ocean  steam-ships 
four  boats,  as  a  minimum. 

The  surveyors  to  ascertain  that  these  boats  be  kept  in  serviceable  condition, 
and  ready  for  use  on  emergency. 

11.  All  steamers  to  be  provided  with  sufficient  hoses,  to  convey  water  to 
any  part  of  the  vessel,  with  a  serviceable  outfit  of  water-buckets ;  and  a 
moveable  fire-engine  to  be  carried  in  all  coasting,  channel,  and  ocean-going 
steamers. 

The  proposed  system  of  registration  should  include  a  classification  of 
steamers ;  and  as  the  character  to  which  each  vessel  would  be  entitled  in  its  class 
would  depend  on  its  general  state  of  efficiency,  we  are  disposed  to  think  that 
many  other  important  requisites  for  attaining  the  utmost  practicable  degree  of 
security,  would  gradually  be  adopted  by  owners  without  compulsion ;  such  as 
water-tight  bulk-heads  in  new  vessels ;  powerful  extinguishing  pumps,  worked 
by  the  engines ;  connexion  of  the  condensers  with  the  bilge-water ;  disen- 
gaging apparatus  for  the  paddle-wheels;  heavier  and  more  effective  ground 
tadiling,  frc  The  publication  of  accidents,  and  of  their  causes,  would  also 
warn  steam  vessel  owners,  commanders,  and  engineers,  and  instruct  them  how 
to  euard  aeainst  disasters. 

in  frammg  these  recommendations,  our  object  has  been  to  suggest  practical 
means  for  further  securing  public  ssiety,  without  inffictine  vexatious  rules  on 
steam  vessel  owners ;  we  believe  that  their  adoption  would  tend  materially  to 
promote,  and  in  no  respect  to  cripple,  the  progress  of  navigation  by  steam. 
We  are  confirmed  in  tnese  views  bv  finding  them  so  much  in  accordance  with 
the  majority  of  opinions  expressed  in  the  appendix :  and  they  correspond  with 
several  of  the  regulations  enacted  by  foreign  states.  They  are,  however,  much 
less  stringent  in  their  nature  than  those  proposed  by  many  of  our  corre- 
spondents ;  and  we  consider  them  much  less  onerous,  and  more  suitable  to  the 
character  of  the  British  steam-marine,  than  the  laws  of  other  countries. 

In  order  to  diminish  the  frequency  and  danger  of  collisions,  and  being  con- 
vinced of  the  necessity  for  establishing  a  definite  *'ru]e  of  the  road,  "and  a  uniform 
system  of  signals,  for  the  government  of  steam  vessels,  we  should  have  intro- 
duced into  the  foregoing  outiine  distinct  provisions  on  the  subject,  had  it  not 
been  that  a  measure  of  this  kind  has  been  advised  in  the  report  of  the  "  Com- 
missioners appointed  to  inquire  into  the  laws  and  regulations  relating  to  the 
pilotage  of  the  United  Kingdom,"  (p.  161,)  to  be  incorporated  in  a  new  Pilot 
Act.  Referring,  however,  to  the  tenor  of  our  instructions  as  to  "  the  nature 
of  the  accidents  in  steam  vessels,"  and  to  "  the  means  of  preventing  them," 
and  on  a  review  of  the  valuable  information  supplied  to  us  on  this  head,  we 
cannot  avoid  recommending  the  adoption  of  a  system  which  has  for  so  many 
years  been   found  practic^y  efficient— against  which  no  objections  have 
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hitherto  been  oiged — and  which  hai  met  the  coDenmnee  ot  ao 
body  of  steam-navigaton.    The  system  we  advise  is— 

1.  As  to  the  <*nile  of  the  road,*'  that  steam-Teasels  mpfiromMmg  and 
passing  each  other,  should  starboard  their  hdms,  with  the  view  of  Wiping  en 
the  starboard  side  of  each  other  respectively  as  far  as  praetiealile. 

2.  As  to  night  signals,— the  want  of  an  nniform  and  sufficient  ayaigm  of 
lights  has  been  so  fruitful  a  sonrce  of  collision  and  injury,  we  recoaunend  a 
system  similar  to  that  now  practised  by  a  numerous  class  of  commanders  of 
private  steamers  (described  p.  48),  and  which  has  been  sobstantively  approved 
of  and  adopted  by  the  commanders  of  her  M^esty's  steam-packeta  at  Liver^ 
pool :  via.,  that  in  all  searffoing  steam  vessels,  there  be  '^  a  wkUe  light  at  die 
foremast  head,  visible  in  clear  weather  from  eieht  to  ten  miles ;  a  wAiU  light 
attached  to  the  fore  part  of  the  ttarboard  pad^e-boi,  which  can  be  aeen  six 
miles  iu  clear  weather ;  and  a  third  light,  which  u  rtd^  attached  to  the  fiire 
part  of  the  larboard  paddle-box,  visible  about  three  miles.  The  three  lights 
can  only  be  seen  at  one  and  the  same  time  when  right  a-head»  or  nearly  so ; 
in  any  other  position,  before  the  beam,  two  only  are  visible,  and  their  coloura 
define  the  position  of  the  vessel." 

3.  That  the  obligation  to  carry  some  powerful  steam-whistle,  beU,  or  gong, 
be  part  of  the  proposed  law  as  regards  steam  vessels ;  also,  that  their  rate 
through  the  water  be  defined,  during  tog  and  thick  weather,  in  crowded  watcia, 
whether  plying  by  day  or  night 

It  is  also  obvious  that  some  regulations  are  essential  to  determine  the  natnrc- 
and  enforce  the  carrying  of  lights  in  river-steamers,  sailing-veaaelay  and  veaaels 
at  anchor. 

Owin^  to  the  number  of  passengers  frequently  embarked  on  hoard  of  ateam- 
vessels,  it  becomes  difficult  to  provide  the  means  of  safeW  for  all  in  the  event  of 
an  accident  which  may  render  it  necessary  to  abandon  the  vesseL  A  plan  has 
recently  been  proposed  by  Captain  George  Smith,  R.N.,  which  goea  far  to 
meet  this  difficulty,  and  is  calculated  to  be  of  essential  service  on  such  trying 
occasions.  We  extract  the  foUowiii^  account  of  this  invention  from  Captain 
Smith's  letter  to  Messrs.  Prinele  and  Parkes. 

"  It  is  universally  admitted,  that  steam  vessels  are  very  deficient  in  boats ; 
so  much  so,  that,  when  a  steam  vessel  is  lost,  if  the  lives  of  the  paaaengera  and 
crew  be  not  sacrificed,  it  may  be  considered  an  especial  interposition  of  Pro- 
vidence. 

'*  This  deficiency,  and  the  difficulty  in  steam  vessels  of  carrying  boata  on 
deck,  and  in  getting  them  in  or  out,  have  led  me  to  turn  mv  attention  to  the 
subject;  the  result  has  been  the  invention  described  in  tne  accompanjdng 
drawing,  which  invention  my  Lords  Commissioners  of  the  Admiralty  have  been 
pleased  to  try  on  board  her  Majesty's  steam  vessel   Correii,  (a  veaael   of 


Fig,  1 


between  200  and  300  tons  burden.)    The  upper  section  of  her  pa^e-wheel 
is  covered  by  a  life-boat  (see  Fig,  1.)  twenty-five  feet  long  and  nine  feet  beam, 
havinif  four  air-tight  cases,  which  may  he  removed  if  required  on  particular 
This  life-boat  is  capable  of  containing  between  forty  and  fifty 


having 
occasions. 
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pertoii*.     When  in  her  place  over  th«  paddle-wheel,  the  tnidihip  thwarta  are 
unihipped,  which  admit*  of  the  wheel  reiolTing  within  about  aix  inche*  of  her 

"  The  boat  lie*  bottom  upwards  on  two  irondavili,  having  hinge*,  which  enable 
her  to  b«  turned  over  and  lowered  down  by  lix  men  in  two  or  three  minute*. 
A  boat  ot'  Minilar  capacity  could  not  be  got  out,  if  atowed  in  the  uiual  poiitian 


OQ  deck,  under  twenty  minute*  by  the  whole  crew,  and  in  caie  of  fire,  probably 


ihowing  the  b 


not  at  all." 

Fig.  2  i«  a  traiiarena  aection  of  the  veiael, 
turned  over,  and  ready  to  be  lowered  dovn. 

"  It  i)  propoied,  that  ileam-veueli  abould  hare  one  large  boat  oier  each 
paddle-wheel;  in  the  moat  powerful  veiseb  they  may  be  thirty  feet  in  length, 
with  above  nine  feet  beam. 

"  VeHela  fitted  with  boats  on  tbii  plan  present  leu  retSatance  to  the  wind 
and  almoiphere  in  tailing  and  iteamine,  and  their  appearance  is  conaiderably 
improved.  The  upper  float-boards  ean  be  got  at  with  ease  when  requiaite,  bjr 
raiaing  the  boat  a  little  on  her  davit*.  If  thought  requisite  ta  add  to  the 
number  of  boats,  the  cabiui  before  and  aWt  the  paddle-wheela  may  be  roofed 
in  by  amoUer  boat*."     (As  shown  in  Fig.  1.) 

It  is,  on  many  accounts,  extremely  desirable  that  ateamera  ahould  be  fur- 
nished with  the  mean*  of  instantaneously  disconnecting  the  paddle-wheels  from 
the  engine*,  *a  as  to  leave  each  free  to  revolve  independently  of  the  other; 
and  many  instances  might  be  cited,  wherein  vessel*  have  been  loat  fur  want  of 
this  provision.  Thus,  m  the  melancholy  case  of  the  Forfarthire,  the  vessel,  in 
a  heavy  eale  of  wind,  with  her  engine*  broken  down,  was  suddenly  discovered 
to  be  within  a  short  distance  of  rocks  ;  sail  was  instantly  set,  and  an  attempt 
was  made  to  wear  her,  hut,  owing  to  the  resistance  of  the  paddle-wheels,  which 
were  atill  connected  to  the  engines,  she  could  not  be  farced  through  the  water 
in  time,  but  drove  on  shore,  and  was  totally  wrecked,  with  a  ]«*  of  nearly 
fifty  lives.  Again,  the  Dm  Juan,  in  fine  weather,  struck  on  a  rock,  and 
■prang  a  serious  leak,  but  which  might  have  been  got  under  by  the  pump* 
fitted  to  the  engines,  but  the  inner  wheel  being  fixed  on  the  rock,  the  euginaa 
could  not  «at^  and  the  vnsel  waa  lost. 

Many  plans  have  recently  been  brought  forward  for  supplying  the  detide- 
ratuoi.  The  following  cut  represent*  one,  for  which  Hr.  Murdoch  obtained  * 
patent  in  IS39.     It  inllbeseen  that  it  admit*  of  great  solidity  of  con*lruction, 
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cut   be   Tcadilj  adapted   to   engincB  of  tfefy   form,   and  lliat  its  action  ii 
ioiiantaneoua. 

To  tlie  paddle  ihaft  a  u  atttcbed,  in  lien  of  the  ordinal;  p:atik,  a  cjlindrical 
drum  b,  having  a  gap  or  notch  in  iti  eiroumrerenca  into  wtieh  a  pall  or  dng- 


Unk  e,  tuapended  from  the  end  of  the  rmnk  pin  li,  faili,  and  thii  fomia  a  con- 
nexion between  the  crank  and  the  drum,  to  thai  the  paddle  ihaft  a  and  the 
engine  ahall  t  revolTe  together.  When  it  i>  required  to  diaeonnect  them,  the 
cam/,  which  ialooie  upon  the  boss  of  the  dram,  is  turned  hj  means  of  the  worm 
g  and  worm-wheel  h,  and,  prenins  against  the  under  side  of  the  stud  s,  whidi 
projecta  from  the  aide  of  the  drag-link,  it  gradually  releaaes  the  latter  from  the 
notch  in  the  drum,  and  a  portion  of  the  cam  being  concentric  with  the  drum, 
nnd  of  the  same  diameter,  covers  the  apertitre  and  prevents  the  link  from 
fulling  into  it  during  ihe  revoluttona  of  either  shall.  •  i  is  a  ipring  to  counteract 
Ihe  centrifugal  force  of  the  link,  end  cause  it  to  fall  into  the  notch  when  deaired 
in  any  position  of  the  drum;  and  nis  a  hnrn  pmjeeiing  from  the  cam,  which 
presses  upon  the  stud  >,  and  retains  the  link  firmly  in  the  notch. 

Since  the  foregoing  part  of  tliis  treatise  has  been  in  the  press,  tlie  recom- 
mendations contained  tn  the  report  of  the  eommissionera  have  been  partially 
adopted  ;  an  Act  of  Parliament  having  been  pawed  for  the  regulation  of  (team- 
vessel),  of  which  the  following  are  the  principal  provisions; — 

1.  All  ateam-veasels  built  of  iron  of  100  torn  burthen  or  upwards,  tha 
huildinp  of  which  shall  have  been  commenced  after  the  passing  of  the  Act,  are 
to  be  divided  by  transvene  watei^ti)tht  partitions,  so  (hat  tbe  fore  part  of  the 
vessel  shall  be  separated  from  the  engine-room  by  one  of  EUcb  partitions,  and 
■0  that  (he  after  part  of  such  vessel  bhaii  be  separated  from  the  engine-room  hf 
another  of  such  partiliana. 

2.  From  and  after  the  finl  day  of  January,  IS47,  no  vetsel,  the  tonnage  of 
wliich  shall  be  100  Ions  or  upwards,  shall  proceed  to  aea,  from  any  port  what- 
aoerer,  unless  it  thsll  be  provided  with  boats,  duly  supplied  with  all  requiaites 
fur  their  use,  and  not  being  fewer  in  number,  nor  less  in  their  dimenilona,  than 
the  number  and  dimensions  aet  oppoalte  to  the  limits  of  dimeniians  in  the 
following  table,  provided  thit  the  said  limit  of  dimensions  be  cot  considered 
applicable  to  vetsets  engaged  in  tbe  whale  fiahery  ; — 
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and  Ihat  no  Teuel  curring  mc 

any  voyage,  unleu,  in  addiuan  to  tbe  boati  bereinbefore  requirei  , 

be  provided  with  a  boat  fitted  up  u  a  liTe-hoat,  with  all  requiiitei  fbi  iti  lue, 

together  with  two  life  buoyi. 

3.  Every  iieamer  the  building  of  which  iball  be  commeDced  aftet  thepatiing 
of  the  Acl,  and  which  ihall  proceed  to  lea  with  a  panenger,  thai),  in  addition 
to  the  boat  ipecified  in  the  foregoing  table,  and  in  lira  ^  a  boat  fitted  up  a« 
a  life-boat,  be  provided  either  with  luch  boati  M  are  uroally  called  paddle-box 
boats,  or  with  lucb  other  boate  a*  may  be  directed  in  lien  thereof  by  the  Com- 
miuionen  of  the  Admiralty. 


liralty. 

4.  That  no  iteam  Teuel  of  100  toot  burden  or  upwardi  ihall  proceed  to  w_ 
unleu  it  thall  be  prorided  with  a  boae,  fbr  the  purpoie  of  extinguiihing  lire, 
capable  of  being  connected  with  tbe  engine*  id' tbe  vewel. 

5.  If  ant  (uch  iteam  venel  a«  aforetaid  proceed  to  Wft  without  being 
provided  with  luch  bote  ai  aforeiaid,  or,  being  an  iron  ilearn  reeKl,  without 
being  so  divided  oiaforeuud,  or  if  any  iteam  or  alhtx  venel  of  lOOtoni  burden 
or  upwardi  proceed  to  lea  without  being  to  provided  with  boati  at  aforeuid, 
or  if  any  of  luch  boata  be  loit  or  rendered  uielen  in  the  conne  of  the  voyage, 
Ihiough  the  wilful  fault  or  neglieence  of  the  owner  or  master,  or  if,  in  case  of 
any  ofiuch  boati  being  aecidentaJly  lent  or  injured  in  tbe  coune  of  the  voyage,  the 
matter  or  other  penoo  having  charge  of  the  veiiel  wilfnlly  neglect  to  replace 
-ir  repair  the  tame  on  tbe  first  convenient  opportuniU',  then  and  in  every  c 
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relheot 


^r  ihall  appear  to  be  in  fault,  he  shall  forfeit  a 


I  not  exceeding 


a  every  case  where  the  master  or  other  person  having  charge  of  ths 
vetsel  shall  appear  to  be  in  fault  he  shall  farfeit  a  sum  not  exceeding  50/. 

6.  No  officer  of  customs  to  clear  out  any  tuch  sleam  vessel  as  aforeiaid  for 
any  voyage  to  parts  beyond  the  seas  without  being  provided  with  such  boie  at 
aforetaid,  or,  being  an-ircn  tteam  vessel,  without  being  to  divided  as  aforetaid, 
nor  (o  clear  out  any  steam  or  other  vetselof  lOO  tons  buitbeo  or  unw^t,  for 
any  voyage  to  parti  beyond  the  seas,  unless  the  lame  be  provided  with  such 
boats  as  hereinbefore  are  required. 

7.  Every  steam  vessel  when  meeting  or  patting  any  other  ateani  vettel  shall 
ppisa  as  far  as  may  be  safe  on  the  port  tide  of  tuch  other  vessel,  and  every 
■team  vettel  navigating  any  river  or  narrow  channel  shall  keep  ai  far  at 
is  practicable  to  that  side  of  the  fairway  or  midchannel  of  tuch  river  or  channel 
which  liei  on  tbe  ttarboard  side  of  inch  vetsel,  due  regard  being  bad  to  the 
lide;  and  the  matter,  or  other  penon  having  the  charge  of  any  tuch  Iteam 
vessel,  and  neglecting  to  obierva  the  regulation!,  or  eitherof  them,  shall  for 
each  and  every  inttanee  of  neglect  forfeit  and  pay  a  sum  oot  eiceding  501. 

8.  On  or  before  the  30lh  of  April  and  tbeSlsl  day  of  October  in  every  year,  the 
ownen  of  every  ateam  vessel  shall  trannnil  to  tlie  Lords  of  the  G)mmiltee  of  Privy 
Council  for  Trade  tbe  two  following  declarationt  in  writing,  (that  is  h>  say) — 

Firil,  A  declaration  of  the  lufficiency  and  good  eonditioD  of  the  hull  of  such 
steamer,  under  tbe  hand  of  a  ihipwrigbt-furveyot  to  be  approved  b;  the  Laid* 
of  the  taid  Committee. 
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Secomd.  A  dcclantion  of  the  saflkiciicj  and  good  eoaditmi  of  tbe  mi  liiiif  i  j 
of  mch  iternm  Teisel,  imdcr  the  hand  oif  on  engineer  to  be  appcowd  bj  the 
Lords  of  the  laid  Committee ;  such  dedantiflBt  bcnring  date  of  aome  daj  in 
the  taid  months  of  April  or  October  rcapectivelj. 

And  the  Lords  of  the  said  Committee  shall  register  nch  declantiom^  and 
shall  transmit  to  the  owners  of  such  steaas  Teaseia  rcspectiTely  certificateSk 
under  the  hand  of  one  of  the  secretaries  or  —*■»*'«»  ■■'■'■T*a*T*t  of  the  said 
Committee,  of  the  registrr  of  such  declarations. 

9.  If  any  steam  ressel  proceed  to  sea  with  nafng^n,  the  owner  whereof 
has  not  duly  transmitted  to  the  Lords  of  the  said  Cooimittee  such  deelarmtioo% 
and  receired  from  the  Lords  of  the  said  Conuntttee  such  ccrCificmtea  of  the 
registry  of  such  declarations  as  herein  before  is  mentioned,  the  owner  of  such 
steam  vessel  shall  forfeit  a  sum  not  exceeding  1001. 

10.  Whenever  any  steam  vessel  shall  have  sustained  or  caused  any  serious 
accident,  occasioning  loss  of  life  or  property,  or  received  any  wiyt^p^i 
damage  affecting  her  seaworthiness,  eitner  in  her  hull  or  her  engine,  by 
grinding  or  by  collision  with  any  other  vessel,  or  by  any  other  means,  the 
master  or  other  person  having  the  charge  of  such  vosel  shall,  as  aoon  as  con- 
veniently may  be,  transmit  through  the  post  office,  by  letter  addreaaed  to  the 
Lords  of  the  Committee  of  Privy  Council  for  Trade,  and  signed  by  snch  master 
or  other  person,  a  report  of  such  accident  or  damage,  and  the  probable  occaaion 
thereof,  stating  therein  the  name  of  the  vessel,  the  port  to  which  abe  bdongs, 
and  the  place  where  she  is,  in  order  that  the  Lords  of  the  said  Committee  may, 
if  they  think  fit,  investigate  the  matter ;  and  should  the  owner  or  owners  of 
any  steam  vessel  from  her  non-appearance  or  otherwise  have  reason  to  appre- 
hend that  such  steam  vessel  is  wholly  lost,  he  or  they  shall,  aa  soon  as 
convenientlv  may  be,  in  like  manner  send  notice  thereof  to  the  Lords  of  the 
said  Committee ;  and  every  owner,  master,  or  such  other  person  aa  aforesaid, 
who  shall  neglect  to  send  such  notice  as  hereby  is  required  within  a  reasonable 
time  after  any  such  accident  shall  have  happened,  shall  for  every  snch  offence 
forfeit  and  pay  a  sum  not  exceeding  50L 

11.  Whenever  any  steam  vessel  shall  have  sustained  or  caused  any  aeiious 
accident  occasioning  loss  of  life  or  property,  or  received  any  material  damage 
affecting  her  seaworthiness  either  in  her  hull  or  her  engine,  by  grounding  or  by 
collision  with  any  other  vessel,  or  by  any  other  means,  it  shall  be  lawful  for  the 
Lords  of  the  said  Committee  to  appoint  any  proper  person  or  persons  as 
inspector  or  inspectors  to  inquire  into  and  report  upon  such  accident';  and  it 
shall  be  lawful  for  every  person  so  authorized,  at  all  reasonable  timea,  upon 
producing  his  authority  if  required,  to  go  on  board  and  inspect  any  auch 
steam  vessel  and  the  machinery  thereof,  and  every  part  thereof  respectively, 
not  detaining  or  delajring  the  vessel  from  proceeding  on  her  voyage,  and  to 
make  such  inquiries  as  to  the  nature,  circimistances,  and  causes  of  sucm  accident 
as  he  or  they  may  think  fit. 

12.  That  nothing  in  this  Act  shall  extend  to  any  of  Her  Majesty's  ships  of 
war,  nor  to  any  vessel  not  being  a  British  registered  vesseL 

STEEL.  A  peculiar  combination  of  carbon  with  iron.  It  is  chiefly  nsed  for 
edee  tools,  and  other  sharp  cutting  instruments,  where  great  hardness  ia  re- 
quired ;  and  from  the  fine  polish  of  which  it  is  susceptible,  its  applications  to 
ornamental  as  well  as  useful  purposes  are  as  obvious  as  they  are  well  known. 
See  Iron. 

STEELYARD.  A  machine  for  ascertaining  the  weights  of  bodies,  usually 
denominated  the  Roman  balance.  It  consists  of  a  lever  of  unequal  arms,  sus- 
pended horizontally ;  to  the  shorter  of  the  two  arms  is  suspended  the  article  to 
be  weighed,  and  on  the  longer  arm  a  weight  is  made  to  traverse,  until  the  beam 
rests  in  a  horizontal  position ;  the  position  of  the  traversing  weight  indicating 
the  weight  of  the  article,  which  is  engraved  on  the  beam  where  the  weight  stops. 
See  the  articles  Balance  and  Lever.  There  is,  however,  another  kind  of  steel- 
yards in  extensive  use  for  domestic  and  other  purposes,  wherein  great  nicety  in 
weighing  is  not  appreciated.    They  are  usually  called  "  pocket  steelyards,"  and 
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are  thus  constructed: — In  tbe  centre  of  a  distended  spiral  spring  of  many  coils, 
is  a  metallic  bar,  on  which  are  marked  the  divisions  of  the  scale,  according  to 
the  amount  of  force  or  weight  in  pounds,  requisite  to  compress  the  spring  to 
any  point  represented.  To  one  end  of  the  bar  is  rivetted  a  plate,  to  press  upon 
the  spring,  which  are  both  in  a  cylindrical  metal  case ;  the  other  end  of  the  bar 
passes  freely  through  a  hole  in  the  bottom  flat  end  of  the  case,  where  it  is  con- 
nected to  a  hook,  on  which  the  article  or  goods  to  be  weighed  are  hung;  and 
according  to  their  actual  weight  the  bar,  by  compressing  the  spring,  is  externally 
protruded,  showing  by  the  figure  on  the  scale  the  weight  of  substance  suspended. 
A  great  variety  of  machines  for  indicating  weight  and  pressure  by  the  elastic 
resistance  of  springs  have  been  invented,  and  several  have  been  described  in  the 
course  of  this  work,  (see  the  articles  Dtnamometer,  Cable,  and  others,)  and 
we  shall  here  add  one  more,  which  has  been  brought  into  very  extensive  use  by 
the  diligence  and  skill  of  Mr.  Marriott,  of  London.  The  machine  we  allude 
to  is  denominated  Marriott's  Patent  Weighing  Machine.  It  is  an  invention  oi 
150  years  standing,  and  the  improvements  made  by  Mr.  Marriott  relate  to 
some  minutiae,  which,  though  of  a  subordinate,  are  not  of  a  useless  character. 
The  annexed  diagram  is  ulustrative  of  the  construction  of  the  internal  part. 
a  is  the  ring  by  which  the  machine  is  suspended:  to  the  stem  proceeding 
from  the  ring  the  uppermost  side  of  a  strong  elliptical  steel  spring  is  made 
fast  by  a  nut  and  screw ;  at  6  is  suspended  the  scale,  or  other  receptacle  to 

hold  the  goods  to  be  weighed ;  the 
stem  of  tms  is  secured  to  the  lower- 
most side  of  the  spring,  and  like- 
wise at  its  upper  extremity  to  a 
vertical  rack   e,  which  is  drawn 
downwards  as  the  elasticity  of  the 
spring  is   operated  upon  by  the 
weight ;    the  descent  of  the  rack 
turns  a  small  toothed  pinion  </,  on 
the  axis  of  which  is  fixed  a  hand  e, 
that  points  out  upon  the  graduated 
.    circle/  the  amount  of  the  force  or 
\   weight  applied.     The  inner  circle 
',  shows  the  periphery  of  the  circu- 


-  lar  box,  which  encloses  the  parts  de- 
;  lineated  within  it.     The  periphery 
.'   of  the  firont  plate  and  the  mdex  are 
/     shown  in  dotted  lines,  as  they  are 
'      not  supposed  to  be  seen  in  this  view 
of  the  apparatus.    This  machine  is 
extremely  convenient  and  portable, 
it  requires  no  weight,  may  be  hung 
up  any  where,  and  is  sufiiciently 
accurate  for  the  generality  of  pui> 
poses,  where  inaccuracies  to  the  ex- 
tent of  a  few  small  firactional  parts 
are  of  no  moment 

STILL.  The  name  of  the  principal  vessel  in  which  distillation  is  conducted. 
See  a  great  variety  of  them  under  the  heads  Alcohol,  Distillation,  &c. 

STIPPLING.  A  mode  of  engraving  on  copper  by  means  of  dots,  as  contra- 
distinguished from  a  course  of  continued  lines.  The  term  is  likewise  applied 
to  the  mode  adopted  by  some  artists  in  drawing,  of  putting  in  the  tints  and 
shadows  of  black  lead  or  crayons,  by  means  of  the  end  of  a  piece  of  coiled 
paper,  charged  with  the  pigment,  with  which  it  is  stippled  or  stamped  on  to 
the  surface  of  the  paper.  Good  artists  generally  despise  this  process ;  and  we 
are  of  opinion  that  none  but  good  artists  should  attempt  to  practise  it,  on  ac- 
count of  its  wretched  spiritless  appearance,  if  not  very  ably  performed. 

STOCKS.  A  frame  erected  on  the  shore  of  a  river,  or  of  the  sea,  and  in 
the  large  establishments  in  the  inside  of  docks,  for  the  purpose  of  building 


758  STRANDED. 

ships.  It  generally  coatists  of  a  number  of  solid  wooden  bloekf,  ranged 
parallel  to  each  other  at  convenient  diatancet  upon  a  Ytrj  firm  foundation,  ud 
with  a  gradual  declivity  towards  the  water. 

STRAND.  One  of  the  twists  or  divisions  of  which  a  rope  is  composed; 
also  the  name  applied  to  any  sea-beach,  or  shore,  that  slopes  gradually  down  to 
the  water's  ed^e 

STRANDED,  in  sea  affaxrg^  a  term,  which,  when  applied  to  a  rope,  signifies 
that  one,  at  least,  of  its  strands  is  broken  \  but  when  applied  to  a  ship,  or 
vessel,  it  means  that  she  has  run  on  a  rock  or  shoal,  and  been  either  rendmd 
useless,  or  entirely  dashed  to  pieces.  The  considerable  loss  eveiy  year  of 
valuable  lives,  by  shipwreck,  on  the  British  shores,  had  early  attracted  the 
notice  of  the  Society  of  Arts,  and  oremiums  were  offered  for  the  discovery  of 
effectual  means  of  diminuhing  the  frequency  of  these  dutressing  calamities.  In 
the  year  1791,  Mr.  J.  Bell,  seijeant  of  artillery,  proposed  the  proiection  of  an 
eight-inch  shell,  loaded  with  lead,  and  having  a  light  rope  attadied  to  it.  The 
shell  being  discharged  from  a  small  mortar  on  the  deck  of  a  stranded  ship, 
would  perform  a  range  of  about  200  yards,  carrying  the  rope  with  it,  and  would 
bury  itself  in  the  sand  on  the  shore,  so  as  to  form  a  communication  with  the 
land,  by  means  of  which  boats,  or  rafVs,  might  be  hauled  through  the  surf,  and 
thus  greatly  facilitate  the  probability  of  escape  firom  the  wreck.  The  objections 
to  this  plan  consisted  in  the  difficul^  of  prevailing  on  the  owners  of  merchant 
ships  to  incur  the  expense,  and  on  the  masters  to  have  the  apparatus  in  con- 
stant readiness  for  use.  Besides  which,  many  cases  would  no  doubt  occur,  in 
which,  firom  the  pitching  of  the  vessel,  and  from  the  sea  beating  over  her,  it 
would  be  impossible  to  project  the  shot  in  the  right  direction,  or  even  to  dis- 
charge the  mortar  at  alL 

In  1806,  Capt  G.  W.  Manby,  of  Yarmouth,  effected  considerable  improve- 
ments  on  the  original  proposal  of  Mr.  Bell.  These  consisted  in  stationing  the 
apparatus  on  the  shore,  instead  of  having  it  on  board  the  ship,  as,  indeed,  had 
previously  been  proposed  by  Mr.  Bell ;  thus  enabling,  in  the  first  place,  a  single 
appi^tua  to  be  used  in  aid  of  every  vessel  that  might  be  driven  ashore,  on  a 
considerable  line  of  coast  Secondly,  enabling  the  persons  intrusted  with  the 
apparatus  to  become  fiiuniliar  with  it,  and  therefore  prompt  in  its  application. 
1  uirdly,  increasing  the  probability  of  success  by  having  the  power  ofplacing 
the  mortar  in  the  most  favourable  position,  with  reeard  to  the  vessel,  and  of 
airanging  the  rope,  so  as  to  render  it  much  less  liable  to  entangle,  and  thereby 
to  break,  than  if  it  were  thrown  from  the  deck  of  the  stranded  vessel.  The 
great  personal  activity  and  exertions  of  Capt  Manby  in  this  very  interesting 
and  meritorious  undertaking,  were  liberally  seconded  by  the  government ;  and 
the  result,  that  on  the  eastern  part  of  Norfolk  alone,  where  Capt  Manby  has 
been  stationed,  no  Uu  than  332  persons  have  been  rescued  from  48  stranded 
vo»»oU  between  1808  and  1826.  Capt  Manby 's  original  method  of  coiling  or 
faking  the  rope  on  the  shore,  was  an  operation  that  required  to  be  very  dexter- 
oiinly  performed ;  was  impracticable  in  some  places  fi-om  the  inequalities  of  the 
giouiul;  was  liable  to  derangement  from  the  wind;  occupied  much  precious 
tiiuo  after  tlie  arrival  of  the  apparatus,  and  scarcely  admitted  of  being  performed 
at  night  A  great  improvement  was  subsequently  made  by  Capt  Manby,  in 
luxing  the  ropes  arranged  in  baskets,  which  allows  of  their  being  now  con- 
vox  rd  in  a  state  ready  for  immediate  use,  to  any  place  where  they  may  be 
M  Aiucfl.  Under  the  management  of  Capt  Manby,  and  his  immediate  assist- 
AUt^  i\\9  breaking  of  a  rope,  in  consequence  of  its  getting  foul  while  running 
\\\\U  it  A  ver}'  rare  occurrence.  Other  persons  less  accustomed  to  the  business, 
tkWxU  |H»rhaps,  less  dexterous,  have,  however,  frequently  failed ;  and  it  seems 
to  \\p  jfi^xwttlW  allowed  by  the  associations  on  the  coasts  of  Norfolk  and  Suffolk, 
fo^  t^\w(  in  cases  of  shipwreck,  .that  some  more  certain  mode  of  faking  or 
ri^ilihg  \\\^  rope  would  be  an  important  improvement 

\\\  183CI,  Mr.  Hase,  of  Saxethoip,  in  Norfolk,  being  employed  to  cast  a  brass 
h^iMtar  for  one  of  Cant  Manby 's  apparatus  stationed  near  Cromer,  constructed 
a  Hk<>Uton  rpcl,  or  rather  conical  spindle,  as  an  improvement  on  Capt  Manby*s 
b4iski?ts«    This  reel  was  supported  oy  an  axis,  which  allowed  of  its  being  placed 
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«t  tny  required  angle ;  and  the  rope  being  wound  round  it,  waa  expected  to  be 
delivered  more  freely,  and  with  leu  ri»k  of  breaking,  than  by  tha  niual  moie. 
Eiperimcnti  made  at  Cromer  confirmed  the  iinticipationB  of  the  in»entor,  iDd 
the  apparatus  has  now  been  in  uM  for  three  yean,  and,  apparently,  has  given 
much  latiiraction. 

Finally,  Mr.  Thorotd  hai  given  to  Mr.  Hwe'i  reel  a  itronger  and  more  com- 
pact form,  hai  both  eipcdited  and  facilitated  the  coiling  of  the  rope  evenly  upon 
It,  and  hai  placed  the  mortar  and  reel  upon  wheela,  so  that  it  may  be  trans- 
ported  ezpeditioutly  to  any  place  where  it  is  wanted.  It  is  obvious,  however, 
that  by  lo  doing,  the  eipense  of  the  whole  apparatus  is  greatly  increased ;  thai  it 
is  now  scarcely  capable  of  being  conveyed  by  band,  as  CapL  Manhy's,  and  even 
Mr.  Hase's  is ;  and  thai,  therefore,  situations  may  occur,  to  which  it  would  be 
difficult,  if  not  impoeaible,  to  bring  iL  The  following  figure  presents  a  side 
elevation  of  the  cart  f  with  the  near  wheel  off)  and  reel,  and  the  mortar  elevated 


into  n  position  for  firing.  The  axis  of  ihe  conical  reel  is  fixed  in  the  centre  uf 
a  ntrong  wooden  cross,  which  is  framed  and  secured  by  four  bolts  to  the  bars 
b  b ;  these  are  hinged  at  e  to  the  cart;  d  a  a  bar  of  iron  with  holes,  servitig  ai 
an  elevator ;  it  is  screwed  on  lo  the  frame  b,  and  one  of  the  boles  being  placed 
on  a  pin  fiied  in  the  cart's  side,  retains  the  reel  at  the  required  angle.  Two 
chains  1 1  are  fixed  on  at  each  side  of  the  cart,  and  to  Ihe  frame  b  b,  wliicli 
retains  il ;  while  the  reel  is  vertical,  Ihe  elevator  d  catches  the  pin  by  its  laic 
hole.  At  /  there  is  a  mocabU  ring  and  winch  handle  (not  represented) ;  g  u 
guide  bar,  turning  on  pivots  in  the  frame  b,  on  which  is  a  sli^ng  box  h,  lo  be 
used  in  coiling  the  rope.  Within  the  winch  ring  is  a  hook  ;  a  bend  of  the  line 
being  placed  on  this,  the  reel  is  turned  once  round,  and  the  rope  passed  through 
the  eye  of  the  guide  box  h,  properly  constructed,  and  a  pair  of  nippers  (not 
shown).  When  the  mortar  is  to  be  fired,  the  guide  bar  g  ii  thrown  hack  into 
the  position  represented,  and  the  winch.  The  pressure  of  the  guide  bar  being 
thus  taken  off,  the  elasticity  of  the  cord  causes  it  to  rise  a  little,  and  throw  on 
two  or  three  of  the  upper  coils ;  the  next  coil  is  kept  in  its  place  by  one  of  the 
assistants  laying  his  finger  on  it,  and  not  withdrawing  it  until  Ihe  moment  of 
firing.  The  mortar  is  to  be  placed  a  few  yards  to  leeward  of  the  reel,  with  the 
line  attached  to  the  shot.  A  clamp  n  hangs  from  the  frame  b,  by  means  of 
which  the  last  coil  of  the  rope  is  to  be  bound  to  the  rim  of  the  co^e,  in  order 
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to  secure  it  for  travelling,  the  remainder  of  the  line  being  on  the  frame  o  «. 
Another  line,  on  a  similu  frame,  is  stowed  in  the  tail  of  the  cart ;  and  in  front 
of  the  axletree  there  is  a  locker  for  the  shot,  the  peculiar  form  of  which  is 
shown  by  the  separate  figure  q.  The  time  required  for  winding  the  line,  and 
firing  the  shot,  is  one  minute  and  a  half.  Numerous  certificates  on  the  advan- 
tages of  Mr.  ThoTold's  apparatus,  accompanied  that  gentleman's  communication 
to  the  Society  of  Arts,  who  voted  him  the  silver  Vulcan  medal : — a  model  of 
which  invention  is  placed  in  the  Socie^'s  Repository. 

SUBERIC  ACID.  An  acid  obtained  from  cork ;  tuber  being  the  specific  name 
of  the  cork-tree. 

SUBLIMATION.  An  operation,  by  which  volatile  substances  are  collected 
and  obtained.  It  is  nearly  allied  to  distillation,  excepting  that  in  the  latter,  the 
fluid  parts  only  of  bodies  are  raised,  whereas,  in  sumimation,  the  solid  and  the 
dry  are  obtained.  Flowers  of  sulphur  are  obtained  in  this  way ;  and  the  soot 
in  our  chimneys  is  a  familiar  and  perfect  illustration  of  sublimation. 

SUCCINIC  ACID.    An  acid  extracted  from  amber,  by  distillation. 

SUCKER.  A  name  given  by  plumbers  to  the  bucket,  piston,  or  rising  valve 
of  a  pump :  see  Pump. 

SULPHATES.   Definite  compounds  of  sulphuric  acid  with  the  salifiable  bases. 

SULPHITES.    Definite  compounds  of  sulphurous  acid  with  their  bases. 

SULPHUR.  A  simple  inflammable  body.  Its  fiising  point  is  220**  Fahr. 
after  which  it  begins  to  evaporate ;  at  560o,  it  takes  fire  in  the  open  air,  and 
bums  with  a  pale  blue  flame :  kept  melted  in  an  open  vessel  at  300*,  it  becomes 
of  a  red  colour,  thick,  viscid,  and  plastic,  like  wax,  and  is  used  by  seal  en- 
gravers to  take  ofi*  impressions  firom  their  work.  Its  great  utility  in  the  arts 
is  too  well  known  to  need  specifying. 

SULPHURETS.  Combinations  of  the  alkalic  eartlis,  and  metals,  with 
sulphur. 

SULPHURIC  ACID  :  see  Acid,  Sulphuric 

SUMACH.  A  vegetable  substance,  extensively  employed  in  tanning  and 
dying.  It  consists  of  the  young  shoots  of  a  shrub,  tnat  c^rows  naturally  in 
many  parts  of  the  Mediterranean ;  the  shoots,  after  being  dried,  are  reduced  to 
powder  in  a  mill,  which  adapts  it  to  the  immediate  use  of  the  tanner  and  dyer : 
it  abounds  In  tannin  and  the  gallic  acid,  strikes  a  deep  and  rich  black  with  the 
salts  of  iron,  and  is  eminently  valuable  in  the  arts  alluded  to,  (which  see,)  and 
many  others. 

SWIVEL.  A  kind  of  ring  or  link  of  a  chain,  that  is  enabled  to  turn  round, 
by  jointing  it  to  the  next,  by  means  of  a  pin  or  axis.  The  term  of  swivel  is 
applied  to  a  small  cannon,  provided  with  a  similar  kind  of  joint ;  and  to  very 
numerous  purposes,  twivel-jomU  are  adapted  and  modified  in  a  variety  of  wajrs 
too  unimportant  to  describe. 

SWORD.  A  long-bladed  knife,  fashioned  in  various  ways,  but  all  designed 
for  mangling  or  destroying  the  human  species. 

S YRI N  G  £.  A  simple  hydraulic  machine,  employed  to  draw  in  and  discharge 
fluids  violently.  It  consists  merely  of  a  small  tube,  in  which  is  fitted  a  piston 
or  plunger,  and  having  a  small  hole  at  the  bottom  of  the  tube,  through  which 
the  liquid  enters,  when  the  plunger  is  drawn  back,  and  charges  the  barrel, 
llicn,  by  forcing  the  plunger  forwards,  the  fluid  b  expelled  with  a  violence  pro- 
portioned to  the  velocity  given  to  the  plunger. 


T. 


TABBY.  The  name  of  a  rich  kind  of  silk,  which  has  undergone  the 
operation  of  tabbying  ;  which  consists  in  passing  between  metallic  rollers,  the 
surfaces  of  which  are  variously  engraven,  producing  thereby  the  device  upon 
the  stuff)  by  laying  down  the  fibres  in  one  part,  and  leaving  them  erect  in  the 
other,  rendering  them  conspicuous  by  the  difference  of  light  and  shade 
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TABLES.     In  tnathemtUics,  they  are  the  results  of  calculations,  systematically 
arranged,  for  the  convenience  of  ready  application.     They  also  serve  the  useful 
pniposes  of  testing  the  accuracy  of  a  person's  own  calculations.     Numerous 
tables  are  given  in  various  parts  of  this  work,  attached  to  the  subjects  to  which 
they  are  related. 
TAG  AM  AH  AC.     A  resin,  having  the  odour  of  musk,  soluble  in  alcohol. 
TACKLE.     A  term  sometimes  applied  to  a  pair  of  pidley-blocks  and  ropes, 
Qsed  for  raising  or  removing  weights. 
TACKS.     Small  nails.     See  Nails. 

TAFFETT.  A  very  rich,  glossy,  silk  stuff,  plain,  flowered,  gold-striped, 
&c.  &c. 

TALC.  A  soft  unctuous  mineral,  occurring  in  beds,  in  mica-slate,  and  clav- 
slate.  It  is  found  in  several  parts  of  Scotland ,  but  the  best  comes  from  tfie 
neighbourhood  of  the  Tyrol  It  is  employed  as  an  ingredient  in  rouge  for  the 
toilette,  along  with  carmine  and  benzoin.  This  cosmetic  communicates  a 
remarkable  degree  of  softness  to  the  skin,  and  is  not  injurious.  The  flesh 
polish  is  given  to  gypsum  figures,  by  rubbing  them  with  talc 
TALLOW.  Animal  fat  melted  down  and  clarified.  See  Fat. 
TAMBOUR.  A  species  of  embroidery,  in  which  threads  of  gold  and  silver 
are,  by  needles  of  a  peculiar  form,  worked  in  leaves  and  flowers,  &c.,  upon  a 
silk  stufl^  stretched  over  a  circular  frame,  called  a  tambour. 

TANNIN.  A  peculiar  vegetable  principle,  so  named  because  it  is  the  effective 
agent  in  tannmgy  or  the  conversion  of  skin  into  leather.     See  Leath  er. 

TAPESTRi .  A  species  of  woven  hangings  of  wool  and  silk,  adorned  with 
scenic  representations  in  imitation  of  pamtmg,  and  employed  formerly  for 
lining  the  walls  of  elegant  apartments,  churches,  &c.  The  French  ascribe  the 
invention  to  the  Saracens ;  and  hence  the  workmen  employed  in  it  were  called 
Sarazins.  Guicciardini  ascribes  it  to  the'  Dutch.  A  manufactory  was  esta- 
blished at  Paris,  by  Henry  IV.  in  1606  or  1607,  which  was  conducted  by 
Flemish  artists.  It  was  brought  to  England  by  Wm.  Sheldon,  in  the  reign  of 
Henry  VIII.;  and  in  1619  a  manufacture  was  established  at  Mortlake,  in 
Surrey,  by  Sir  Francis  Crane,  who  received  2000^  from  King  James  ta 
encourage  the  design.  The  manufactory  of  the  Gobelins  in  France  became  thu 
most  celebrated  for  the  beauty  of  the  colouring,  and  the  elegance  of 
design  ;  the  first-rate  painters  bemg  employed  to  furnish  subjects. 

TAPIOCA.  A  gummy  kind  of  starch,  prepared  by  the  Brazilians  from  the 
root  of  the  casava  plant  A  spurious  tapioca  has  been  manufactured  in  this 
country,  from  the  farina  of  the  potato;  the  process  of  preparing  the  latter 
consisting  simply  in  exposing  the  dry  farina  to  the  action  of  a  moderate  heat 
in  an  open  pan,  and  continually  stirring  it  up  to  prevent  carbonization ;  the 
water  of  crystallization  of  the  starch,  causing  a  species  of  fusion  of  the  starch, 
which  conglomerates  into  little  masses,  of  a  semi-transparent  gummy  appearance, 
but  with  an  efflorescent  surface,  much  like  the  foreign  tapioca  in  appearance ; 
and  although  it  possesses  similar  properties  as  an  aliment,  it  does  not  form  so 
strong,  nor  so  agreeable  a  "jelly."  A  patent  was  recently  taken  out  for  the 
process  just  described ;  but  unfortunately  for  the  patentee,  it  was  well  known, 
and  for  nearly  half  a  century  before  the  date  of  his  patent  The  advantage  of 
the  process  is,  however,  to  us  more  than  doubtful,  whilst  the  foreign  article  can 
be  oDtained,  subjected  to  only  a  moderate  import  tax. 

TAR.  A  thick  black  unctuous  substance,  obtained  chiefly  from  old  pines 
and  fir  trees,  by  burning  them  with  a  close  smothering  heat  It  is  prepared  in 
gieat  quantities  in  Norway,  Sweden,  Russia,  Germany,  North  America,  and  in 
other  countries  where  the  pine  and  fir  abound. 

1  he  mode  practised  in  the  Scandinavian  peninsula,  is  similar  to  that  described 
liy  Theophrastus  and  Dioscorides,  as  in  use  in  ancient  Greece.  A  conical  cavity 
is  made  m  the  earth,  with  a  cast-iron  pan  at  the  bottom,  to  which  is  connected  a 
pipe  to  carry  off  the  liquid.  Billets  of  wood  arc  thrown  into  the  cavity,  and  being' 
tiien  covered  with  turf,  are  slowly  burnt  without  flame.  The  tar  whicli  exudes 
during  the  combustion,  is  conducted  by  the  before-mentioned  pipe  into  barrels, 
which  are  afterwards  bunged  up,  and  are  then  ready  for  exportation 
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Becher,  the  celebrated  chemist,  firtt  propoeed  to  make  tar  from  pit-coal. 
Manufactures  for  this  purpose  have  been  established  many  years  ago,  in  several 
parts  of  England.  In  the  year  1781,  the  earl  of  Dundonald  obtained  a  patent 
for  extracting  tar  from  pit-coal,  by  a  new  process  of  distillation ;  a  kind  of  tar 
is  also  produced  from  the  pit-coal  used  in  the  production  of  gas  for  illumination. 
See  Gas  :  also  Pitch. 

TARPAULIN.  A  piece  of  strong  canvass,  or  sail-cloth,  well  saturated 
with  tar,  and  dried ;  employed  extensively  for  covering  goods  in  ships,  ban^es^ 
waggons,  carts,  &c. ;  also  for  protecting  stacks  and  ricks  <^  agricultural  produce 
from  the  effects  of  the  weather,  &c. 

TARRAS,  or  TERRAS.  A  volcanic  earth  used  as  a  cement  It  diffem 
but  little  from  puzzolana,  but  contains  more  heterogeneous  particles,  as  spar, 
quartz,  shorl,  &c.  It  effervesces  with  acids,  is  magnetic,  and  fusible  per  se. 
When  pulverised,  it  serves  as  a  cement,  like  puzzolana.  It  is  obtained  from 
Germany  and  Sweden. 

TARTAR.  A  substance  deposited  on  the  sides  of  wine  casks,  during  the 
time  that  the  wine  is  in  a  state  of  fermentation.  This  substance  being  scraped 
off,  and  in  its  natural  and  unpurified  state,  is  called  by  chemists  super-tartrate 
of  potash,  and  popularly,  cnide  tartar.  Tartar  is  distinguished,  from  its  colour, 
into  red  and  white,  according  to  the  colour  of  the  wine  from  which  it  originates. 
All  wines  do  not  afford  the  same  proportion  of  tartar ;  according  to  Dr.  Newmann, 
the  wines  of  Hungary  yield  but  little  tartar,  those  of  France  somewhat  more, 
while  the  Rhenish  wines  afford  the  purest  tartar  in  large  quantities.  The 
method  adopted  at  Montpelier,  according  to  Dr.  Ure,  for  purifying  this 
substance  from  an  abundance  of  extractive  principle,  is  as  follows.  *'The 
tartar  is  dissolved  in  water,  and  suffered  to  crystallize  by  cooling ;  the  crystals 
are  then  boiled  in  another  vessel,  with  the  addition  of  five  or  six  pounds  of  the 
white  argillaceous  earth  of  Murviel  to  each  quintal  of  the  salL  After  tliis 
boiling  of  the  earth,  a  very  white  salt  is  obtained  by  evaporation,  which  is 
known  by  the  name  of  cream  of  tartar,  or  the  acidulous  tartrate  of  potash,'*  or 
purified  super-tartrate  of  potash. 

Emetic  tartar  is  the  tartrate  of  potash,  and  antimony.  Regenerated  tartar^ 
the  acetate  of  potash.  Salt  of  tartar^  the  subcarbonate  of  potash.  SolubU 
tartar,  the  neutral  tartrate  of  potash.     Fitriolated  tartar,  sulphate  of  potash. 

TARTARIC  ACID.  An  acid  obtained  from  the  above-mentioned  salt  tartar 
by  Scheele.  In  a  solution  of  the  super-tartrate  in  boiling  water,  be  saturated 
the  superfluous  acid  by  the  addition  of  chalk,  as  long  as  effervescence  ensued  ; 
and  expelled  the  acid  from  the  precipitated  tartrate  of  lime,  by  means  uf  the 
sulphuric.  Or  four  parts  of  tartar  may  be  boiled  in  20  or  24  parts  of  water, 
and  one  part  of  sulphuric  acid  added  ^adually.  By  continuing  tne  boiling,  the 
sulphate  of  potash  will  fall  down.  When  the  liquor  is  reduced  one-half,  it  is  to 
be  filtered ;  and  if  any  more  sulphate  be  deposited  by  continuing  the  boiling, 
the  filtering  must  be  repeated.  When  no  more  is  thrown  down,  Uie  liquor  is  to 
be  evaporated  to  the  consistence  of  a  syrup ;  and  thus  crystals  of  tartaric  acid, 
equal  to  half  the  weight  of  the  tartar  employed,  will  be  obtained. — Ure. 

TARTRATE.    A  neutral  compound  of  the  tartaric  acid,  with  a  base. 

TAWING.     The  art  of  preparmg  white  leather.     See  Leather. 

TEA.  The  dried  leaves  of  tne  tea-plant,  which  is  a  native  of  Japan,  China, 
and  Tonquin.  The  history  of  commerce  does  not  perhaps  present  a  parallel  to 
the  circumstances  which  have  attended  the  introduction  of  tea  into  this 
country.  The  leaves  were  first  imported  into  Europe  by  the  Dutch  East  India 
Company,  in  the  early  part  of  the  seventeenth  century ;  but  it  was  not  until 
the  year  1666  that  a  small  quantity  was  brought  over  firora  Holland;  and  yet, 
from  a  period  earlier  than  the  memory  of  but  few  of  the  present  generation  can 
reach,  tea  has  been  regarded  as  one  of  the  principal  necessaries  of  life  among 
ail  classes  of  the  community.  To  provide  a  sufficient  supply  of  this  aliment, 
many  thousands  of  tons  uf  the  finest  mercantile  navy  in  the  world  are  employed 
in  trading  with  a  people  by  whom  all  dealings  with  foreigners  are  merely 
tolerated ;  and  from  this  recently-acquired  taste,  an  immense  and  easily-collected 
revenue  is  obtained  by  the  tttate. 
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The  tea-plant  ia  an  evergreen,  somewbat  resembling  the  myrtle  in  appearance, 
bears  a  fragrant  yellow  flower,  and  grows  to  a  height  varying  between  three 
and  six  feeU  It  is  capable  of  enduring  great  variations  of  climate,  being 
cultivated  alike  in  the  neighbourhood  of  Canton,  where  the  heat  is  at  times 
almost  insupportable  to  the  natives,  and  around  the  walls  of  Pekin,  where  the 
winter  is,  not  unfrequently,  as  severe  as  in  the  north  of  Europe.  The  best 
sorts,  however,  are  the  production  of  a  more  temperate  climate ;  the  finest  teas 
are  said  to  be  grown  in  the  province  of  Nanking,  occupying  nearly  the  naiddle 
station  between  the  two  extremes  mentioned  above ;  and  the  greatest  portion  of 
what  is  brought  to  the  Canton  nuurket,  and  sold  to  the  European  merchants,  ia 
the  produce  of  the  hilly,  but  populous  and  industrious,  province  of  Fokien, 
situated  on  the  sea-coast,  to  the  north-east  of  Canton.  It  i^pears  to  thrive 
best  in  valleys,  or  on  the  sloping  banks  of  hiUs,  exposed  to  the  southern  sun, 
and  especially  on  the  banks  of  rivers  or  rivulets. 

The  tea-plant  is  propagated  from  seed,  and  the  holes  are  drilled  in  the  ground 
at  equal  distances,  ana  in  regular  rows ;  into  each  hole  the  planter  throws  as 
many  as  six,  or  even  a  dozen  seeds, — ^not  above  a  fifth  part  of  the  seed  planted 
being  expected  to  grow.  While  coming  to  maturity,  thev  are  carefully  watered; 
and  thoc^h,  when  once  out  of  the  ground,  they  would  continue  to  vegetate 
without  further  care,  the  more  industrious  cultivators  annuaUy  manure  the 
ground,  and  clear  the  crop  from  we«»ds. 

The  leavea  of  the  tearplant  are  not  fit  for  gathering  until  the  third  year ;  at 
which  period  they  are  in  their  prime,  and  most  plentifuL  When  about  seven 
years  old,  the  shrub  has  generally  grown  to  about  the  height  of  a  man,  and  its 
leaves  become  few  and  coarse ;  it  is  then  generally  cut  down  to  the  stem,  which, 
in  the  succeeding  summer,  produces  an  exuberant  crop  of  fresh  shoots  and 
leaves;  this  operation,  however,  is  sometimes  deferred  till  the  plant  is  ten 
years  old. 

The  process  of  gathering  the  tea  is  one  of  great  nicety  and  importance. 
Each  leaf  is  plucked  separately  from  the  stalk ;  the  bands  of  the  gatherer  are 
kept  carefully  clean,  and,  in  collecting  some  of  the  fine  sorts,  he  hardly  ventures 
to  breathe  on  the  plant  Notwithstanding  the  tediousness  of  such  an  operation, 
a  labourer  can  freauently  collect  from  four  to  ten,  or  even  fifteen  pounos  a  day. 
Three  or  four  of  these  gatherings  take  place  during  the  season :  viz.  towards 
the  end  of  February,  or  the  beginning  of  March ;  in  April  or  May ;  towards 
the  middle  of  June ;  and  in  August  From  the  first  gathering,  which  consists 
of  the  very  young  and  tender  leaves  only,  the  most  valuable  teas  are  manufac- 
tured ;  viz.  Uie  ereen  tea  called  gunpowder,  and  the  black  tea  called  Pekoe. 
The  produce  of  tnis  first  gathering  is  also  denominated  in  China,  Imperial  tea, 
probably  because,  where  the  shrub  is  not  cultivated  with  a  view  to  supplying  the 
demands  of  the  Canton  market,  it  is  reserved,  either  in  obedience  to  the  law, 
or  on  account  of  its  superior  flavour,  for  the  consumption  of  the  emperor  and  his 
court  From  the  second  and  third  crops  are  manu&ctured  the  green  teas, 
called  in  our  shops  Hyson  and  Imperial;  and  the  black  teas  denominated 
Souchong  and  Congou.  The  light  and  inferior  leaves  separated  from  the 
Hyson  by  winnowing,  form  a  tea  called  Hvson-skin,  much  in  demand  by  the 
Americans,  who  are  also  the  largest  general  purchasers  of  men  teas.  On  the 
other  hand,  some  of  the  choicest  and  tenderest  leaves  of  the  second  fathering 
are  freauently  mixed  with  those  of  the  first  From  the  fourth  crop  is  manu- 
factured the  coarsest  species  of  black  tea  caUed  Bohea ;  and  this  crop  is  mixed 
with  an  inferior  tea,  grown  in  a  district  called  Woning,  near  Canton;  together 
with  such  tea  as  remained  unsold  in  the  market,  of  the  last  season. 

Owing  to  the  minute  division  of  land  in  China,  there  can  be  few,  if  any, 
large  tea-growers ;  the  plantations  are  small,  and  the  business  of  them  carried 
on  by  the  owner  and  his  own  family,  who  carry  the  produce  of  each  picking 
immediately  to  market,  where-  it  is  disposed  of  to  a  class  of  persons  whose 
business  it  is  to  collect  and  dry  the  leaves,  ready  for  the  Canton  tea-merohants. 

The  process  of  drving,  which  should  commence  as  soon  as  possible  after  the 
leaves  have  been  gathered,  differs  according  to  Uie  quality  of  the  tea.  Some 
are  only  exposed  under  a  shed  to  the  sun^  rays,  and  frequently  turned.    A 


71^1  T£AZLE. 

drying^hoiue  will  contain  from  five  to  ten  or  twenty  smell  furaecei^  on  die  top 
of  each  of  which  in  a  flat-bottomed  and  shallow  iron  pan ;  there  is  also  a  long 
low  table,  covered  with  mats,  on  which  the  leaves  are  soread  and  rolled,  after  thej 
have  gone  through  the  first  stage  of  the  process,  which  we  may  call  baking. 
W  hen  the  pans  are  heated  to  the  proper  temperature,  a  few  pounds  of  fresh- 
gathered  leaves  are  placed  upon  them ;  the  fresh  and  juicy  leaves  crack  as  they 
touch  the  pan,  and  it  is  the  business  of  the  operator  to  stir  and  ahift  them 
about  as  rapidlv  as  possible,  with  his  bare  hands,  until  they  become  loo  hot  to 
be  touched  without  pain.  At  this  moment,  he  takes  off  the  leaves  with  a  kind 
of  shovel,  like  a  fan,  andjpours  them  on  the  mats  before  the  rollers,  who,  taking 
them  up  by  small  quantities  at  a  time,  roll  them  in  the  palms  of  their  hands, 
in  one  direction  only ;  while  assistants  with  fans  are  empioved  to  fim  the  leaves, 
in  order  that  they  may  be  the  quicker  cooled,  and  retain  their  curl  the  looger. 
To  secure  the  complete  evaporation  of  ail  moisture  from  the  leaves,  as  well  aa 
the  stability  of  their  curl,  the  operation  of  drying  and  rolling  is  repeated  two  or 
three  times,  or  even  oftener,  if  necessary, — the  pans  being,  on  each  sueoeasive 
occasion,  less  and  less  heated,  and  the  whole  process  performed  with  increaaii^ 
slowness  and  caution.  The  leaves  are  then  separated  into  their  several  *^asffft, 
and  stored  away  for  domestic  use,  or  for  sale.  It  was,  at  one  time,  sarnxMed 
that  the  green  teas  were  dried  on  copper  pans,  and  that  they  owed  their  fine 
green  colour  to  that  circumstance,  which  was  also  said  to  render  a  free  use  of 
them  noxious  to  the  human  frame  ;  but  this  idea  is  now  held  to  be  without 
any  foundation,  the  most  accurate  experiments  having  failed  in  detecting  the 
slightest  particle  of  copper  in  the  infusion. 

After  the  tea  has  been  thus  gathered  by  the  cultivator,  and  cured  and  assorted 
by  those  who,  for  want  of  a  better  name,  we  may  call  tearooUectors,  it  is  finally 
sold  to  the  "  tea-merchants "  of  Canton,  who  complete  the  manufru:ture  by 
mixing  and  garbling  the  different  qualities,  in  which  women  and  children  are 
chiefly  employed ;  the  tea  then  receives  a  last  drying,  is  divided  according  to 
quality,  packed  in  chests,  and  made  up  into  parcels  of  firom  one  hundred  to  six 
hundred  chests  each,  which  are  stamped  with  the  name  of  the  district,  grower, 
and  manufacturer,  and  called  from  a  Chinese  word,  meaning  sea/ or  stomp,  Chops. 

In  perusing  the  foregoing  process  of  drying  the  tea,  our  mechanical  readers 
will  probably  think  with  us,  tnat  it  might  be  much  better  (or  more  uniformly) 
performed  by  a  machine,  heated  by  steam  at  a  regulated  temperature,  and  that 
full  nine-tenths  of  the  labour  would  thereby  be  saved.  But  as  such  a  proposi- 
tion to  the  manufacturers  of  the  **  Celestial  Empire  **  would  probably  be  regsirded 
with  indignation,  and  he  rewarded,  if  it  were  possible,  wiUi  the  bastinado^  we 
shall  reserve  our  suggestions  for  a  fitter  object.  Tliose  of  our  readers  who  may 
wish  for  more  important  information  respecting  the  progre^  of  this  important 
trade,  than  our  limits  enable  us  to  give,  will  find  it  in  M*Culloch*s  Dictiorutry 
of  Commerce  ;  to  which  valuable  work  we  are  indebted  for  some  of  the  mate- 
rials of  this  article.  We  have  only  to  observe,  that  in  the  century  between 
1710  and  1810,  the  teas  imported  into  this  country  amounted  to  upwards  of 
750  millions  of  pounds,  of  which  more  than  630  millions  were  sold  for  home 
consumption;  between  1810  and  1828,  the  total  importation  exceeded  427 
millions  of  pounds,  being  on  an  average,  between  23  and  24  millions  a  year  • 
and  in  1831,  the  quantity  imported  was  26,043,223  pounds. 

T£  AK.  A  very  valuable  timber,  which  abounds  in  various  parts  of  the  East 
Indies,  and  is  applied  to  domestic  and  nautical  purposes.  Ships  built  with  teak 
are  far  more  durable  in  the  Indian  seas,  than  tliose  made  of  ifnglish  oak. 

TEAZLE.  A  plant,  the  heads  of  which  are  employed  in  the  dressing  of  woollen 
cloth,  and  for  which  operation  no  substitute  equally  effective  has  hitherto 
been  discovered.  The  teazle  has  been  considered  as  luffording  almost  a  solitary 
instance  of  a  natural  production  being  applied  to  mechanical  purposes  in  the  state 
in  which  it  is  produced.  It  appears,  that  many  attempts  have  been  made  to  supply 
a  substitute  for  the  teazles,  by  art,  all  of  which  have  been  abandoned  as  defec- 
tive or  injurious.  The  use  of  the  teazle  is  to  draw  out  the  ends  of  the  wool  from 
the  manufactured  cloth,  so  as  to  bring  a  regular  pile  or  nap  upon  the  surface, 
free  from  twistings  and  knottings,  and  to  comb  off  the  coarse  and  loose  parts 


TELEGRAPH.  765 

of  the  wool.  The  head  of  the  true  teaile  is  composed  of  incorporated  flowers, 
each  separated  by  a  lone  ridgy  chaflfy  substance,  the  terminating  point  of  which 
is  furnished  with  a  fine  nook.  Many  of  these  heads  are  fixed  in  a  frame ;  and 
with  these  the  surface  of  the  cloth  is  teazed  or  brushed,  until  all  the  ends  are  drawn 
out,  the  loose  parts  combed  off,  and  the  cloth  yields  no  impediment  to  the  free 
passage  of  the  wheel  or  frame  of  teazles.  Should  the  hooK  of  the  chaff,  when 
in  use,  become  fixed  in  a  knot,  or  find  sufficient  resistance,  it  breaks,  without 
injuring  or  contending  with  the  cloth ;  and  care  is  taken,  by  successive  applications, 
to  draw  the  impediment  out ;  but  all  mechanical  inventions  hitherto  made  use 
of,  offer  resistance  to  the  knot ;  and,  instead  of  3rielding  and  breaking,  as  the 
teazle  does,  resist  and  tear  it  out,  making  a  hole,  or  injuring  the  surface.  The 
dressing  of  a  piece  of  cloth  consumes  from  1500  to  2000  heads,  when  the 
work  is  completely  finished :  they  are  used  repeatedly  in  different  stages  of  the 
process. 

TELEGRAPH.  The  name  given  to  a  machine,  by  which  intelligence  may 
be  transmitted,  with  extraordinary  rapidity,  to  great  distances.  There  is  reason 
to  believe,  that  the  principle  of  the  modem  invention  of  communicating  inform- 
ation by  means  of  signals,  is  of  great  antiquity.  The  modems  have,  however, 
the  merit  of  applying  the  principle,  so  as  to  render  it  a  scientific,  and  almost 
perfect  machine.  Polybius  described  a  very  complete  arrangement  of  signals 
by  means  of  torches.  The  Marquess  of  Worcester,  in  his  Century  of  Inven- 
tionSf  boasts  of  being  able  to  do  wonders  in  this  way,  as  he  was  wont  to  do  in 
others.  Dr.  Hook,  whose  genius  as  a  mechanical  inventor  was  perhaps  never 
surpassed,  delivered  a  **  Discourse  to  the  Royal  Society,  on  the  2lsi  of  May,  1684, 
showing  a  way  how  to  communicate  one's  nund  at  distances**  of  30,  40,  100,  and 
120  miles,  &c.  **in  as  short  a  time  almost  as  a  man  can  write  what  he  would 
have  sent"  In  this  discourse,  which  was  published  in  Derham's  CoUecUons 
of  his  Experiments  and  Observations,  the  Doctor  takes  to  his  aid  the  then 
recent  invention  of  the  telescope,  and  explains  all  the  details  of  the  method  by 
which  charactftrs  exposed  at  one  station,  may  be  rendered  plain  and  distinguish- 
able at  the  others. 

About  sixteen  years  afterwards,  Amontons  proposed  the  constmction  of  tele- 
graphs in  France ;  which  much  resembled  Dr.  Hook's.  The  method  was  as 
follows : — 

Let  there  be  people  placed  in  several  stations,  at  a  certain  distxince  from  one 
another,  that,  by  the  help  of  a  telescope,  a  man  in  one  station  may  see  a  signal 
made  in  the  next  before  nim :  he  must  immediately  make  the  same  signal,  that 
it  may  be  seen  by  persons  in  the  station  next  after  him,  who  are  to  communi- 
cate it  to  those  in  the  following  station,  &c.    These  signals  may  be  as  letters 
of  the  alphabet,  or  as  a  cypher,  understood  only  by  the  two  persons  who  are  in 
the  distant  places,  and  not  by  those  who  make  the  signals.     The  person  in  the 
second  station  making  the  signal  to  the  person  in  the  third,  the  very  moment 
he  sees  it  in  the  first,  the  news  may  be  carried  to  the  greatest  distance  in  as 
little  time  as  is  necessary  to  make  the  signals  in  the  first  station.     The  distance 
of  the  several  stations,  which  must  be  as  few  as  possible,  is  measured  by  the 
reach  of  a  telescope.    Amontons  tried  this  method  in  a  small  tract  of  land, 
before  several  persons  of  the  highest  rank,  at  the  court  of  France.     It  was  not, 
however,  till  the  French  revolution,  that  the  telegraph  was  applied  generally  to 
useful  purposes.     Whether  M.  Chappe,  who  is  said  to  have  invented  the  tele- 
graph first  used  by  the  French,  about  the  end  of  1793,  knew  any  thing  of 
Amonton's  invention  or  not,  it  is  impossible  to  say ;  but  his  telegraph  was  con- 
structed on  principles  nearly  similar.     The  manner  of  using  his  telegraph  was 
as  follows : — At  the  first  station,  which  was  on  the  roof  of  the  palace  of  the 
Louvre,  at  Paris,  M.  Chappe,  the  inventor,  received  in  writing,  from  the  Com- 
mittee of  Public  Welfare,  the  words  to  be  sent  to  Lisle,  near  which  the  French 
army  at  that  time  was.     An  upright  post  was  erected  on  the  Louvre,  at  the  top 
of  which  were  two  transverse  arms,  movable  in  all  directions  by  a  single  piece 
of  mechanism,  and  with  inconceivable  rapidity.     He  invented  a  number  of 
positions  fo:  these  arms,  which  stood  as  signs  for  the  letters  of  the  alphabet ; 
and  these,  for  the  greater  celerity  and  simplicity,  he  reduced  as  much  as  possible. 
The  grammarian  will  easily  conceive  that  sixteen  signs  may  amply  supply  all 
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the  letten  of  the  alphahet,  tioce  fame  letten  may  be  omitted,  not  only  without 
detriment,  but  with  advantage.  Thete  agns,  at  they  were  arbitraij,  coold  be 
changed  every  week ;  eo  that  the  lign  of  fi^  for  one  day,  might  be  die  ngn  el 
M,  the  next ;  and  it  was  only  necessary  that  the  persona  at  the  eztiemiti« 
should  know  the  key.  The  intermediate  operators  were  only  instructed  gene- 
rally in  these  sixteen  signab ;  which  were  so  distinct,  so  miurfced,  so  di&rent, 
the  one  from  the  other,  that  they  were  easily  remembered.  The  oonstmction 
of  the  machine  was  such,  that  each  signal  was  uniformly  given  in  ptecisely  the 
same  manner  at  all  times ;  it  did  not  d«^d  on  the  operator's  w**""*^  alpH ; 
and  the  position  of  the  arm  could  never,  for  any  one  signal,  be  a  dagne  higher, 
or  a  degree  lower, — its  movement  being  regulated  mechaniadly.  11.  Chappe, 
having  received  at  the  Louvre  the  sentence  to  be  conveyed,' gave  «  known 
signal  to  the  second  station,  which  was  Mont  Martre,  to  prepare.  At  each 
station  there  was  a  watch-tower,  where  telescopes  were  fixed,  and  the  person 
on  watch  gave  the  signal  of  preparation  which  he  had  received ;  and  thia  com- 
municated successively  through  all  the  line,  which  Inought  them  all  into  a  state 
of  readiness.  The  person  at  Mont  Martre  then  received,  letter  by  letter,  the 
sentence  from  the  Louvre,  which  he  repeated  with  his  own  machine ;  and  this 
was  again  repeated  from  the  next  height,  with  inconceivable  noidity,  to  the 
final  station  at  Lisle.  The  first  description  of  the  tel^raph  waa  broogfat  frmn 
Paris  to  Frankfort-on-the-Maine,  by  a  former  member  of  die  Pteliament  of 
Bourdeaux,  who  had  seen  that  which  was  erected  on  the  mountain  of  Belville. 
As  given  by  Dr.  Hutton,  it  is  as  follows : — 


a  a  is  a  beam  or  mast  of  wood,  placed  upright  on  a  rising  ground,  which  ia 
about  fifteen  or  sixteen  feet  high.  6  i  is  a  beam  or  balance,  moving  upon  the 
centre  a  a.  This  balance-beam  may  be  placed  verticallv,  or  horizontally,  or 
anyhow  inclined,  by  means  of  strong  coras,  which  are  fixed  to  the  wheel  d^ 
on  the  edge  of  which  is  a  double  groove,  to  receive  the  two  cords.  This  balance 
is  about  eleven  or  twelve  feet  lon^,  and  nine  inches  broad,  having  at  the  ends 
two  pieces  of  wood  e  c,  which  likewise  turn  upon  angles,  by  means  of  four 
other  cords  that  pass  through  the  axis  of  the  main  balance— otherwise,  the 
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balance  would  derange  the  cords ;  the  pieces  C  are  each  about  Ihree  feet  long, 
and  may  be  placed  either  to  the  right  or  left,  straight  or  square,  with  the 
balance-beam.  By  means  of  these  three,  the  combination  of  movement  is  very 
extensive,  remarkably  simple,  and  easy  to  perform.  Below  is  a  small  wooden 
hut,  in  which  a  person  is  employed  to  observe  the  movements  of  the  machine. 
On  the  eminence  nearest  to  tnis,  another  person  is  to  repeat  these  movements, 
and  a  third  to  write  them  down.  The  time  taken  up  for  each  movement  is 
twenty  seconds,  of  which,  the  motion  alone  is  four  seconds ;  the  other  sixteen 
the  machine  is  stationary.  Two  working  models  of  this  instrument  were  exe- 
cuted at  Frankfort,  and  sent  by  Mr.  W.  Playfair,  to  the  Duke  of  York ;  and 
hence,  the  plan  and  alphabet  of  the  machine  came  to  England. 

Various  experiments  were  in  consequence  tried  upon  telegraphs  in  this 
countnr ;  and  one  was  soon  after  set  up  by  government,  in  a  chain  of  stations 
from  the  Admiralty-office  to  the  sea  coast 

This  telegraph  consisted  of  six  octagonal  boards,  each  of  which  was  poised 
upon  a  horizontal  axis  in  a  frame  that  surrounded  it,  in  such  a  manner  that 
each  octagonal  board  might  be  placed  either  with  its  flat  side  towards  the  spec- 
tator, or  edgeways,  when  the  board  became  invisible  owing  to  the  distance..  An 
officer's  cabin  was  placed  underneath,  provided  with  a  telescope  pointed  to  the 
next  station.  By  a  simple  mode  of  working,  these  six  boards  made  36  changes, 
which  are  adequate  for  all  occasions.  Experience  has  shown  that  this  plan  of 
telegraph,  which  was  deemed  at  the  time  of  its  introduction  to  be  an  improve- 
ment upon  the  design  of  M.  Chappe,  previously  described,  was,  in  reality,  in- 
ferior to  it  in  simplicity  and  clearness ;  consequently  the  latter  has  been  since 
adopted  by  the  British  government,  under  such  improved  modifications  as 
great  practical  conversancy  in  the  subject  must  necessarily  produce. 

There  is  probably  no  subject  which  has  exercised  more  of  the  ingenuity  of 
scientific  men  than  that  of  telegraphic  communication ;  and  we  are  convinced 
that  a  description  of  the  various  schemes  for  that  object,  would  alone  fill  a  volume 
hke  the  present  We  shall  therefore  confine  our  notice  to  a  very  few  of  them  ; 
and,  in  preference,  to  such  as  are  upon  a  totally  different  principle  firom  each 
other. 

Telegraphic  communication,  (the  ingenious  Mr.  Yallance  observes,)  has 
hitherto  been  a  mean  of  intercourse  that  was  serviceable  only  daring  those 
portions  of  the  enlightened  half  of  the  twenty-four  hours,  when  clear  weather 
admitted  of  uninterrupted  vision  for  a  distance  of  about  ten  miles.  It  has  been 
frequently  proposed  to  remedy  this  disadvantage,  (so  far  as  related  to  the  absence 
of  light,  that  is,)  by  nocturnal  telegraphs ,  for  the  lamps  of  which,  gas  seemed 
so  admirably  adapted.  But  as  this  would  do  nothine^  towards  lessening  the  in- 
terruption which  wet  and  foggy  weather  occasion,  it  has  not  been  thought  worth 
while  to  incur  the  expense  of  it ;  and  as  it  has  also  been  supposed  impossible 
that  these  interruptions  could  be  obviated,  we  have  sat  down  under  the  impres- 
sion, that  communications,  rapid  as  are  those  of  the  telegraph  under  favourable 
circumstances,  must  remain  dependent,  to  a  degree  that  would  ever  prevent  the 
principle  firom  being  rendered  available  to  the  purposes  of  commercial  and  do- 
mestic communication.  But  this  impression  is  erroneous, — there  bein^  a  well 
known  principle,  by  the  aid  of  which  information  may  be  communicated  equally 
well  during  clarkness  and  the  most  foggy  weather,  as  in  daylight  and  clear  wea 
ther.  The  putting  of  this  principle  into  execution,  will  of  course  be  incompar- 
ably more  expensive  than  laying  down  a  line  of  telegraphs ;  but  as  the  revenue 
it  may  be  made  to  bring  in  will,  (to  use  M.  Dupin's  observation  relative  to  our 
domestic  policy,)  render  this  expenditure  but  an  additional  instance  of  that  *'  eco- 
nomy, well  understood,  which  knows  how  to  make  sacrifices  bordering  almost  on 
prodigality,  in  order  to  reap  afterwards,  with  usury,  the  finits  of  its  advances," 
the  amount  of  it  in  no  wise  diminishes  the  attention  the  principle  deserves. 

'*  It  has  long  been  known,"  adds  Mr.  Vallance,  **  that  an  incompressible 
liquid,  confined  in  a  pipe,  might  be  caused  to  move  through  the  whole  length 
of  that  pipe,  by  operating  on  it  at  either  end,  whether  the  pipe  was  one  mile  or 
one  hundred  miles  long.  (It  was  proved  by  Bossuet,  for  a  distance  of  three 
miles,  about  half  a  century  ago.)  But  although  this  has  long  been  known, 
and  aJthough  it  offers  a  mean  of  symbolic  intercourse  which  would  alike  be  inde* 
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peadent  both  of  darkn^si  an  i  d  xidr  diTi»  ret  it  ku  beea  imtkoaitbt  of  ■.«  • 
principle  of  instanumcocis  truuminiaii.''  ITie  mode  fu|inM.d  hj  Mr  Ttllinri. 
of  earning  the  principle  into  practiee,  ma j  be  tlaia  bricny  nplamcd, 

A  pipe  of  small  cabbre  is  to  be  laid  from  one  to  tbe  other  of  cba  pl*f*«^  be- 
tween which,  (mm  hitherto  termed.)  telegraphic  commaaieatkNi  it  to  be  misi>^^ 
Tbii  pipe,  (ei&ctoallj  lecored  against  leakagca,)  b  to  be  kepc  eooMantlj  fiQcd 
with  water,  by  apparatus  which  both  cmpciea  it  of  air  and  enaids  againi<  (or  raiher 
eoanteracto>  contraction  and  expannoo.     Each  end  of  Um  prpe  ia  oonncctcd  to 
apparatus,  which  will  cause  an  j  morement  of  the  water  inside  it,  to  act  «ia  and 
move  a  hand.    Tbb  hand  maj  point  oat  and  indicate  letten,  dr  nmnbcn,  or 
words,  painted  on  a  dial  plate ;  though  it  will  be  better  to  cause  it  to  indicate 
them  when  placed  in  a  line.     In  comiezioa  with  telegraphic  apparatns,  is  al- 
ways understood  a  Toeabulaiy,  connecting  the  srinbois  with  certain  meanings^ 
Tbe  principle  of  this  method  will  admit  of  either  letters,  nnmbers^  words,  or  sen- 
tences, being  used.  Haring  thus  explained  the  principle  of  Mr.  Vallance's  plan, 
we  must  refer  the  reader  for  the  details  of  it  to  a  pamphlet  by  the  anthor, 
published  by  Wightman,  London,  1825,  entitled,  DeaeripHom  ef  m  MeiMwi  of 
Teleffrapkic  Commwueaiicn.     A  variety  of  suggestions  for  the  employment  of 
the  electric  fluid  acting  upon  wires  extended  ftom  the  places  in  commtuucatiotiy 
hare  been  made  from  time  to  time.     In  one  of  these  the  intellieence  is  commu- 
nicated by  means  o(  sound,  produced  by  the  collision  of  bodies  m  opposite  states 
of  electricity ;  these  bodies  consist  of  a  series  of  small  balls,  suspended  at  the 
extremities  of  metallic  conductors  by  slender  chains,  and  a  series  of  nombered 
bells  hung  within  their  upace  of  action.     The  antbor  of  this  plan,  who  is  an 
anonymous  contributor  to  a  scientific  journal,  illustrates  hia  proposed  scheme 
by  the  following  example : — 

'*  Let  a  metallic  wire,  coated  with  a  non-conducting  substance,  be  extended 
under  ground  Wiween  any  two  given  places,  which,  for  the  sake  of  experiment, 
may  be  two  separate  apartments  in  the  same  house ;  one  of  which  may  be  de- 
nominatrd  A,  and  the  other  B.  In  the  apartment  A  place  an  electrical  machine, 
and  to  the  extremity  of  the  wire  in  B  a  little  ball,  suspended  by  means  of  a  very 
slender  chain,  within  whose  sphere  of  action  there  is  a  common  belL  Now, 
by  connecting  the  wire  in  A  with  the  conductor  of  the  machine,  the  electiic 
fluid  will  pass  instantaneouslv  alon^  it,  and  charge  the  hall  in  B,  through  the 
medium  of  its  litde  chain,  wnich  flies  ofl*  immediately  to  the  uninsulat^  beD, 
to  discharge  its  surplus  of  electric  matter,  and  recover  its  equilibrium.  Tbe 
force  by  which  it  is  attracted  or  impelled  towards  the  bell  is  quite  suflident  to 
produce  the  sound  required ;  it  is  an  experiment  wliich  1  have  often  made,  and 
with  invariable  success.  Let  this  bell  be  numbered  I,  and  have  a  series  of  them 
up  to  10,  with  separate  and  distinct  metallic  conductors,  it  is  evident  to  a  de- 
monstration tliat,  by  a  combination  and  the  successive  excitement  of  these  sim- 
ple numbers,  tJie  whole  of  those  at  present  made  use  of  in  our  most  improved 
telegraph  and  signal  books,  together  with  their  corresponding  meanings,  may 
be  convevcd  from  the  apartment  A  to  B  with  the  greatest  accuracy,  and  with 
the  speed  of  thought 

**  'i'hus,  by  this  simple  and  inexpensive  means,  (by  two  electrical  machines 
and  a  double  series  ol  wires  with  their  appendages,)  say  between  Portsmouth 
or  Plymouth  and  London,  news  of  the  greatest  political  iinportance  may  be  <x»n- 
veyed  in  a  few  minutes,  by  a  gentleman  connected  with  the  apparatus  at  either 
of  these  places;  he  has  only  to  excite  the  wires  which  correspond  to  each  in- 
dividual number  of  tlie  telegraph  made  to  him  by  the  common  flag  signals, 
which  will,  in  almost  the  same  instant  of  time,  aflect  their  corresponding  in 
London,  and  give  the  necessary  intelligence  in  a  series  of  numbers,  whoae  s^^m- 
bols  will  be  found  by  referring  to  the  signal  books  now  in  use. 

Domfttic  telegraphs  (which  are  now  very  common)  are  designed  to  prevent 
the  trouble  of  calling  for  certain  articles  in  a  dwelling-house,  and  to  dispense 
with  one-half  of  tlie  journeys  of  the  servants  in  answering  bells.  They  are  made 
in  a  variety  of  ways,  but  usually  consist  of  two  circular  mdexes  or  dials,  equally 
divided  into  a  given  number  ot  parts,  and  marked  on  these  divisions,  witn  the 
names  of  such  things  or  necessaries  as  are  generally  wantea  in  a  house,  such  as 
dinner,  tea,  supper,  coals,  lights,  carriage,  horse,  &c.    These  indexes  exactly 
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oorretpond,  and  are  provided  with  hands,  the  axes  of  which  paM  through 
pulleys  of  equal  diameter ;  a  wire  or  chain  extends  from  the  pulley  of  one  of 
them,  fixed  in  the  sitting  room,  to  another  fixed  in  the  kitchen,  or  servanta'  hall. 
The  pulley  of  the  latter  contains  a  spring,  and  that  of  the  former  a  ratchet 
wheel  and  catch,  so  that  if  the  hand  of  the  sitting  room  index  be  turned,  it 
also  turns  that  of  the  servants'  room  an  equal  portion  of  a  revolution,  and 
thereby  points  to  the  same  word.  The  pull  is  lifted  ofi*  the  ratchet  after  it  if 
used,  by  touching  a  pin,  when  the  spring  in  the  other  pulley  draws  the  chain  or 
wire  round  it,  and  so  returns  both  the  hands  to  their  original  place  at  o.  The 
attention  of  the  servant  is  called  by  the  ringing  of  a  bell. 

TELESCOPE.  An  optical  instrument,  employed  for  discovering  and  view- 
ing distant  objects ;  or  which  magnifies  their  natural  appearance,  by  represent- 
ing them  under  a  larger  angle  than  that  under  which  they  appear  to  the  naked 
eye.  Telescopes  are  divid^  into  two  general  kinds,  refraeUng  and  refiecUng. 
A  rejractmg  telescope  consists  of  different  lenses,  through  which  the  objects  are 
seen  by  rays,  refracted  by  them  to  the  eye.  A  riding  telescope,  besides  lenses, 
has  a  metallic  speculum  within  its  tube,  by  which  the  rays  proceeding  from  an 
object  are  r^cted  to  the  eye. 

The  principal  effect  of  telescopes  depends  upon  this  rule,  that  obiects  appear 
large  or  small,  in  proportion  to  the  angle  which  they  subtend  to  the  eye ;  and 
the  effect  is  the  same,  whether  the  pencils  of  rays,  by  which  the  objects  are 
rendered  visible  to  us,  come  directly  from  the  objects  themselves,  or  horn  any 
point  nearer  to  the  eve,  where  they  may  have  been  united,  so  as  to  form  an 
image  of  the  object ;  because  they  issue  again  in  certain  directions  from  those 
points,  where  there  is  nothing  to  intercept  them,  in  the  same  manner  as  they 
did  from  the  corresponding  points,  in  the  objects  themselves.  In  fact,  there- 
fore, all  that  is  effected  by  a  telescope,  is,  first,  to  make  an  image  of  a  distant 
object,  by  means  of  a  lens  or  mirror,  and  then  to  give  the  eye  some  assistance 
for  viewing  that  image  as  near  as  possible ;  so  that  the  angle  which  it  shall 
subtend  to  the  eye,  may  be  very  large,  compared  with  the  angle  which  the 
object  itself  would  subtend  in  the  same  situation  to  the  naked  eye.  This  is 
effected  by  means  of  an  eye-glass,  which  so  refracts  the  pencils  of  rays,  that 
they  may  afterwards  be  brought  to  their  several  fo€ij  by  the  humours  of 
the  eye. 

The  forms  of  refracting  and  reflecting  telescopes  have  been  frequently  varied, 
and  they  are  sometimes  distinguished  by  the  names  of  their  inventors,  as  the 
Galilean,  and  the  Newtonian  telescope ;  sometimes  by  the  particular  use  for 
which  they  are  best  adapted,  as  the  **  land  telescope,"  the  "  night  telescope," 
the  **  attranomieal  telescope,"  &c. 

The  astronomical  telescope  consists  of  two  convex  lenses,  A  B.  K  M,  each 
fixed  at  the  extremiW  of  a  different  tube.  One  of  the  tubes  b  very  short,  as  its 
use  is  merely  to  adjust  the  focus  in  proportion  to  the  distance  of  the  object 
viewed,  and  it  slides  within  the  other.  Contrary  to  the  arrangement  which 
takes  place  in  the  microscope,  the  glass  which  has  the  longest  focus,  is  presented 
to  the  object,  and  therefore  constitutes  the  object-glass.  P  R,  respresents  a  very 
distant  object,  from  every  point  of  which  rays  come,  so  very  little  diverging  to 
the  object-lens  K  M  of  the  telescope,  as  to  be  nearly  parallel :  pr,  ia  the  picture 
of  the  object  P  R,  which  would  be  formed  upon  a  screen  situated  at  that  place. 
Beyond  that  place,  the  rays  of  every  single  radiant  point  proceed  divergently  to 
the  eye-glass  A  B,  of  greater  convexity,  and  which  causes  the  rays  of  each  pencil 


to  become  parallel,  in  which  direction  they  enter  the  eye  at  O.  Tlie  axes  of  the 
two  lenses  are  coincident  in  the  direction  Q  L  O ;  L  jr,  is  the  focal  distance  of 
the  object-glass,  and  Eg,  is  the  focal  distance  of  the  eye  glass;  coivequently, 
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the  diiianip  bftwpcn  [hp  Iwo  ^InuM  ii  equal  to  the  sum  of  their  Co 
An  object  Tiewrd  llinnieli  Ihri  telneope.  by  an  cje  sitiiDled  at  O,  will  ffv 
■iuf^ilii<d  and  distinct,  but  ioverted.  The  cAijecl  *Mfi  wittiinit  the  tekaeow, 
will  be,  Id  iti  appcuance,  tlirough  the  telMeotie,  u  j  R  to  o  L  ;  lliol  h,  ••  tW 
focal  di)lance  of  tlie  «ye-glus,  to  the  I'ocul  dittsnce  oT  the  Dbjeel-ela»,  Fef  iLe 
pencili  of  ray  I,  which,  nftoT  their  enunng  at  rjp,  piotied  Aa-rtrgeatiy.  liUI 
upon  the  Una  A  11,  in  tin  lame  manner  aa  if  ■  real  object  were  iIliMIiJ  ■! 
r qp:  and  conieiiuenily,  after  paoinf  through  Chat  leni,  the  rajs  of  each 
iiencil  iirocf.ed  panlleL  To  the  eyt  at  O,  the  apparent  mwnliude  of  the  abject 
1'  H,  i>  mrriuured  by  the  angle  B  O  A,  or  by  ila  equal  ji  t,-.  bat,  U  the  oaLnl 
eye  at  L,  when  the  e1a»  ii  removed,  the  Hp|>nrelit  magnitude  of  tlie  object  ii 
meuured  by  the  nn^  P  L  R,  or  by  ita  equal  r  L  p  ;  (herefore,  the  appomit 
magnitude  lo  tlia  naked  ej-e,  ia  to  the  appareiil  mognitndc  lliroueh  l)>e  teUxmpe, 
aa  the  angle  r  L  p,  ia  Eu  the  angle  ;>  E  r ;  or,  m  the  dtitance  jf  E,  is  to  the 
diaunoe  q  L. 

If  the  angln  r  L  p,  and  v  E  r,  were  equal  to  each  other,  the  teleaoope  woaiM 
noi  DiagDiJy,  and  tfa^  would  be  equal,  if  the  leuiea  were  of  equal  focal  di>Uc«r. 
Hence,  ai  the  msgnifyiug  power  of  the  telescope  ia  produced  by  miiUiw  |ne 
focal  dittance  of  the  eye-^au  lesa  tlian  thai  of  the  olgect-gliiii,  it  will  easdV  be 
perceifed,  that  the  greater  the  difference  of  the  focal  lengtba,  the  greater  wIU  be 
the  msgni^^  |iaweT.  It  ia  found,  howcTer,  thai  they  may  be  ao  diapnipc*^ 
tionale.  that  tbe  increaaed  magnifyiug  power  ii  overbalanced  by  the  inifuunct- 
neu  which  eniuei.  In  order,  therefore,  to  obtain  a  great  magnifyiug  power 
with  the  preservation  of  jtut  proportion,  theae  tclescopei  have  aometiDiea  been 
made  one  hundred  feet,  or  upwarda,  in  len^h ;  and,  ta  they  were  mostly  used 
for  aitronomicol  purpoaea,  they  were  frequently  used  without  a  lube.  Tlie  otject 
lent  was  fixed  on  the  top  of  a  pole,  in  a  frame  capable  of  being  moved  by  a 
cord  or  wire,  in  any  required  direction,  and  the  eye-glaii,  fixed  in  s  abort  tube, 
wsi  held  iu  the  boiw,  or  fitted  to  another  frame,  about  the  height  of  the  ulraerrci, 
ao  tu  to  be  cuable  of  a  siraullaneoua  movement.  A  leleaeope  of  thta  descrip- 
tion WBB  called  an  olriaf  leleacope-  Ita  uae  was  evidently  very  incommodiotia  ; 
but,  such  were  the  great  paini  taken  by  philoaopbcra,  in  exploring  the  «roDden 
which  even  the  imperfect  telescopei,  at  first  conatmcted,  promiaed  to  lay  open, 
that  with  «uch  an  initrument,  the  five  Balellilei  of  Salum,  and  many  other 
remarkable  objecta,  were  diicovered. 

The  length  of  common  refracting  teleaeopei  muai  be  mcreued  in  the  propoi. 
tlon  of  the  squara  of  the  increaae  of  tlieir  magnifying  power ;  lo  that,  in  onler 
to  magnify  twice  a>  much  a«  before,  witli  the  aame  degree  of  light  and  diatmd- 
neu,  the  tcleacope  must  be  k'ligthenvd  four  times :  and  to  magnify  iliree  time* 
M  much,  nine  timei.  On  tbia  accuuDl,  then*  unwieldy  lenglh,  when  ereat 
powen  are  deiired,  ia  unavoidable.  The  breadth  of  on  object-glasi  adda  naUiine 
to  the  magnifying  power;  for,  whatever  the  latter  may  be,  the  image  will  be 
equally  formed  St  the  distance  of  itafocul  length;  Iml  the  ir^dHiruof  the  image 
will  be  increaaed  by  the  breadth,  oa  a  greater  number  of  rsyi  will  then  diverge 
from  every  point  of  tlie  image. 

The  magnifyiog  power,  and  the  field  of  view,  of  ihia  leleaeope  may  be  !■- 
aeoaed  by  luing  two  plano-convex  lenw^  combined  to  oi  to  act  like  one  giMia  | 


and  nch  a  combinaliuu  ia  now  generally  emploved.     If  IWo  pit 
be  uied,  the  curvature  of  buili  conjobllj,  will  be  lew  than  tbi 
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smgle  lens  of  equal  magnifVtng  power ;  the  eombinatioo  tbetefinre  improv«t 
the  eye-gtass  of  a  telescope,  because  the  abernUaon  of  the  rays  paiHQg  throi^h 
it,  wul  be  less  than  throi^lh  a  tiogle  lens  of  die  same  focus.  Su|^ose  I  K  to 
be  a  plano-convex  lens,  of  which  the  focus  is  M  F,  so  that  an  object  pUced  at  P 
woula  be  seen  magnified  throogh  it.  If  another  kns  L  M,  he  plaoed  between 
the  first  lens  and  its  focus,  the  focus  of  the  rays  passing  thiougn  both  will  be 
shortened,  and  wiU  fall  at  about  the  distance /,  so  that^  vbeo  thus  combined, 
thev  will  act  like  a  single  lens  of  much  greater  cunratura.  Tha  telescope 
called  a  mghtrglau^  is  simplf  a  common  astronomicid  ttleaoope  with  tubei^  and 
made  of  a  short  length,  with  a  small  magnifying  power.  It  geneiaUy  magni- 
fies from  6  to  10  times.  It  is  used  by  navigators  at  nigbty  lor  the  purpose  of 
discovering  objects  that  are  not  very  disdnot,  such  as  vessels^  coaats^  rocki^  9sio* 
From  the  smailness  of  its  magnifviuf  power  it  admits  of  ]brge  glasses  being 
used,  and  consequently  has  a  weU-eolightened  field  of  view. 

The  astronomical  telescope,  bv  the  use  of  two  additkuml  eye^lasae^  ^wa 
objects  in  their  right  position,  and  become^  ^  terrutrial  or  land  telescope ;  and 
is  sometimes  call^  Avenpeathe  g\Bs»,  Ifiis  telescope  is  shown  by  the  follow- 
ing cut    The  rays  or  each  pencil  coming  firom  the  image  L  M,  of  the  object 


I  K,  emeige  parallel  from  the  lens  A  B,  and  having  crossed  at  its  focus  O,  they 
continue  in  that  direction  to  the  lens  E  F ;  in  cousequence  of  which  they  forni 
an  unage  S  T,  at  the  focus  of  the  second  lens;  and  again  diverging,  they  fall 
upon  the  third  lens  C  D,  in  the  same  manner  as  they  cUd  upon  the  the  lens  A  B ; 
therefore  after  their  emergence  from  this  last  lens,  they  M  parallel  upon  the 
eye  at  6.  But  as  the  last  image  S  T,  is  not  inverted  as  at  L  M,  but  in  the  same 
position  as  the  object  I K,  the  eye  sees  a  true  or  upright  picture,  as  if  the  rays 
bad  come  directly  from  the  object  The  last  lens,  or  the  one  nearest  the  eye, 
is  now  generally  made  of  two  plano-convex  lenses,  instead  of  a  double  convex 
one.  By  this  means,  all  the  best  terrestrial  telescopes  contain  four  lenses  in  the 
tube  next  the  eye. 

The  telescope  of  the  celebrated  Galileo  consists  of  a  convex  object-glass,  and 
a  concave  eye-elass,  as  represented  by  the  following  cut  The  distance  be- 
tween the  two  buses  is  less  Uian  the  focal  distance  of  the  ol^ect-glass ;  but  the 
concave  glass  is  situated  so  as  to  make  the  ra3rs  of  each  pencil  foil  parallel  upon 
the  eye,  as  is  evident  by  conceiving  the  rays  to  go  back  again  through  the 
eye-glass  towards  O :  £  O  being  the  focal  length  of  the  eye-glass.  The  field 
of  view  of  the  Galilean  telescope  does  not  depend,  as  in  those  with  convex 
glasses,  upon  the  size  of  the  eye-glass,  but  upon  the  breadth  of  the  pupil  of  the 
eye ;  because  the  lateral  pencils  of  rays  diverge  from  the  axis  of  the  eye-glass 
at  their  emergence  from  it  On  this  account,  the  eye  should  be  placed  as  near 
to  the  eye-glass  as  possible,  in  order  that  it  may  receive  the  greatest  number  of 


pencils.     No  nearness  of  the  eye,  however,  will  wholly  prevent  the  field  of  view 
from  being  more  confined  than  with  convex  eye-glasses  of  equal  curvature ;  but 
this  disadvantage  b  counterbalanced  by  the  valuable  property  of  superior  dis- 
tinctness. 
The  telescopes  which  we  have  hitherto  described  will  only  bear  a  small  iqper- 
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/lire,  widiout  ezhibitiog  cireubr  pritmatic  rings  of  colomty  which  are  detrimcDtil 
to  their  utility.  Two  cauies  contribute  tothn  efiect.  1.  Spherical  sur&oes  do 
not  refract  the  rays  of  light  accurately  to  a  point ;  and  2.  The  raym  of  compounded 
li^ht  being  differently  refrangible,  come  to  their  respective  force  at  oHfereot 
distances  mm  the  lens  ;  the  more  refrangible  rays  oooveiging  sooner,  of  coone, 
than  the  less  refrangible,  if  the  image  of  a  paper  painted  entirely  red,  be  cast, 
by  means  of  a  lens,  upon  a  screen,  it  will  be  formed  at  a  greater  distance  than 
the  image  of  a  blue  paper  cast  by  the  same  lens.  The  in^ge  of  a  white  object 
is  composed  of  an  indefinite  number  of  coloured  images,  tha  violet  being  the 
nearest,  and  the  red  the  farthest  firam  the  lens;  and  the  images  of  intermediate 
coloun  at  intermediate  distances.  The  whole  inutfe  is  therefore  in  some  degree 
confused,  though  its  extremities  are  most  so;  and  tms confusion  being  increased, 
not  only  by  the  magnifying  power  of  the  eve-glassy  but  also  by  the  dispersive 
power  which  it  has  m  common  with  the  objectrglass,  the  necessity  for  a  certain 
proportion  between  the  powen  of  the  object  and  the  eye-glass  becomes  indis- 
pensable 

Hie  late  Mr.  John  Ddland,  by  making  a  compound  lens  of  three  diflferent 
substances,  of  different  refrangible  powers,  the  rays  of  light  which  were  too  much 
dispersed  by  one  convex  lens,  were  brought  nearer  to  a  union  with  each. 
The  telescopes  made  with  an  object-glass  of  this  kind  are  now  commcmljr  used, 
and  are  distinguished  by  the  name  oi  achromatic  telescopes,  a  term  which  aignifies 
colourleu.  The  objectrglasses  of  Ddland  s  telescopes  are  composed  of  three  dis- 
tinct lenses,  two  of  which  are  convex,  and  the  other  concave.  The  achromatic 
effect  may  be  produced  by  the  union  of  one  convex  and  one  concave  lens,  but 
not  so  perfectly  as  with  three  lenses. 

The  impossibility,  however,  of  obtaining  perfectly  homogeneous  glass,  and  the 
consequent  failure  of  producing  that  complete  correction  of  the  aberration  of  the 
rays  of  light  in  the  telescopes  called  achromatic,  induced  Dr.  Blair  to  try  the 
effects  of  ^aM^ mediums;  and  his  success  was  such  as  to  induce  him  to  give 
the  term  apUmaiiCj  or  free  from  errors  to  the  object  lenses  he  thus  constructed. 
He  made  a  compound  lens,  consisting  of  a  plano-convex  of  crown  glass,  with 
its  flat  side  towards  the  object,  and  a  miniscus  of  the  same  material,  with  ita 
convex  side  in  the  same  direction,  and  its  flatter  concave  next  the  e^e;  and  the 
interval  between  the  lenses  he  filled  with  a  solution  of  antimony  in  a  certain 
proportion  of  muriatic  acid.  The  lens  thus  constructed  did  not  exhibit  the 
sligntest  vestige  of  any  extraneous  colour;  but  the  invention,  after  a  lapse  of 
more  than  twenty  years,  has  not  come  into  general  use,  probably  fit>m  the  diffi- 
culty of  preserving  any  fluid  from  growing  turbid  in  the  course  of  time. 

Of  reflecting  telescopes,  the  Gregorian  is  the  one  most  generally  used.  The 
construction  of  this  instrument  is  represented  below. 


At  the  bottom  of  the  tube  A  B  C  D,  is  placed  the  large  concave  reflector  kL 
with  a  circular  hole  through  the  middle  of  it,  in  the  direction  of  ita  axis. 
Within  the  tube  of  the  telescope,  and  directly  facing  the  perforation,  is  placed 
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the  imall  concave  speculum  g  A,  supportecl  by  the  arm  t.  Two  leuses,  1 1  and  q  q^ 
are  contained  in  the  eye-tube  L  M  N  O,  and  the  observer  applies  his  eye  to  a 
small  hole  at/,  in  order  to  view  the  magnified  image  of  the  distant  object  T  Z. 
The  large  reflector  k  I  receives  the  rays  from  the  distant  object,  and  reflects 
them  to  its  focus,  where  they  form  an  inverted  image  E  F.  Diverging  from  the 
points  of  union,  the  pencils  of  rays  proceed  onwards,  and  cross  eadi  other  a 
little  before  they  reacn  the  small  mirror  gh:  the  focus  of  which  is  at  »,  or  a 
little  further  from  the  hum  speculum,  than  its  principal  focus.  From  the  small 
mirror,  the  rays  are  reflected  somewhat  convergently,  and  in  that  state  are 
received  before  they  meet  a  plain  convex  lens  it,  By  the  action  of  this  lens, 
their  convergency  is  increased,  and  they  form  a  second  image,  a  b,  which  is 
erect  like  the  object  This  second  image  is  magnified  by  the  lens  q  q,  through 
which  the  rays  of  each  pencQ  pass  neany  in  a  parallel  curection  to  the  eye.  To 
exclude  all  extraneous  Wht,  the  eye  is  applied  to  a  small  hde,  and  sees  the 
image  under  the  angle  efd.  If  the  lens  t  i  were  removed,  the  image  would  be 
formed  somewhat  laiger  at  r,  but  the  area,  or  field  of  view,  would  be  smaller 
and  less  pleasant,  for  which  reason  it  b  not  usual  to  omit  the  second  lens.  In 
this,  and  other  reflecting  telescopes,  containing  two  curved  reflectors,  it  is 
necessary  to  hare  the  power  of  altering  the  distance  between  the  two  mirrors. 
This  is  usually  done  by  a  wire,  e  s,  passing  along  the  outside  of  the  tube  and 
with  a  screw  at  the  end  of  it,  which  works  in  an  external  projection  tcr,  of  the 
arm  t,  within  the  tube.  The  other  end  of  the  wire  passes  through  a  small  stud 
affixed  to  the  tube  of  the  telescope  at  m;  and  tne  observer,  whfle  looking 
through  the  hole  at/  turns  the  milled  head  p,  of  the  wire,  which  is  near  him« 
and  thus  regulates  the  distance  of  the  small  speculum,  as  he  finds  requisite. 
A  section  of  the  Newtonian  Reflecting  Telescope  is  shown  below. 


A  B  C  D,  is  the  tube,  which  is  open  at  the  end  A  B,  opposite  the  laise 
Bpcculum  n  o.  The  large  concave  speculum  n  o,  is  not  perforated  as  in  the 
Gregorian  telescope,  but  the  small  speculum  a,  is  set  aslant,  so  as  to  direct  the 
rays  received  from  the  large  speculum,  througn  an  aperture  ff,  at  the  side  of  the 
tube,  where  they  are  received  and  refracted  to  the  eye  by  a  lens  or  lenses  in  a 
tube  A.  The  specidum  y,  is  suspended  within  the  tube,  by  an  arm  p,  with  its 
centre  opposite  the  centre  of  the  speculum  no;  it  b  not  curved,  but  plane,  and 
has  therefore  no  other  eff*ect  than  that  of  changing  the  direction  or  the  rays. 
Without  the  small  reflector,  the  rays  from  the  larte  speculum  would  be 
converged  at  R,  and  the  observer  might  have  an  eve-glass  placed  to  view  the 
image  formed  there,  with  hb face  towards  the  speculum  no;  but  in  thb  case  hb 
head  would  intercept  the  greater  part  of  the  ravs,  unless  the  instrument  were 
very  large.  The  Newtonian  telescope,  as  first  described,  is  very  convenient  for 
viewing  objects  in  the  zenith ;  as  they  may  be  seen  while  the  observer  retains 
his  ordmary  position  of  looking  forward  horixontally. 

The  best  and  most  powerful  reflecting  telescopes,  however,  which  have  ever 
been  constructed,  are  those  of  Dr.  Herschel,  who  b  so  well  known  by  hb 
labours,  as  one  of  the  most  eminent  astronomers  of  the  present  day.  The 
largest  reflecting  telescope  made  by  Dr  Herschel,  b  forty  feet  in  length,  and 


iW  [inlMii  il  tartkee  ot  l!ic  )«rf^  «pe«iriuni  i*  fuui  fvol  in  iumittat 
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•Bfle  to  the  axie  of  the  lube,  the  isy*  may  be  dirc«ted 
miirer  the  tube,  where  the  spectator  may  be  placeil,  and 
dimn*M  or  the  imago  thrown  bv  the  large  mimit.  In  Dr.  Ueracltel'a  lun 
teleKopc,  the  cooTerging  raji  rettecled  by  the  mimn  pau  the  eztrennty  of  l£a 
tube,  at  ihc  distance  of  four  inches  from  it,  and  conie  into  tbe  sit ;  by  ttiii 
means  the  ob*ervrr  Karcely  nt  all  inlerfcns  with  llie  incident  ligttl,  la  the 
diameter  of  the  tube  exceeds  that  of  the  mirrw,  by  about  ten  inchea.  Tfaa 
miTTor  hax  a  nullifying  power  of  six  thousand  limes  the  diameter  of  an  o1ne«t. 

TELLURIUM.  A  metal  dt<icovered  by  Klaprolh  in  1708,  in  an  ore  of  goU 
from  Transylnuiia.  It  hsa  ■  silTer-white  colour,  and  poMeascs  mucb  brmiancj. 
Its  textnr«  is  laminated  like  antimony,  and  has  a  specific  grafilr  of  0.1 1&,  It 
il  very  brittle,  may  be  easily  reduced  to  powder,  and  melts  uat«mperaltm  a  liida 
l>^er  (ban  lead  docs,  if  the  heat  be  increased  a  little  abore  the  fuaiMg  potai^ 
ii  boils  and  evaporates,  and  attaches  itself  in  brilliant  drops  on  the  upper  pm. 
of  the  retort  in  which  the  eipcrtment  is  made  ;  it  is,  Ihu^ore,  nest  In  memay, 
and  arsenic,  the  mojt  volatile  of  tbe  metals.  It  combines  with  oxygen  ooly  tn 
one  propartion.  forming  therewith  a  compound  posacsiing  add  properties. 

TEMPERATURE.     Implies  that  degree  of  Mniible  beat,   which   >  body 
possesses  when  compared  with  other  bodies.     To  accurately  -  - 
deter    '  "    '  »>     -   -        -    ■  —  ... 


delem^ne  sucb  degree*  of  heat,  sc 


■ji  be  readily  comprehended,  tbermotnetcn 


A   term  derived  from  the  Latin,  i 


have  been  constructed  ;  in  which  some  universally  understood  degree  of  beat* 
I  that  of  boiling  water,  is  made  tlie  basis  of  the  ealculalion  for  all  oUiar 
mneraturea. 

TEMPEKING.     The  art  of  altering  the  existing  degree   of  elsstlcitT  in 
letals.     See  Uom. 

i-iiplyinE  the  property  «« 
pplicntion  to  that  f, 
nnicn  meiula  resist  tlieir  being  pulled,  or  turn  asunder ;  as  tbe  action  of  a  weight 
suspended  to  the  end  of  a  wire;  and  make  a  distinction  between  it,  uhI  Uia 
term  eoAeiioa,  which  of  course  implies  that  force  by  which  the  parts  of  bodiea 
cohere.  The  real  distinction,  if  any,  is  however  so  refined,  (bat  we  nay 
without  much  impropriety  treat  them  here  as  the  same  force. 

The  lenaaity  or  eotieiion  of  solids  is  measured  by  the  force  required  to  puB 
tliem  asunder;  and  authors  on  the  subject  in  general  agree,  that  it  may  b«< 
raiailaltd  from  the  trmurtnt  ttrength  of  the  bur  or  rod.  as  near,  or  perbapt 
nearer  (o  the  real  cobeuon,  than  can  be  obtained  by  pulling  tbe  body  aaundet ; 
but  we  find  that  this  assertion,  hnwever  correct  it  may  spppear  from  abstrsd 
rensoning,  is  at  variance  with  tbe  most  prominent  facts  derived  from  actual 
eiperimeJit,  and  given  by  the  same  authors.  By  the  experiments  of  Emenoi^ 
it  is  slated  that  a  wire  of  Iron,  one-tenth  of  an  inch  in  diameter,  requirea  a  (brca 
of  41jOibs.  to  pull  it  asunder ;  and  according  to  Rumford,  that  nn  inch  cylinder 
«r  rod  of  iron,  required  a  pull  of  63,32DlbB.  to  break  it.  Now  the  area,  or 
transrersa  section  of  the  inch  rod  is  7S5  ;  in  other  words,  it  contains  78  wire* 
af  one-tenth  of  an  inch  in  diameter ;  therefore  the  aggregate  strength 
of  the  78  wires,  ought  according  to  the  doctrine  laid  down,  to  be  equal 
lo  63,aS01bs. ;  but  7S  X  450,  make  only  35.100;  and  thus  il  appear*  thai 
ealoiilation  by  the  transverse  strength,  taking  the  wire  for  out  datum,  gives  ns 
b<il  little  more  tlian  half  the  teal  tenacity  of  the  inch  rod;  and  if  we  were  t« 
take  the  inch  rod  fui  out  datum  of  OBkulalioa,  we  find (78  ^  63.330  =  8)  !»); 


TENACITY.  775 

that  each  wire  should  suBtain  a  force  o£  81  libs.  Indeed,  rather  more  thao  this,  for 
we  are  further  told,  (and  we  do  nutdispute  its  general  accuracy,)  that "  the  cohesive 
force  of  metals  is  much  increased  by  wire-drawing,  rolling,  and  hammering." 
Such  iUuitratioiu  of  the  correctness  of  a  theory,  we  have  thought  it  necessary  to 
notice,  as  it  might  prove  of  very  serious  conse^juence,  were  an  engineer  (for 
instance)  to  construct  a  wire  bridge,  founded  upon  calculations  of  the  given 
transverse  strength  of  a  rod  of  iron.  His  onlv  security,  it  appears  to  us,  would 
be  to  prove,  himself  the  actual  tenacity  of  the  identical  material  he  employs, 
and  not  place  much  dependance  upon  the  experiments  of  others ;  for,  however 
judiciously  the  latter  may  have  been  conducted,  or  faithfully  detailed,  diere  is 
such  a  wide  dlflerence  in  the  results  of  experiments  made  upon  the  same 
nominal  material,  that  it  is  onl^  by  a  great  number  of  experiments  that  any 
useful  approximation  to  the  truth  can  be  obtained.  Mr.  John  Rennie,  who  has 
most  laudably  and  ably  exerted  himself  in  this  field  of  inquiry,  found  many 
such  discordant  results  as  those  we  have  detected.  In  a  paper  furnished  to  the 
Royal  Society,  that  engineer  states,  that  it  had  been  deduced  from  the  experi* 
raents  made  by  Reynolds,  that  the  power  required  to  crush  a  cubio  quarter  of 
an  inch  of  cast  iron  was  4l8,00(Hbs.  avoirdupois,  or  200  tons ;  whereas,  by  the 
average  of  thirteen  experiments  made  by  Mr.  Rennie,  in  cubes  of  the  same 
size,  the  amount  never  exceeded  1  0,39211m. ^=  not  5  tons  1 

The  desire  of  obtaining  some  approximation,  which  could  only  be  accom- 
plished by  repeated  trials  on  the  sub^ances  themselves,  induced  Mr.  Rennie  to 
undertake  the  following  experiments. 

The  apparatus  used  for  this  purpose  was  a  powerful  lever  of  the  second  class ; 
it  consuted  of  a  flat  bar  of  the  best  £ngluh  iron,  about  ten  feet  long,  one  of  the 
extremities  being  formed  into  a  rule-ioint,  by  which  it  was  attached  to  a  stout 
and  short  standard  of  wrought  iron,  that  was  bolted  to  a  massive  bed-plate  of 
cast  iron ;  the  hole  in  the  centre  of  4he  joint,  and  the  pin  which  formed  the 
fulcrum,  were  accurately  turned,  so  as  to  move  slowly  and  freely.  l*he  lever 
was  accurately  divided  on  its  lower  edge,  whidi  was  made  straight  in  a  line 
with  the  fulcrum.  A  point  or  division  was  selected,  at  five  inchea  from  the 
fulcrum,  at  which  place  was  let  in  a  piece  of  hardened  steeL  The  lever  was 
balanced  by  a  weight,  and  in  this  state  it  was  ready  for  operation.  But,  in 
order  to  keep  it  as  level  as  possible,  a  hole  was  drilled  through  a  projection  on 
the  bed-plate,  large  enough  to  admit  a  stout  bolt  easily  through  it,  which  again 
was  prevented  firom  turning  in  the  hole  by  means  of  a  tongue  fitting  into  a 
corresponding  groove  in  the  hole,  so  that,  in  order  to  preserve  the  level,  it  was 
only  necessary  to  move  the  nut,  to  elevate  or  depress  Uie  bolt,  according  to  the 
size  of  the  specimen.  But  as  an  inequality  of  pressure  would  stfll  arise,  from 
the  nature  of  the  apparatus,  the  body  to  be  examined  was  placed  between  two 
pieces  of  steel,  the  pressure  being  communicated  through  the  medium  of  two 
pieces  of  thick  leatner,  above  and  below  the  steel  pieces,  by  which  means  a 
more  equal  contact  of  surfaces  was  obtained.  The  s^le  was  hong  on  a  loop  of 
iron,  touching  the  lever  in  an  edge  only.  At  firat  a  rope  waa  used  for  the 
balance  weight,  which  indicated  a  friction  of  four  pounds,  but  a  chain 
diminished  the  firiction  one  half    Every  movable  centre  was  well  oiled. 

In  Mr.  Rennie's  experiments  on  the  cohesive  strength  of  cast  iron,  to  resist 
compression,  there  were  four  kinds  of  iron  used;  ma,  1.  Iron  taken  from  the 
centre  of  a  large  block,  whose  crystab  were  similar  in  appearance  and  mag- 
nitude to  those  evinced  in  the  fracture  of  what  is  usually  termed  gun-metfU. 

2.  Iron  taken  from  a  small  casting,  doee-grained,  and  «  a  duQ  grey  colour. 

3.  Iron  cast  horizontally,  in  bars  of  Uiree-eignths  of  aninch  square,  eight  inches 
long.  4.  Iron  cast  vertically,  same  size  as  last  These  castings  were  reduced 
equally  on  every  side,  to  one  quarter  of  an  inch  square ;  thus,  removing  the 
hard  external  coat,  usually  surrounding  metal  castings.  They  were  all  subjected 
to  a  gauge ;  the  bars  were  then  presumed  to  be  tolerably  unirorm.  The  weights 
used  were  of  the  best  kind  that  could  be  procured,  and,  as  the  experiment 
advanced,  smaller  weighta  were  used. 

As  we  have  not  space  for  detailing  the  particularf  of  each  ezperimant,  ve 
here  add  only  the  averse  results  of  £em. 


77«  TENACITY. 

TheexperimenU  on  cast  iron,  in  cubes  of  one-e^thof  an  inch, — specific  gravilj 
7.033,  gave  1439  Ibt.  avoirdupoii,  as  the  average  force  required  to  crush  them. 

On  specimens  of  the  same  uron,  one-eighth  m  an  inch  square*  and  one-fourth 
of  an  inch  long,  the  average  force  required  was  2116lht. 

On  specimens  of  the  same  thickness,  but  vaiyinfl;  in  length  from  one-half  of 
an  inch  to  one  inch,  the  average  result  was  1758  lot. 

On  cubes  of  a  quarter  of  an  inch  of  the  same  metal,  gave  9773  Iba.  as  the 
average  result 

On  one-fourth  of  an  inch  cubes,  made  from  horinmtal  casting!  of  specific 
gravity,  7.113  gave  10, 114  lbs.  as  the  average. 

On  one-fourui  of  an  inch  cubes,  vertical  castings,  specific  gravity  7.074,  the 
average  was  11,136  lbs. 

A  prism,  having  a  logarithmic  curve  for  iu  limits,  resembling  a  colamn,  (it 
was  one-fourth  of  an  inch  diameter,  by  one  inch  long,)  broke  with  6954  lbs. 

The  trials  on  prisms,  of  different  lengths,  one-fourth  and  one-half  horizontal, 
gave  9414  lbs. 

The  same,  vertical,  gave  9982  lbs. 

HorisonUd  castings,  varying  firom  three-eighths  to  six-eights  of  an  inch  ^  (, 
gave  an  average  of  8738  lbs. 

Vertical  ditto,  gave  8536  lbs. 

Ejcperimenlt  on  dfffererU  Meialt, 

lbs. 

I  X  i  cast  copper,  crumbled  with 7318 

fine  yellow  brass  reduced  j^  with  32131  lbs.  with.     .     10304 
wrought  copper    .     .     .     ^    .     .  3427t  .     .     •     .     .       6440 


cast  tin «   •     •     ^^ 966 


t» 


cast  lead    ..••.•••  j.....         483^ 


The  experiments  on  the  difilerent  metals  gave  no  satisfactory  results.  The 
difficulty  consists  in  assigning  a  value  to  the  different  degrees  of  diminution. 
When  compressed  beyond  a  certain  thickness,  the  resistance  becomes  enormous. 

ExperimetUi  on  the  SutpemUm  <^£an. 

'Vhe  lever  was  used  as  in  the  former  case,  but  the  metals  were  held  by  nippers. 
They  were  made  of  wrought  iron,  and  their  ends  adapted  to  receive  the  bars, 
which,  by  being  tapered  at  both  extremities,  and  increasing  in  diameter  from 
the  actuid  section,  and  the  jaws  of  the  nippers  being  confined  by  a  hoop,  con- 
fined both.  'Vhe  bars,  which  were  six  inches  long,  and  one  quarter  square, 
w«re  thus  fairly  and  firmly  grasped 

lbs. 

I  inch  cast-iron,  horiiontal . 1166 

I  ditto   ditto,  vertical 1218 

I  ditto  cast-steel,  previously  tilted 8391 

I  ditto  blister  steel,  reduced  per  hammer    ....  8322 

I  ditto  shear  steel     .     .    ditto 7977 

h  ditto  Swedish  iron .     .     ditto 4504 

I  ditto  English  iron  .     .     ditto* 3492 

*  ditto  haid  gun-metal,  mean  of  two  trials ....  2273 

I  ditto  wrought  copper,  reduced  per  hammer  .     .    .  2112 

I  ditto  cast  copper 1 192 

I  ditto  fine  yellow  brass 1 123 

I  ditto  cast  tin 296 

I  ditto  cast  lead 114 

EjperimenU  on  the  7\nst  of  {  inch  Bars^ 

To  effect  the  operation  of  twisting  off  a  bar,  another  apparatus  was  prepared. 
Tt  consisted  of  a  wrought-iron  lever,  two  feet  long,  having  an  arched  head  about 
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oue-dzth  of  a  circle,  of  four  feet  diameter,  of  which  the  lever  represented  the 
radius ;  the  centre,  round  which  it  moved,  had  a  square  hole  made  to  receive 
the  end  of  the  bar  to  be  twisted.  The  lever  was  balanced  as  before,  and  a  scale 
hung  on  Uie  arched  head ;  the  other  end  of  the  bar  being  fixed  in  a  square  hole 
in  a  piece  of  iron,  and  that  again  in  a  vice.  By  this  apparatus,  quarter  of  an 
inch  bars,  from  horizontal  castings,  were  twisted  with  weights  in  the  scale,  ave- 
raging 9  lbs.  15  ox.    The  vertical  castings  took  10  lbs.  10  ox.  as  an  average. 

Om  t^erent  Metals. 

lbs.  oz. 

Cast  steel 17    9  in  the  scale 

Shear  steel 17     1 

Blister  steal 16  11    . 

English  iron,  wrought 10    2 

Swedish  iron,  wrought 9    8 

Hard  gun-metal 5    0 

Fine  yellow  brass 411 

Copper,  cast     ...  45 

Tin 17 

Lead 10 

On  I\aUis  ofdijftretU  Lengths, — HorwmUd. 

lbs.  OS. 

I  by  I  long 7    3  weight  in  scale 

I  by  I  ditto 8     1 

I  by  1  inch  ditto 8    8 

Ver^cal. 

I  by  i  ditto 10    1 

I  by  f  ditto 8    9 

I  by  1  inch  ditto 8    5 

Horizontal  twists  of  quarter  of  an  inch  bars,  at  six  inches  from  the  bearing, 
took  an  average  of  9  lbs.  12oz.  in  the  scale. 

Twists  of  I  mM  square  Bars,  cast  horizontailtf, 

I 

qrs.  lbs.  oz. 

I  close  to  the  bearing 3    9  12  end  of  the  bar  hard. 

I  ditto 2  18    0  middle  of  the  bar. 

I  at  10  inches  from  bearing,  lever  in 

the  middle 1  24    0 

On  Ihists  of  d^ereni  Materials, 

These  experiments  were  made  close  to  the  bearing,  and  the  weights  were 
accumulated  in  the  scale,  until  the  substances  were  wrenched  asunder. 

lbs.  oz. 

Cast  steel 19    9  weight  in  scale. 

Shear  steel 17     1 

Blister  steel 16  11 

English  iron,  No.  1 10    2 

Swedish  iron 9    8 

Hard  gun-metal 5    0 

Fine  yellow  brass 4  11 

Copper 4    5' 

Tin 17 

Lead 10 

vou  II.  5  f 
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Ml$eeUaMe<mt  Experimenit  on  the  CruA  cf  1  cMe  mdL 

lbs.aToir 

Elm 1284 

American  pine 1606 

White  deal 1928 

English  oak,  mean  of  two  trials 3860 

Ditto,  of  iive  inches  long,  slipped  with 2572 

Ditto,  of  four  inches  long,  slipped  with 5147 

A  prism  of  Portland  stone,  two  inches  long 805 

Ditto,  statuary  marble 3216 

Craig  Leith 8688 

In  the  following  experiments  on  stones,  the  pressure  was  communicated 
through  a  kind  of  pyramid,  the  base  of  which  rested  on  the  hide  leather,  and 
that  on  the  stone.  The  lever  pressed  upon  the  apex  of  the  pyramid.  The 
cubes  were  of  one  and  a  half  inch. 

Spec.  grav.  lbs.  av. 

Chalk 1127 

Brick,  of  a  pale  red  colour 2.085  1265 

Roe-stone,  Gloucestershire 1449 

Red  brick,  mean  of  two  trials 2.168  1817 

Yellow-faced  baked  Hammersmith   pavioors  three 

times •  2254 

Burnt  ditto,  mean  of  two  trials      .......  3243 

Stourbridge,  or  fire  brick 3864 

Derby  gnt,  a  red  friable  sandstone 2.316  7076 

Ditto,  trom  anotlier  quarry 2.428  9776 

Killaly  white  freestone,  not  stratified 2.423  10264 

Portland 2.428  10284 

Craig  Leith,  white  freestone 2.452  12346 

Yor^hire  paving,  with  the  strata 2.085  12856 

Ditto,  against  the  strata 2.507  12856 

White  statuary  marble,  not  veined 2.760  13632 

Branley  Fall  sandstone,  near  Leeds,  with  strata  .    .  2.506  13632 

Ditto,  against  the  strata 2.506  13632 

Comish  granite 2.662  14302 

Dundee  sandstone  or  brescia,  two  kinds      ....  2.530  14918 

A  two-inch  cube  of  Portland 2.423  14918 

Craig  Lieth,  with  the  strata 2.452  15560 

Devonshire  red  marble,  variegated 16712 

Compact  limestone 2.584  17354 

Peterhead  granite,  hard,  close-grained 1 8636 

Black  compact  limestone.  Limerick 2.598  19924 

Purbeck 2.599  20610 

Black  Brabant  marble 2.697  20742 

Very  hard  freestone 2.528  21254 

White  Italian  veined  marble 2.726  21783 

Aberdeen  granite,  blue  kind 2.625  24556 

N.B. — The  specific  gravities  were  taken  with  a  delicate  balance,  made  by 
Creighton,  of  Glasgow,  all,  with  the  exception  of  two  specimens,  which  were  by 
accident  omitted. 

Remarks. — In  observing  the  results  presented  by  the  preceding  table,  it  wiU 
be  seen  that  little  dependence  can  be  placed  on  the  specific  gravities  of  stones, 
so  far  as  regards  their  cohesive  powers,  although  the  increase  is  certainly  in 
favour  of  their  specific  gravities.  But  there  would  appear  to  be  some  midefined 
law  in  the  connexion  of  bodies,  with  which  the  specific  gravity  has  little  to  do. 
llitiB,  statuary  nuurble  has  a  specific  gravity  above  Aberdeen  granite,  yet  a 
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cohetive  power  not  much  above  half  the  latter.  Again,  hardness  is  not  altogether 
a  characteristic  of  strei^^  inasmuch  as  the  limestones,  which  yield  readily  to 
the  scratch,  have  neverdieless  a  cohesive  power  approaching  to  granite  itself. 

ExperimenU  made  on  the  trantverte  ttram  of  Coat  BarSf  the  ends  loose. 

Weight  of    Distance  of 

the  bars  bearings 

lbs.  oz.  ft.  in.  lbs.  av. 

fiar  of  1  inch  square 12    6  3    0  897 

Ditto  of  1  inch  ditto 9    8  2    8  1086 

Half  the  above  bar 14  2320 

Bar  of  1  inch  square  through  the  dia- 
gonal       2    8  2    8  851 

Half  the  above  bar 14  1587 

Bar  of  2  inches  deep,  by  { inch  thick      9    5  2    8  2185 

Half  the  above  bar 14  4508 

Bars  8  inches  deep,  by  i  inch  thick     .    9  15  2    8  3588 

Half  the  above  bar 14  6854 

Bar  4  inches,  by  }  inch  thick    ...    9    7  28  3979 
Equilateral  triangies,'with  the  ansles  up 
and  down,  viz.,  with  the  edge  or 

angle  up 9  11  2    8  1437 

With  the  angle  down 9    7  2    8  840 

Half  the  first  bar 14  3059 

Half  the  second  bar 14  1656 

A  feather-edged  bar  was  cast,  whose 
dimensions    were  2  inches  deep 

by  2  wide,  edge  up 10    0  2    8  3105 

N.R — All  these  bars  contained  the  same  area,  though  differently  distributed 
as  to  their  forms. 

ExperimenU  made  on  the  Bar  of  4  inehee  deep  hy\  inch  thick,  by  giving  it 
different  forms,  the  bearings  at  2  feet  8  inches^  as  before. 

lbs. 

Bar  formed  into  a  semi-ellipse,  weighed  7  lbs 4000 

Ditto  parabolic  on  its  lower  ed^ 3860 

Ditto  of  4  inches  deep  by  }  inch  thick 3979 

Experiments  on  the  transverse  strain  of  Bars,  one  end  made  fast,  the  weight 
being  suspended  at  the  other^  at  2  feet  8  inches  from  the  bear  ing. 

lbs. 

An  inch-square  bar  bore 280 

A  bar  2  inches  deep  by  i  an  inch  thick 539 

An  inch  bar,  the  ends  made  fast 1173 

The  paradoxical  experiment  of  Emerson  was  tried,  which  states,  that  by 
cutting  off  a  portion  of  an  equilateral  triangle,  (see  page  114  of  Emerson's 
Mechanics,)  the  bar  is  stronger  than  before ;  that  is,  a  part  stronger  than  the 
whole.  The  ends  were  loose  at  two  feet  eight  indies  apart,  as  before.  The 
edge  from  which  the  part  was  intercepted  was  lowermost;  the  weight  was  ap- 
plied  on  the  base  above;  it  broke  with  1129  pounds,  whereas  in  the  other  case 
it  bOre  only  840  poimds. 

lbs. 

A  wire  of  one-tenth  inch  diameter  of  Lead  breaks  with     .        29}»  Emerson. 

Do.  do.  Hn  do.  .        49i       „ 

Do,  do.  Copper     do.  299{       „ 

Do.  do.  Brau      do.  360         „ 
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A  wire  of  one-teoth  inch  dimmeter  of  Siher  breaki  with  370    Emenon. 

Do.  do.  Jrom         do.  •       450  „ 

Jlound  bar,  1  inch  do.  „  da  .  63320   Rumford. 

The  relative  cohesive  strength  of  the  metab  are^  according  to  SickeDgen,  aa 

follow : — 

Gold 150,955 

Silver 190,771 

Platina 262,361 

Copper 304,696 

Soft  Iron 362,927 

Hard  Iron 559,880 

But  their  hardness,  according  to  Cavallo,  follows  this  order,  vis.,  Iroo,  Pla- 
tinum, Copper,  Silver,  Gold,  Tin,  Lead. 

Banks  observes  that  iron  is  about  four  times  as  strong  as  oak,  and  mix  times 
as  strong  as  deal.  Wood  is  from  seven  to  twenty  times  weaker  transversely 
than  longitudinally.     It  becomes  stronger  both  ways  when  dry. 

TENON.  The  end  of  a  bar  of  metal  or  piece  of  wood  reduced  in  its 
dimensions,  so  as  to  fit  a  hole  in  another  piece,  called  a  mortise,  and  thus 
joining  the  two  together. 

TENSION.  Is  the  state  of  a  thing  stretched;  this  term  is  much  used  by 
engineers  to  express  the  tenacity  of  metals  and  other  substances,  when  pulled  in 
the  direction  of  their  length  ;  tnus  a  wire  of  one-tenth  of  an  inch  in  diameter, 
is  said  to  be  capable  of  resisting  a  tension  of  450  pounds. 

TENTER,  trier,  or  prover,  a  machine  or  frame,  used  in  the  cloth  manufac- 
tory, to  stretch  out  the  pieces  of  cloth,  and  make  them  set  even  and  square.  It 
is  usually  about  41  feet  high,  and  for  length  exceeds  that  of  the  longest  piece  ol 
cloth.  It  consists  of  several  long  square  pieces  of  wood,  placed  like  those 
which  form  the  barriers  of  a  menage;  so,  however,  as  that  the  lower   crvMS 

Eieces  of  wood  may  be  raised  or  lowered,  as  is  found  requisite,  to  be  fixed  at  any 
eight,  by  means  of  pins.  Along  the  cross  pieces,  both  the  upper  and  the 
lower  one,  are  numerous  sharp  hooked  nails,  called  tenter-hooks,  on  which  the 
selvages  of  the  cloth  are  hooked. 

TESSELLATED  PAVEMENTS.  Pavements  of  different  coloured  stones, 
tile:*,  or  brick,  laid  chequer-wise,  or  like  dice  (tesselse.)  The  term  tessellated  is, 
however,  extended  to  all  kinds  of  mosaic  patterns  or  designs. 

TEST.  Any  solid  or  fluid  body,  which,  added  to  a  substance,  teaches  us  to 
distinguish  its  chemical  nature  or  composition. 

THEATRE.  An  edifice  or  great  room  for  the  public  exhibition  of  scenic 
representations,  the  performance  of  the  drama,  of  concerts,  the  deliveiy  of  scien- 
tinc  lectures  and  demonstrations,  &c.  Considering  that  the  description  of  a 
theatre  for  the  latter  purpose  will  not  be  out  of  place  in  this  work,  and  be  ac- 
ceptable to  our  readers,  we  shall  here  annex  an  account  of  the  lecture  theatre 
of  the  London  Mechanics'  Institution ;  which  may  serve  the  pm^ose  of  a  model 
whereon  similar  undertakings  may  be  constructed  and  arranged,  making  such 
alterations  and  modifications  as  will  better  adapt  them  to  other  circumstances. 

The  front  of  this  institution  is  a  large  dwelUng-house,  situated  in  Southamp- 
ton Buildings,  at  the  comer  of  Staples  Inn,  in  Holborn;  the  lower  rooms  of 
which  are  employed  for  the  library,  reading-rooms,  apparatus  rooms,  laboratory, 
&c«,  and  the  upper  as  the  private  apartments  of  the  Secretary.  The  theatre  is 
an  entirely  new  structure,  built  at  the  back  of,  and  in  connexion  with,  the 
house.  The  first  stone  of  the  theatre  was  laid  on  the  2d  December,  1824,  by 
Dr.  Birkbeck,  the  munificent  patron  and  enlightened  president  of  the  insti- 
tution, and  it  was  opened  for  use  on  the  8th  of  July,  1825. 

The  annexed  Fig.  1  exhibits  a  plan  of  the  ground  floor  of  the  whole  building, 
on  a  scale  of  1  inch  to  20  feet 

The  doors  in  front  of  the  house  in  Southampton  Row  arc  represented  at  D. 
O,  office.     H,  hall  and  principal  staircase.     R  R,  reading*room  for  the  accomo- 


dstion  of  the  member^  lunilicd  with  all  the  periodical  JouniBli  and  miewt, 
and  where  all  the  books  in  the  library  may  be  penned.  L,  the  Hbrarj,  contain- 
ing upwaidi  of  5000  Tolnmcf;  including  ahnnt  ewety  work  of  n 
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■aence  and  literature,  which  nuiir  either  be  cooioked  in  the  rfding  ream,  m 
taken  home  by  the  memben.  A  R,  ante-roon  to  theatre.  E,  prioGqaal  entrasee 
from  the  house  into  theatre.  #  e,  aide-entrancea  into  theatre.  T,  the  theatre^ 
bounded  by  a  wall  it  v  v,  of  a  hone-thoe  form.  G  G  G  are  the  aeata  appro- 
priated to  the  members  in  general  C  are  those  allotted  exclusively  to  memben 
of  the  committee ;  and  V,  those  for  the  aoconunodation  of  honoraxr  me mben, 
and  visitors.  N  is  the  entrance  into  the  theatre  firom  Northumberland  Gniit; 
and  M  is  that  leading  from  Middle  Row,  Holbtnn.  S  S,  two  circular  spiral 
staircases,  which  proceed  from  the  basement  to  the  gallerv.  Itim  the  lectozers' 
table,  behind  which,  at  P,  u  a  large  frame  for  the  exhibition  of  {^ana,  diagrams, 
charts,  drawings,  &c. ;  and  when  these  are  made  into  transparenciea,  they  are 
illuminated  by  a  series  of  gas  jets  arranged  behind  the  frame.  F  is  m  furnace,  em- 
ployed in  the  chemical  lectures.  This  furnace,  when  not  in  uae,  ia  closed  bj 
two  folding-doors,  which  are  elegantly  painted  to  correspond  with  the  foldinjr- 
doors  of  the  entrance  E.  The  six  black  spots  arranged  in  a  aemi-circie,  shov 
the  site  of  the  iron  pillars  that  support  the  principal  gallery,  which  ia  also  of  the 
horse-shoe  form,  as  shown  by  the  curved  dotted  line  of  that  figure,  (also  ex- 
hibited in  rig.  2.) 

The  foregoing  plan,  although  only  descriptive  of  the  gratrnd^/loor  of  the  build- 
ing, will  enable  us  to  explain  the  appropriation  of  the  rooms  and  offices  of  the 
basement  underneath  it 

Underneath  the  hall  H,  is  a  kitchen  and  store-room ;  underneath  the  reading- 
room  RR,  are  the  porter's  rooms;  and  underneath  the  library  L^  is  the  labon- 
tory  of  the  same  area,  containing  furnaces,  and  other  requisites  for  chemical 
investigations.  In  this  room  a  class  of  the  members  meet  weekly  for  mutual  in- 
struction in  chemistry,  minerology,  &c.  Adjoining  to  the  laboratorj  is  a  smaD 
workshop,  furnished  with  an  excellent  turning-lathe,  work-bench,  and  various 
tools  for  the  construction  and  repair  of  apparatus. 

Under  the  theatre  is  an  extensive  class-room,  lighted  by  gasa^  where  practi- 
cal geometn',  perspective,  architectural,  mechanical,  and  ornamental  drawing, 
are  regularly  taught 

The  annexed  figure  (2.)  exhibits  a  plan  of  the  first-Jhor  of  tAe  h4nue»  together 
with  a  plan  of  the  gallery  of  the  theatre.  H  S  is  the  ascending  staircsae  from  the 
hall  totne  first-floor;  H  G,  the  gallery  leading  therefrom  to  the  several  apartments, 
all  the  doors  or  entrances  to  which  are  marked  with  ad,  C  R  is  the  committee- 
room,  furnished  with  a  large  table,  and  other  requisites,  to  accommodate  the 
meetings  of  the  committee  of  managers,  who  conduct  the  affairs  of  the  institu- 
tion. This  room  is  19  feet  by  21  feet,  and  one  of  the  side-walls  is  covered  with 
a  glass  case,  furnished  with  a  splendid  collection  of  minerals.  A  R  is  the  appa- 
ratus-room, or  museum,  furnished  with  glass  cases  around  it,  containing  an 
extensive  assortment  of  mechanical,  pneumatical,  hydrostatical,  optical,  and  elec- 
trical apparatus ;  besides  a  great  variety  of  very  large  diagrams,  for  the  illus- 
tration of  those  subjects ;  and  an  assortment  of  mineral  and  geological  specimens. 
This  room  is  open  for  the  accommodation  of  the  members  every  TuesdsT 
evening,  from  eight  till  ten  o'clock,  to  afford  them  opportunitiea  of  inspect- 
ing the  apparatus,  conversing  together,  and  explaining  to  each  other  the  results 
uf  their  experience  and  observations.  This  mutual  interchange  of  informatioii 
is  calculated  to  be  productive  of  important  advantages  to  the  members.  A  dsss 
for  mutual  instruction  in  experimental  philosophy,  also  holds  a  weekly  meeting 
in  this  room.  M  R  is  another  room,  similarly  appropriated  to  the  laat  men- 
tioned ;  it  contains  various  models,  and  large  pieces  of  apparatus,  inconvenient 
tor  exhibition  in  the  museum,  (A  R,)  and  an  extensive  collection  of  transpa- 
rent illustrations  of  various  sciences.  B  S,  the  staircase,  leading  to  the  upper 
floors  of  the  house.  The  room  over  the  committee-room  is  a  class-room,  in 
which  writing,  drawing,  the  English  and  Latin  languages,  &c.,  and  occasionally 
stenography,  arc  taught  in  the  different  evenings  of  the  week ;  and  the  room 
over  the  museum  is  also  a  class-room,  where  mathematics  and  arithmetic  are 
taught.  The  other  rooms  in  the  upper  part  of  the  house  are  the  private  apart- 
ments of  the  secretary,  who  resides  on  the  premises.  G  G  G,  snow  the  seats 
in  tlie  gallerv  of  the  theatre,  rising  up  an  inclined  plane :  the  front*  or  lowest 


r,  being  upon  a  1«*el  with  the  finl-floor  of  Um  boot^  and  the  higheft,  a 
:k  row,  beuK  about  17  feet  iboTC  the  loweit  NS  b  the  top  of  the  dreaUi 
ne  itaircue  leading  from  the  entraace  in  Northnmberbuid  Court ;  and  M  S 
t  appertaining  to  the  entrance  from  Middle  Row,  Hcjbom.     P  ii  tbe  pit,  oi 


rathei  ground-floor,  of  the  theatre,  the  plan  of  which  it  given  in  Fig.  I.  L  L 
are  two  joioted  hrancbes  for  eat-ligbti,  ead)  containing  three  bnmen,  which 
MD  be  moved  in  variou)  podDon*,  to  nut  the  object!  to  be  illnminalad.     Tho 
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dotted  lines  ooo,  ihow  the  plan  of  a  lofty  reetaognlar  gaUeiy,  eren  with  the  top 
of  the  aemi-circalar  gallery  G,  from  which  there  are  two  entranoes  at  the  eztie- 
mitiet,  and  another  in  the  middle. 

THEODOLITE.  A  mathematical  instrument  used  hy  land-surveyors,  for 
takinff  angles,  distances,  altitudes,  &c  This  instrument  is  Farioualy  noade,  and 
provided  with  suhordinate  apparatus,  according  to  the  price,  or  the  reqairementi 
of  the  purchaser.  We  shall  describe  one  of  the  most  generallr  useful.  Thii 
consists  of  two  concentric  horizontal  circles,  the  inner  of  which  haa^  at  the  ends 
of  one  of  its  diameters,  two  perpendicular  columns,  on  which  rests  the  horisontal 
axis  of  a  small  meridian  telescope.  The  vernier  of  the  inner  circle  is  made 
fast  to  an  arbitrary  division  line  of  the  outer  one,  and  both  cirelea  are  moved, 
together  with  the  telescope,  until  the  object  sought  for  appears  in  its  field.  The 
outer  circle  is  now  fixed,  and  the  inner  one  is  tamed  rounds  until  the  telescope 
strikes  the  second  object,  whose  angular  distance  from  the  first  is  to  be  mea- 
sured. The  inner  circle  is  now  fastened  to  the  outer,  and  by  means  of  a  mi- 
crometer screw,  the  thread  of  the  telescope  is  brought  exactly  upon  the  object. 
The  arc  which  the  vernier  of  the  inner  circle  has  described  on  the  outer  one 
measures  the  angle  which  the  two  objects  make  at  the  Qommon  centre  of  the 
two  circles. 

THEOREM.  A  proposition  which  terminates  in  theory,  and  which  con- 
siders the  properties  of  tnines  already  made  or  done.  Or,  uieorem  is  a  specu- 
lative proposition,  deduced  m>m  several  definitions  compared  together. 

THEOkY.  a  doctrine  which  terminates  in  speculations,  without  any  view 
to  the  practice  or  application  of  it 

THERMOM  ETER.  An  instrument  for  measuring  the  temperature  of  bodies; 
founded  upon  the  principle  of  augmentation  in  volume  of  fluids^  in  proportioo 
to  their  absorption  of  caloric ;  and  as  regards  aeriform  fluids,  the  principle  it 
probably  very  correct :  but  solids,  and  stm  more  liquids,  expand  unequally,  by 
equal  increments  of  heat  Thermometers  were  invented  aJxnit  the  beginning 
of  the  seventeenth  century ;  but  a  knowledge  of  their  author  is  involved  m  some 
obscurity.  For  the  first  half  century,  after  weir  introduction,  they  were  made  ia 
a  very  rude  and  imperfect  manner ;  but  they  were  at  length  considerably  im- 
proved by  the  Florentine  academicians,  and  received  subsequent  amelioratioas 
from  Mr.  Boyle,  Dr.  Halley,  and  Sir  Isaac  Newton,  as  well  as  from  contempo- 
raneous philosophers  on  the  continent  The  changes  which  the  instrument 
underwent  in  their  hands,  (described  in  the  Oxford  Enofdop^tdioy)  we  shall  not 
here  insert,  as  all  that  had  at  that  time  been  proposed,  were  liable  to  many 
conveniences,  and  could  not  be  considered  as  exact  standards  for  pointing  out 
the  various  degrees  of  temperature. 

The  thermometers  which  at  present  are  in  most  general  use,  are  Fahrenheit*!, 
De  risle*s,  Reaumur's,  and  Cebius's.  Fahrenheit's  are  used  in  Britain,  De 
risle's  in  Russia,  Reaumur's,  and  the  thermometer  centrigade,  in  France,  and 
Celsius's,  the  same  as  the  last  named,  in  Sweden.  They  are  all  mercurial 
thermometers. 

Fahrenheit's  thermometer  consists  of  a  slender  cylindrical  tube,  and  a  small 
longitudinal  bulb.  To  the  side  of  the  tube  a,  is  annexed  a  scale  6,  which 
Fahrenheit  divided  into  600  parts,  beginning  with  that  of  the  severe  cold 
which  he  had  observed  in  Iceland  in  1709,  or  that  produced  by  surrounding  the 
bulb  c  of  the  thermometer  with  a  mixture  of  snow  or  beaten  ice,  and  sal 
ammoniac,  or  sea  salt  This  he  apprehended  to  be  the  greatest  degree  of  cold ; 
and  accordingly  he  marked  it,  as  tne  beginning  of  his  scale,  with  0  ;  the  point 
at  which  mercury  begins  to  boil,  he  conceived  to  show  the  greatest  degree  of 
heat,  and  this  he  made  the  limit  of  liis  scale.  The  distance  between  these  two 
points,  he  divided  into  600  equal  parts  or  degrees ;  and  by  trials,  he  found  that 
the  mercury  stood  at  thirty-two  of  these  divisions,  when  water  just  begins  to 
freeze,  or  snow  or  ice  just  begins  to  thaw ;  it  was,  therefore,  called  the  degree 
of  the  freezing  point  When  the  tube  was  immersed  in  boiling  water,  the 
mercuiy  rose  to  212,  which,  therefore,  is  the  boiling  point,  and  is  just  180 
degrees  above  the  former,  or  freezing  point  But  the  present  method  of 
making  the  scale  of  these  thermometers,  which  is  the  sort  in  most  common  inc 
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18  fint  to  immers^e  the  bulb  of  the  thennometer  in  ice  or  snow  just  beginning  to 
thaw,  and  mark  the  place  where  the  mercury  stands,  with  number  32 ;  then  immerge 
it  in  boiling  water,  and  again  mark  the  place  where  the  mercury 
stands  in  the  tube ;  which  mark,  with  the  number  212,  exceeding 
the  former  by  180,  dividing  therefore  the  intermediate  space 
into  180  equal  parts,  will  give  the  scale  of  the  thermometer,  and 
which  may  afterwards  be  continued  upwards  or  downwards  at 
pleasure.  Other  thermometers  of  a  similar  construction  have 
Deen  accommodated  to  common  use,  having  but  a  portion  of  the 
above  scale.  They  have  been  made  of  a  small  sixe  and  portable 
form,  and  adapted  with  appendages  to  particular  purposes ;  and 
the  tube,  \rith  its  amiexed  scale,  has  often  been  inclosed  in  another 
thicker  glass  tube,  also  hermetically  sealed,  to  preserve  the  thermo- 
meter from  injunr. 

In  1733,  M.  De  Tlsle,  of  Petersburgh,  constructed  a  mercurial 
thermometer,  on  the  principles  of  Reaumur's  spirit  thermometer. 
In  his'.thermometer,  the  whole  bulk  of  quicksilver,  when  immerged 
in  boiling  water,  is  conceived  to  be  divided  into  100,000  parts ;  and, 
from  this  one  fixed  point,  the  various  degrees  of  heat,  either  above 
or  below  it,  are  marked  in  these  parts  on  the  tube  or  scale,  by  the 
various  expansion  or  contraction  of  the  quicksilver,  in  all 
imaginable  varieties  of  heat 

l%e  thermometer  at  present  used  in  France  is  called  Reaumur's, 
but  it  is  very  different  from  the  one  originally  invented  by 
Reaumur  in  1730,  in  which  spirits  of  wine  was  used  to  indicate 
the  degrees  of  expansion.  The  thermometer  now  in  use  in  France  is 
filled  with  mercury  ;  and  the  boiling-water,  which  is  at  80, 
corresponds  with  the  212th  degree  of  Fahrenheit  The  scale,  indeed, 
commences  at  the  freezing  point,  as  the  old  one  did.  The  new  thermo- 
meter ought  more  properly  to  be  called  De  Luc's  thermometer,  for  it  wasfirst  made 
by  De  Luc  When  De  Luc  had  finished  the  scale,  and  completed  an  account  of 
it,  he  showed  the  manuscript  to  M.  De  la  Condamine.  Condamine  advised  him 
to  chan^  the  number  80 ;  remarking,  that  such  was  the  inattention  of  physi- 
cians, tnat  they  would  probably  confound  it  with  Reaumur's.  De  Luc's 
modesty,  as  well  as  a  predilection  for  the  number  80,  founded,  as  he  thought, 
on  philosophical  reasons,  made  him  dicline  following  this  advice  ;  but  he  found 
by  experience,  that  the  prediction  of  Condamine  was  too  well  founded.  The 
thermometer  of  Celsius,  which  is  used  in  Sweden,  has  a  scale  of  100  degrees 
fi^m  the  freezing  to  the  boiling-water  point 

The  thermometer  centigradet  now  used  in  France,  has  the  scale  divided  in  the 
same  way.  Many  other  thermometers  have  been  used  besides  these,  and 
consequently  observations  taken  by  them ;  but  it  is  unnecessary  to  describe  any 
of  these  more  minutely,  as  they  are  no  longer  used.  Those  who  wish  to  read  a 
more  particular  account  of  them  may  consult  Dr.  Martine's  Essays.  It  must 
be  admitted  that  disadvantages  attend  the  adoption  of  the  scales  of  each  of  the 
thermometers  we  have  described,  but  hitherto  the  sanction  of  long  usage  in  the 
countries  where  they  have  been  introduced,  has  prevented  their  being  supei^ 
seded  by  any  other. 

A  self-registering  thermometer  has  been  invented  by  Mr.  Keith,  of  Ravel- 
stone,  which  is  considered  as  most  ingenious  and  simple,  a  b,  in  the  annexed 
figure,  b  a  thin  glass  tube,  about  fourteen  inches  long,  and  three-fourths  of 
an  inch  calibre,  dose  or  hermetically  sealed  at  top.  To  the  lower  end,  which 
is  open,  there  is  joined  the  crooked  glass  tube  (  «,  seven  inches  long,  and  four- 
tentns  of  an  inch  calibre,  and  open  at  top.  The  tube  a  6  is  filled  with  the 
strongest  spirit  of  wine,  and  the  tube  b  e  with  mercury.  This  is  properly  a 
spirit-of-wine  thermometer,  and  the  mercury  is  used  merely  to  support  a  piece 
of  ivory,  or  glass,  to  which  is  affixed  a  wire  for  raising  one  mdex,  or  depressing 
another,  according  as  the  mercury  rises  or  falls.  £  is  a  small  conical  piece  of 
ivory  or  glass,  of  such  a  weight  as  to  float  on  the  surface  of  the  mercur}'.  To 
the  float  is  joined  a  wire,  called  the  float-wire,  which  reaches  upwards  to  H» 
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where  it  terminatei  in  a  knee  bent  at  right  angles.  The  float-wire,  by  means  of 
an  eye  at  A,  moves  easily  along  the  small  harpsichord  wire  gh.  Hare  two 
indexes  made  of  Uiin  black  oiled  silk,  which  slide  upwards  or  down- 
wards with  a  force  of  not  more  than  two  grains.  The  one  placed 
above  the  knee  points  out  the  greatest  nse,  and  the  one  placed 
below  it  points  out  the  greatest  tall,  of  the  thermometer.  When 
the  instrument  is  to  be  prepared  for  an  observation,  both  indexes 
are  to  be  brought  close  to  the  knee  h.  It  is  evident,  that  when 
the  mercury  rises,  the  float  and  float-wire,  which  can  be  moved 
with  the  snudlest  force,  will  be  pushed  upwards  till  the  mercury 
becomes  stationary.  As  the  knee  of  the  float-wire  moves  upwards, 
it  will  carry  along  with  it  the  upper  index  L  When  the  mercury 
again  subsides,  it  leaves  the  index  at  the  highest  point  at  which 
it  was  raised,  for  it  will  not  descend  by  its  own  weight :  as  the 
mercury  falls,  the  float-wire  does  the  same ;  it  therefore  brings 
along  with  it  the  lower  index  /,  and  continues  to  depress  it  till  it 
again  becomes  stationary,  or  ascends  in  the  tube ;  in  which  case  it 
leaves  the  lower  index  behind  it,  as  it  had  formerly  left  Uie  upper. 
The  scale  to  which  the  indexes  point  is  placed  parallel  to  the 
slender  harpsichord  wire.  That  tne  scale  and  indexes  may  not 
be  injured  by  the  wind  and  rain,  a  cylindrical  glass  cover,  dose  at 
top,  and  made  so  as  exactly  to  fit  the  part  af,  im  placed  over  it 
As  a  knowledge  of  the  correspondence  between  the  thermo- 
meters of  Fahrenheit,  Reaumur,  and  Celsius,  are  indispensable  to 
the  comprehension  of  the  scientific  labours  of  the  French 
and  German  philosophers  and  authors,  whether  in  the  original 
languages,  or  the  English  translations,  we  have  inserted  a  table  in  which  the 
degree  of  any  given  temperature  under  212*  of  Fahrenheit  is  expressed  by 
those  of  Reaumur  and  Celsius :  we  omit  De  Lille's,  its  use  being  confined  to  Russia. 
As,  however,  higher  degrees  of  temperature  may  be  required  than  those  given  in 
the  table,  the  following  rules  are  given  for  changing  the  degrees  of  any  one  of 
the  scales  into  equivalent  degrees  of  another ;  viz.  each  degree  of  Fahrenheit 
is  equal  to  foui^ninths  of  one  of  Reaumur ;  as  Reaumur,  however,  reckons  his 
degrees  from  the  freezing  point,  and  Fahrenheit  32^  below  this  point,  we  must, 
when  the  number  of  Fahrenheit's  degrees  to  be  reduced  indicate  a  temperature 
above  the  freezing-point,  first  deduct  32,  then  multiply  the  remainder  by  4,  and 
divide  the  product  by  9.  The  quotient  is  the  corresponding  number  of  degrees 
on  Reaumur's  scale.  If  the  temperature  indicated  was  less  than  the  freezing 
point,  we  must  also  be  careful  to  take  the  actual  number  of  degrees,  reckoning 
from  the  freezing  point.  Thus  4  degrees  above  Fahrenheit's  zero  is  28  below 
his  freezing  point ;  and  this  is  the  number  to  be  reduced  to  Reaumur's  scale. 

Each  degree  of  Reaumur  is  equal  to  2f  of  one  of  Fahrenheit  Multiply  the 
given  number  of  degrees  of  Reaumur  by  9,  and  divide  the  product  by  4.  If  the 
degrees  of  Reaumur  were  minus,  the  quotient  must  be  deducted  from  32,  and 
the  remainder  will  be  the  equivalent  degrees  of  Fahrenheit  If  the  given  degrees 
were  not  minus,  the  quotient  must  be  added  to  32  degrees,  and  the  sum  wUl  be 
the  equivalent  sought 

Each  degree  of  Fahrenheit  is  equal  to  f  of  one  of  the  centigrade.  Proceed 
as  in  the  case  of  Fahrenheit  and  Reaumur,  multiplying,  however,  by  5,  and 
dividing  by  9. 

Each  degree  of  Reaumur  is  fqual  to  1}  of  the  centigrade.  Multiply  the 
given  number  of  d^ees  by  5,  divide  the  product  by  4,  and  the  quotient  will 
be  the  equivalent  number  of  degrees  on  the  centigrade  scale. 

Each  aegreeofthe  centigrade  scale  is  equal  to  four-fiflhs  of  Reaumur.  Multiply 
the  given  number  of  degrees  of  the  centigrade  by  4,  and  divide  the  product  by  5 ; 
the  quotient  will  be  the  equivalent  number  of  degrees  on  Reaumur's  scale. 

The  diflferent  degrees  of  expansibility  of  dissimilar  metab  by  the  same 
increase  of  temperature,  is  well  known,  and  has  been  usefully  employed  to 
produce  compensation  in  the  regulators  of  time-keepers  ;  and  recently  a  very 
sensible  and  convenient  thermometer  has  been  made  on  the  same  principle. 


788 


THERMOMETER. 


The  one  from  which  we  made  the  diagram  on  the  next  page,  ii  eontamed  in  a 
eommon-sixed  pocket-watch,  and  indicatei  the  temperature  from  30*  below 
zero  to  80o  Reaumur,  equal  to  the  extent  from  zero^  to  212*  on  Fafarenhett's 
scale. 

It  consists  of  a  slip  of  steel  on  a  slip  of  brass  attadied  together,  and  "bent 
with  the  brass  inwards,  into  a  circular  form  a  «,  and  fixed  to  we  frame  of  the 
watch  at  b,  immediately  behind  the  diaL  One  end  of  this  circular  piece  is  bent 
inwards  at  c,  and  acts  upon  a  lever,  e  /,  of  the  third  order.  The  lerer  moTes 
upon  a  pivot  at/,  b  furnished  with  an  adjusting  screw  d^  and  a  toothed  segments. 
The  teeth  of  thu  s^ment  act  upon  the  teeth  of  a  small  pinion  g,  to  the 
prmecting  pivot  of  which  an  index  k  is  attached. 

The  action  of  this  little  instrument  u  obvious ;  for  as  the  interior  portion  of 
the  compound  circular  piece  is  of  brass,  which  is  more  expansible  than  the 
exterior,  which  is  of  steel,  an  increase  of  heat  will  cause  the  ring  to  open ;  bot 
in  opening  it  acts  upon  the  lever,  and  by  that  means  turns  the  index,  which 
points  out  by  the  graduated  circle  on  the  face  ci  the  watch  the  quantity  of 
increase.  On  the  contrary,  when  a  decrease  of  heat  takes  f^ace,  the  ring  will* 
have  a  tendency  to  close,  and  the  lever  being  kept  up  to  it  by  a  small  spring'  on 
the  opposite  side,  acts  upon  the  index,  and  points  toe  q[uaatity  of  decrease  in 
the  temperature.  This  thermometer  indicates  a  change  of  temperature  much 
quicker  than  the  common  mercurial  thermometer,  owing  to  the  metals  being 
better  conductors  of  caloric,  than  wood  or  glass,  the  suMtaaces  of  whieb  they 
are  usually  manufactured. 


A  Thermometer  of  Contact  has  lately  been  invented  by  M.  Fouxrier.  ••  It 
is  well  known,"  says  M.  Fourrier,  *'  that  on  touching  different  substanoes 
maintained  at  the  same  temperature,  the  same  calorific  impreaaion  ia  not 
received  in  consequence  of  the  different  conductibility  of  those  bodies.  It  u 
even  sufficienl  to  cover  those  bodies  with  a  thin  sheet  of  paper,  aensibly  to 
change  the  effect  of  the  contact.     If,  then,  on  a  support  kept  at  a  constant 
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temperature,  for  example,  at  that  of  melting  ice,  tlun  ilieett  of  different 
inbitancei  an  (neeeBrively  ^ptied,  tlie  limple  contact  of  the  naked  hand  will 
■uffice  to  elan  a^at  number  of  them  accotding  to  ttieir  order  of  eonductilHUty  ; 
but  this  method  u  by  no  meani  accurate  and  i(  liable  to  other  inconvenieneee; 
M.  Fourrier'i  instrument  may  be  considered  as  an  improved  hand,  and  minutely 
eitabllihet  the  facta  to  which  the  i^plicalion  of  the  hand  only  makes  an 
BppToumation.  It  is  extremely  limple  ;  it  coiuisU  of  •  cone  of  Teiy  thin  iroD, 
filled  with  mereury,  and  terminated  at  ita  circular  baie  by  a  akin  of  moderate 
thicknesi.  A  thermometer  ii  placed  in  the  mercury ;  it  ii  thi«  tkiu  which  ia 
put  on  the  thin  sheet  applied  to  the  lupport.  The  conUtct  i«  very  intimate,  in 
coniequence  of  its  flexibility ;  and  the  thermometer  indicatea  the  Tariations  of 
tempersture.  By  this  instrument  many  curious  facta  hare  already  been 
ascertained.  For  instance,  it  baa  been  shown,  that  the  order  in  which  thin 
(heeti  of  different  lubetance*  are  placed  one  upon  another,  influences  the  quanti^ 
of  heat  which  passes  through  thsm  under  the  same  external  circumstancea. 
Urns,  the  interpodtion  of  a  sheet  of  leather  &cilitaie*  the  traninuHion  of  heat 
&am  skin  to  cloth,  and  it  obstructs  it  from  cloth  to  marble. 

The  thermometen  hitherto  deaciibed  are  very  limited  in  their  extent;  they 
indeed  point  out  to  us  the  lowest  degrees  of  heat  which  are  commonly  observed 
even  in  cold  climates,  hut  they  by  no  means  reach  to  those  degrees  of  heat 
which  are  very  familiar  to  us.  The  mereutial  thermometer  extends  no  Esrtber 
than  to  600  of  Fahrenheit's  scale,  the  beat  of  boiling  mercury ;  bnt  we  are  sure 
that  the  heat  of  solid  bodies,  when  heated  to  ignition,  or  till  thej  emit  U^ht,  far 
exceeds  the  heat  of  boiling  mercury.  In  order  to  remedy  this  defect,  Su  Isaac 
Newtonattempted,by  aniageniousexperiment,  to  extend  the  scale  toanydegre* 
required!  His  plan,  however,  WM  not  found  convenient  forpractical  purposes. 
But  following  the  idea  suggested  by  Newton,  the  late  Mr.  Wedgwood  invented 
a  very  simple  thermometer,  which  marks  with  much  preciaioa  the  different 
degree*  oT  ignition  from  a  dnll  red  heat  visible  in  the  dark,  lo  the  heat  of  an 
lir-fnmace. 

a  i  c  d^  in  the  annexed  figure,  ia  a  smooth  fiat  plate ;  on  which  arefixed 
two  rulen,  or  flat  [Heces,  a  quarter  of  an  inch  thick,  lying  fiat  upon  the  plate, 
with  the  sides  that  are  towards  one  another  made  perfectly  tme,  a  little  ftirther 
amnder  at  one  end,  (ban  at  the  other  end ;  thus  they  include  between 
them  ■  long  converging  canal,  which  is  divided  on  one  sid*  into  a  number  of 
(mail  equal  parti,  and  which  may  be  considered  as  per- 
forming the  offices  both  of  the  tube  and  scale  of  the  common 
thermometer.  It  is  ohviou*,  that  if  a  body,  ao  adjusted  as  to 
fit  exactly  at  the  wider  end  of  this  canal,  be  afterwards  di- 
minished in  its  bulk  by  fire,  as  the  thermometer  pieces  are, 
it  will  then  pass  further  into  the  canal,  and  more  and  more 
so  according  at  the  diminution  is  greater;  and  conversely, 
that  if  a  body  so  adjusted  as  to  pass  on  to  the  narrow  end, 
be  afterward*  entanded  by  fire,  as  is  the  ease  with  metals, 
and  applied  in  that  exoanded  stale  to  the  scale,  it  will  not 
pass  so  fat ;  and  that  ue  divisions  on  the  aide  will  be  the 
mcMures  of  the  expansions  of  the  one,  as  of  the  contrac- 
tions of  the  other,  reckoning  in  both  cases  from  that  point 
to  which  the  body  was  adjusted  at  firsL  ■  is  the  body  whoae 
•Iteration  of  bulk  is  thus  to  be  measured.  ThiM  ia  to  he 
gently  pushed  or  slid  along  towards  the  narrow  end  till  it  i* 
stopped  by  the  converging  sides  of  the  canal.  Mr.  Walker, 
to  whom  we  have  Jready  alluded,  suggests  the  idea  of  a 
metallic  thermometer  which  shall  embrace  the  medium  be- 
tween the  highest  pobtofthemercurial  thermometer,  which 
terminates  at  600  degree*,  and  the  lowest  of  Wed^ood's, 
just  deacribed,  which  commences  at  1077  degrees  of  Fahreit- 
dlion  is  formed,  not  liable  to  altaiation  in  it*  quality 


compodlion  is  formed,  not  liable  to  alteration  m  it*  quality 
eated  exposure  to  heat,  the  melting  pointof  whichisat  a  little 


heiL      A  metallic 

or  quantity  by  repeat , .  .„. 

below  600  degrees  ofFahrenheit,  and  Its  boihng  point  at  1200  dertee*.    A  wse 
resembling  in  fonn  the  gUss  case  for  the  ordinary  thermometer,  but  somewhat 
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larger,  contains  die  metallic  compoitioa,  and  tha  acala  conaitti  in  ■ 
graduated  rod,  equal  in  height  at  the  commeoMineat  of  the  icalc ; 
when  the  metallic  compoation  U  juit  Ikjnid  to  the  top  of  the  tube,  tha  gn 
rod  tenninaling  at  the  Dottom  in  a  thin,  circular,  flat  plate,  whidi  reata  i 
aa  it  sere  upon  tlie  liquid  metal ;  and  in  propoition  ai  the  latter  ezpai 
riiei  in  the  tube  by  heat,  the  graduated  rod  ii  buojed  up,  or  raised  ab 
top  of  the  tube,  palling  throu^  a  perforated  cover  to  the  nuximnm,  or 
point.  The  tberrnometer  caie  and  graduated  tod  are  formed  of  fipe^ 
clay,  previouilj  prepared  by  having  been  expoeedtoamfficient  d^reC' 
The  Kale  of  thii  new  thennometer  ii  an  exact  eontiDiiation  «f  the  Msli 
mercurial  thermometeri ;  the  lower  degreei  of  tha  former  comnondiE 
or  iodicating  like,  temperaturea  wilh  tha  upper  degrees  of  (ba  mi 
thermometer. 

"  The  lame  principle,"  nyi  Mr.  Walker,  "  I  might  obMrre,  adiiuti  a 
extended,  for  the  purpoM  of  aicertaining  the  variation  in  temperature,  u] 
moit  iuteoM  heat,  perbape,  that  can  be  required.  It  ii  unnecaMBi;  to  at* 
that  the  influence  of  the  incumbent  attnoipheTe  upon  the  lurfac*  of  thi 
metal  within  the  open  tube  ii  too  inconsiderahle,  even  at  the  cMnmen 
of  the  Kate,  to  deierve  notice,  and  at  a  higher  temperature  di 
thing ;  eipecially  if  the  whole  of  the  liquid  contained  in  the  tl 
ought  to  be  the  ease  in  every  tbermoineter,  be  completely  immeneo,  or  •« 
to  the  temperature,  the  degree  of  which  it  ii  intended  to  indicate.  A 
■imilar  to  the  abore,  I  shoutd  think,  might  be  apidiMble  to  the  pui 
■bowing,  in  a  readjp  way,  the  d^;ree  of  eipaniion  lO  mMak  by  heal ; 

eloneation  of  a  t^lmder  of  any  metal,  by  if '  ' " = 

imatl  to  admit  of  iti  being  a  convenient  ma , .  _ 

despair,  however,  availing  myielf  of  every  advantan,  via.,  ii  _ 

of  a  metallic  wire,  by  giving  it  a  apiral  form,  in  order  to  eompiia*  •  c< 

length  in  imall  compan,  with  the  application  of  the  laver-indes,  and 
magnifier,  upon  conitructing  a  thermometer  upon  thii  principle,  lo  as  tc 
the  leale  apparent  even  to  single  degreei ;  usmg  lilver  for  the  lower  tc 
turee,  and  platins  for  the  higher,  or  employing  iron  wire,  only  up  to  its  u 
pmnt  of  ezpaniion  in  a  lohd  state. 

THERMOSTAT.     The  name  given  toanii 


patented  by  Dr.  Ure,  for  regulating  temperature  in  vaporiuUion,  »li«» 
and  other  procesKi,  in  which  the  agency  of  heat  u  requited.  Itiiefiected 
r  diminishing  the  sice  of  the  apertures  through  which  tha  i 


'e  of  the  conttivaoee,  and  its  it 


a  b,  repreient  a  compound  bar,  compoied  of  two  flat  pieces  of  metal,  dcm 
different  powen  of  eipaneibili^  hy  tne  ume  increase  of  temparatur*,  i 
iron  and  sine,  firmly  rivitted  together.  Now,  lUppoM  the  tnost  exp 
metal,  the  linc,  pUcedon  the  npper  side,  the  compound  bar  will  bend  dow 
to  tha  nniMr.,)  reprewnted  *t  tt'  V;  and  by  diminution  of  the  tsniM 
wKifk  <h.  ^^.i _  -vetted  together,  a  flexor*  in  d 


t  which  the  met^  w 
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trary  direction  would  take'place ;  and  thui  a  motion  it  obtained  from  any  change 
of  temperature,  which  may  be  made,  through  the  medium  of  leven,  available  m 
checking  the  cause  of  change,  by  altering  the  size  of  the  opening  through  which 
the  change  was  effected.  Let  c  represent  a  stop-cock,  through  which  steam,  hot 
water,  or  other  fluid  enters,  to  communicate  heat  to  the  vessel  containing  the 
thermostat  a  b,  and  let  c  (/  be  a  lever  or  handle,  by  which  the  cock  is  turned, 
joined  to  the  compound  bar,  by  the  connecting-rod  d  b;  also,  let  the  plug  or 
the  cock  be  so  adjusted,  that  it  shall  be  partially  open  when  the  lever  is  in  the 
position  represented  by  e  d;  and  less  open  when  in  the  position  represented  by 
e  tt ;  then  it  is  evident,  that  any  increase  of  temperature,  beyond  that  to  which 
the  instrument  may  have  been  adjusted,  would,  by  causing  the  instrument  to 
bend  downwards,  immediately  diminish  the  passage,  and  consequenUy  the  sup- 
ply of  steam,  hot  water,  or  whatever  fluid  may  be  used  for  communicating  heat 
While,  on  the  contrary,  a  diminution  in  the  temperature  would  cause  the  bar  to 
bend  upwards,  and  thus  increase  the  passage  for  the  admission  of  a  greater  quan- 
tity of  the  heating  vapour  or  fluid. 

The  patentee  gives  a  variety  of  examples,  of  the  application  of  his  thermo- 
stat for  regulating  the  admission  of  heating  fluids,  as  well  as  for  regulating 
the  ventilation  of  rooms,  public  buildings,  &C.,  some  of  them  displaying  con- 
siderable ingenuity ;  but  they  all  depend  upon  the  principle  above  explained, 
and  therefore  we  have  not  deemed  it  necessary  to  describe  them. 

THIMBLE.  K  metallic  case,  worn  by  tailors  and  sempstresses  upon  the 
finger,  for  the  purpose  of  pressing  needles  through  the  stuff  m  sewing.  An  in- 
strument, answering  the  same  purpose,  is  worn  by  sailors  and  sail-makers  in  the 
palms  of  their  hands  by  straps  wnich  fasten  it  thereto;  they  are  technicdly 
called  palms,  and  are  small  circular  plates  of  cast  uron,  indented  on  the  surface. 
Thimble  is  the  name  abo  given  to  circular  rings  of  uron,  hollow  on  the  outside, 
for  a  rope  which  envelopes  it  to  be  securely  imbedded  therein ;  a  metallic  eye  is 
thus  formed,  for  passing  another  rope  through,  or  hanging  on  to  it  by  a  hook,  a 
tackle  block,  &c. 

THRESHING-MACHINE.  An  apparatus  for  separating  the  grain  from  the 
straw.  Machines  for  this  purpose  were  contrived  as  far  back  as  1732 ;  these  were 
considerably  impipved  by  Mr.  Andrew  Meikle,  in  1785,  who  took  a  patent  for  his 
improvements,  which  are  described  in  the  "  Repertory  of  Arts."  Since  that  time 
they  have  undergone  various  ameliorations ;  and  the  construction  of  those  which 
are  mosdy  employed  at  the  farm-houses,  may  be  briefly  described  as  consisting 
of  three  rotatative  drums  or  cylinders ;  around  the  first  which  comes  into  operation 
are  a  series  of  arms,  or  beaters,  which  are  made  to  revolve,  and  thereby  strike 
the  com  (supplied  underneath  them  by  feeding  rollers,)  with  great  rapidity. 
Hence  the  thereshed  com  is  carried  on  by  the  motion  of  Uie  feed  rollers,  to  two 
successive  straw  shakers,  which  consist  (as  before  mentioned)  of  a  rotative  frame, 
armed  with  numerous  spikes,  that  lift  up  and  shake  the  straw,  so  as  to  force  from 
amongst  it  Uie  grain,  and  allow  it  to  fall  through  a  grated  floor,  into  a  large  hop- 
per beneath.  From  this  hopper  Uie  com  is  conducted  to  another  receptacle,  and 
m  its  passage  winnowed  by  fanners  driven  with  great  velocity,  that  separate  the 
chaff)  oy  blowing  it  away  into  another  receptacle.  Of  course  the  power  by 
which  such  machines  are  driven  depends  upon  local  circumstances  ;  but  in 
general  a  horse-wheel  is  employed,  worked  by  the  united  force  of  three  horses ; 
Uie  horse- wheel  is  mounted  with  a  large  horizontal  wheel,  which  drives  a  pinion 
on  the  main  shaft  of  the  threshing-machine ;  and  ^the  main  shaft,  by  suitable 
gear,  gives  motion  at  the  requisite  velocities  to  the  parts  we  have  described. 

TIDE.  A  regular  periodical  current  of  water,  setting  alternately  in  a  flux 
and  reflux,  and  generally  considered  to  be  produced  by  the  influence  of  the 
moon.  The  sagacious  Locke,  in  describing  the  Uieory  of  the  tides,  observes, 
"  that  motion  of  the  water  csilled  the  tides,  is  a  rising  and  falling  of  the  sea  ; 
the  cause  of  this  is  the  attraction  of  the  moon,  whereby  the  part  of  the  water 
in  the  ^n^at  ocean,  which  is  nearest  the  moon,  being  most  strongly  attracted,  u 
raised  higher  than  the  rest ;  and  these  two  opposite  elevations  of  the  siuface  of 
the  water  in  the  great  ocean,  following  the  motion  of  the  moon  firom  east  to 
west,  and  striking  against  the  large  coasts  of  the  continents,  from  thence 
rebound  back  again,  and  so  make  floods  and  ebbs  in  narrows,  seas,  and  rivers. 


TIDE-HILLS. 

1  by  dw  rt 

^  „ _. '(IT  oonui 

of  the  great  cxpetiM  of  thrir  caiutnictiol) ;  bat  in  m 

Hmi  to  K  coiuddenble  height,  mud  where  the  fiiel  irquired  for  k  ■tfiw  nr 

M  high,  and  the  fint  eeat  cu  be  met,  tido-milli  maj  be  tctj  edTUil^ei 

conitmcted. 

The  ori^  of  tide-milli  in  thii  counliy  doee  not  appear  to  b«  recorded ; 
the  able  Belidor  aichbet  the  inTCDlioo  to  a  maiter-caipetiler,  at  Dimkirl 
the  name  of  Pene.  Hilb  to  be  worked  bf  the  liiiiig  or  railing-  of  the 
admit  of  great  variety  in  (he  cMeutial  part*  of  thejr  conatinction  ;  bat 
Ttrieljr,  Dr.  Gr^orj  obwrree,  maf  be  Tedneed  to  foor  general  head*,  accm 
to  the  manner  of  aedoD  of  the  water-wheel,  lit,  the  water-whed  maj 
one  way  when  the  tide  riiM,  and  the  c«ntr»j  when  it  &lla.  2d,  tbe  w. 
wheel  may  be  made  to  turn  aJwayi  in  one  diicction.  3d,  the  water-wbeel 
rue  and  fall,  ai  the  tide  ebbi  and  Bowi.  4tli,  the  axle  of  the  water-wbeel 
be  K  fixed  m  that  it  (hall  neither  rite  nor  fall,  thougfa  the  totary  moiiaa  i 
be  given  to  the  wheel,  while  at  one  time  it  ii  only  puffy, at  another  coinpli 
immened  in  the  fluid. 

Some  very  ingenioiu  lu^eitioiu  for  the  conitnictiati  of  a  tide-mill  appi 
tome  time  luice  in  a  leientific  jonmal,  in  which  the  arTangemant*  difier  in  i 
cnential  reipecti  from  thoee  ^parentiy  contemplated  in  Dr.  Qrc);ory'a  cU 
cation.     We  ahall  iniert  the  docription  in  the  anthor'*  own  worda. 


In  ihii  plan,  "the  water  ii  competUd  to  flow  in  and  out  of  a  baain,  in  i 
a  manner,  that  Che  greatest  force  ibal!  be  obtained  from  Jti  current,  and 
annexed  diagrama  are  introduced  to  illustrate  the  following  explanation." 

J-'ig.  1  represents  a  perpendicular  projection  of  the  principal  purti  on  ii  p]j 
eiippoied  Co  be  drawn  tongitutiinally  and  vertically  tuiougb  tbe  centrv  of 
work,  h  D  sliow  the  respective  liciglils  of  the  walet,  on  each  aide  of  the  fl< 
gate  «  ;  the  fitiihes,  t  on  b'l  aide,  anil  i  on  c't,  are  luppoied  to  be  open. 


a  of  the  psitththe  water  U  flowing  from  the  baaia 
into  the  lea. 

Fig.  2  reprcHntt  a  perpendicular  pnjeetion  of  the  jirincipal  part*  on  «  plane, 
nippoKd  to  be  dranii  latitudinallj  and  rertically  tbroiigh  the  centre  of  the 

J^.  2- 


work.  h  thows  the  level  of  the  water  when  flowingfrom  the  reprcMiited  lide ; 
the  position  of  the  fliuhei  under  thete  circumitancea  are  ahown,  ■  being  open, 
and  k  closed ;  v  showi  the  level ;  cite  vena,  the  poiitian  of  the  Suihe*  in  tbit 
case  are  seen,  ■  being  cloud,  and  k  open.  An  objection  may  nriie  from  the 
variation  of  the  qiiaDticy  of  water  at  the  spring  and  neap  tidea.  To  counteract 
this,  the  fluib  ( is  introduced  into  the  flood-gate  i,  which  maj  be  opened  and 
closed  according  a*  there  is  a  redundancy  or  deficiency  of  water:  thii  may 
either  be  efiected  by  centrifugal  balls,  or  by  the  attentiiHi  of  the  individual  who 
takes  care  of  the  works.    It  should  be  endrely  opened  when  the  mill  is  not 

Although  this  plan  is  more  particularly  adapted  for  harhontt  and  the  tideway 
of  rivers,  yet  there  are  few  part*  of  the  coast  on  which  such  a  mill  might  not  be 
constructed.  If  it  be  on  a  sandy  beach,  a  large  wooden  tnnnel  should  be  laid 
down  at  the  lowest  tide  level,  in  order  to  introduce  water  upon  the  flood-gate. 
The  basin  had  better  be  constructed  of  wood,  as  then  the  aides  of  it  may  be 
vertical,  which  is  of  great  advantage^  to  produce  alesi  variable  current;  but  it 
may  be  excavated,  and  lined  with  clay,  which  should  be  covered  over  with 
shingles,  in  order  to  prevent  the  clay  from  being  washed  o£  If  it  be  on  a  rockr 
coast,  and  as  before  expoaed  to  a  surf,  there  sbtrald  be  a  small  tnnnel  excavate^ 
(as  shown  by  dotted  hnes  at  f.)  The  basin  in  this  case  is  easily  formed;  I 
conjecture  that  an  excavation  of  the  capacity  of  one  of  our  first-rate  ships,  and 
about  12  feet  deep,  would  contain  water  enough  to  two  pair  of  stone*  for  a 

a  a  is  tha  Hotting  mill,  of  which  the  form  of  a  ground  plan  is  as  Fig  i.      It 
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hu  Angular  ends  for  two  reaBons ;  1st,  because  tbe  boflding  may  be  more  eanly 
constructed  in  tbis  manner,  to  bear  the  pressure  on  the 
aheaves  gg;  and  2d]y,  in  order  to  give  a  proper  direction 
to  the  water.  6  is  the  excavated  basin ;  c  the  sea  or  harbour ; 
«  the  soil ;  i  the  flood-gate  attached  to  the  mill,  and 
movine  up  and  down  with  the  tide ;  j,  the  water-wheel ; 
1 1  flushes  for  introducing  water  on  the  wheel ;  k  k  ditto,  for 
letting  it  ofi*;  /  ditto,  for  regulating  the  influx  of  water 
according  to  the  strength  of  Uie  tide ;  d,  the  channel  cut  in 
the  sides  of  the  wall,  and  sunk  below  low-water  mark, 
according  to  the  rise  and  faU  of  the  tide  above,  into  which  are  inaerted  small 
sheaves  working  on  an  iron  plate  placed  on  the  flood-gate,  in  order  to  reduce 
the  friction ;  //are  vertical  beanu  of  timber,  supported  hy  pieces  o  o,  thrown 
across  the  passage  horizontally  and  diagonally,  witn  respect  to  the  beam  itael^ 
for  the  purpose  of  bearing  the  horizontal  pressure  of  the  building  on  the 
sheaves  g  g,  which  pressure  takes  place  on  each  beam  alternately,  wiSi  the  rise 
and  fall  of  the  tide ;  «  «  are  doors,  the  upper  one  may  receive  the  oora  or 
materials  when  the  mill  is  at  a  proper  level,  and  the  lower  one  discharge  tbe 
same  when  in  a  convenient  situation ;  leather  is  placed  in  the  jointa,  in  aucb  a 
manner  as  to  prevent  the  water  from  ^tting  through  between  the  slide  and 
flood-gate.  There  are  two  water-wheels,  m  order  that  the  pressure  «q  the  grooves 
d  d  may  be  less  partial. 

A  tide-mill  was  erected  at  East  Greenwich,  on  the  right  bank  of  the 
Thames,  under  the  direction  of  Mr.  John  Lloyd,  an  engineer  of  Westminster, 
of  which  the  following  will  convey  an  idea  s  the  details  are  given  by  Dr.  Gr^oiy 
in  his  MechanieSf  voL  ii. 

This  mill  is  intended  to  erind  com,  and  works  eight  pair  of  atones.  The 
side  of  the  mill-houae  parallel  to  the  course  of  the  river,  measures  40  feet 
within ;  and  as  the  whole  of  this  may  be  opened  to  the  river  by  sluice- 
gates, which  are  carried  down  to  the  low-water  mark  in  the  river,  ther«  is  a  40 
feet  water-way  to  the  mill ;  throup^h  the  water-way  the  water  presses  during 
the  rising  tide  into  a  laige  reservour,  which  occupies  about  four  acres  of  land  ; 
and  beyond  this  reservoir  is  a  smaller  one,  in  which  water  is  kept,  for  the  purpose 
of  being  let  out  occasionally  at  low  water  to  cleanse  the  whole  works  from  mud 
and  sedmient,  which  would  otherwise,  in  time,  clog  the  machinery. 

The  water-wheel  has  its  axle  in  a  position  paraUel  to  the  side  of  the  river, 
that  is,  parallel  to  the  sluice-^ates  which  admit  water  from  the  river;  the  length 
of  this  wheel  is  26  feet,  its  diameter  11  feet,  and  its  number  of  float-boards  32. 
These  boards  do  not  each  run  on  in  one  plane  from  one  end  of  the  wheel  to  the 
other,  but  the  whole  length  of  the  wheel  is  divided  into  four  equal  portions,  and 
the  parts  of  the  float-boards  belonging  to  each  of  these  portions  fall  gradually 
one  lower  than  another,  each  by  one-fourth  of  the  distance,  firom  one  Doard  to 
another,  measuring  on  the  circumference  of  the  wheel. 

This  contrivance  is  intended  to  equalize  the  action  of  water  upon  the  whed, 
and  prevent  its  moving  by  jerks.  The  wheel,  with  its  incumbent  apparatus, 
weighs  about  20  tons,  the  whole  of  which  is  raised  by  the  impulse  of  the  flowing 
tide,  when  admitted  through  the  sluice-gates.  It  is  placed  in  the  middle  of  the 
wateivway,  learing  a  passage  on  each  side  of  about  six  feet,  for  the  water  to 
flow  into  Uie  reservoir,  besides  that  which,  in  its  motion,  turns  the  wheel  round. 
Soon  after  the  tide  has  risen  to  the  highest,  (which  at  this  mill  is  often  20  feet 
above  the  low  water-mark,)  the  water  is  permitted  to  run  back  again  from  tbe 
reservoir  into  the  river,  and  by  this  means  it  gives  a  rotary  motion  to  tbe 
water-wheel  in  a  contrary  direction  to  that  with  which  it  movea  when  impelled 
by  the  rising  tide. 

TILES.  Plates  of  red  earthenware,  used  for  the  coverings  of  buildings,  slso 
for  paving  and  other  purposes.  They  are  made  of  tbe  better  kindodP  brick- 
maker's  clay,  washed  tree  from  stones  and  other  foreign  matter ;  then  moulded 
of  various  forms  according  to  the  purposes  required,  and  baked  in  kilna. 

TILLER.    The  bar  or  lever  employed  to  turn  the  rudder  in  floating ti 
for  the  purpose  of  steering. 


TIN.  795 

TILT.    The  awniug   or  canopy   spread  over  boats,   waggons,  and  other 
equipages. 

TILT-HAMMER.     A  large  heavy  hammer,  worked  by  machinery.    See 
Iron. 

TIME.  According  to  Mr.  Locke,  is  "  the  measure  of  duration."  ''  We  acquire 
our  notions  of  time,"  says  Dr.  Robison,  "  by  our  faculty  of  memory,  in  observing 
the  succession  of  events.  Time  is  conceived  by  us  as  unbounded^  continuous, 
homogeneous,  unchangeable  in  the  order  of  its  parts,  and  divisible  without  end. 
llie  lx>undaries  between  successive  portions  of  time  may  be  called  instants,  and 
minute  portions  of  it  may  be  called  moments.  Time  is  conceived  as  a  proper 
quantity,  made  up  o(  and  measured  by,  its  own  parts.  In  our  actual  measure- 
ments we  employ  some  event,  which  we  imagine  alwajrs  to  require  an  equal 
time  for  its  accomplishment;  and  this  time  is  employed  as  a  unit  of  time 
or  duration,  in  the  same  manner  as  we  employ  a  foot-rule  as  a  unit  of  exten- 
sion. As  often  as  this  event  is  aceomplishcMcl  during  some  observed  operation, 
so  often  do  we  imagine  that  the  time  of  the  operation  contains  this  unit  It  is 
thus  Uiat  we  affirm  that  the  time  of  a  heavy  body  falling  144  feet  is  thrice  as 
great  as  the  time  of  falling  16  feet ;  because  a  pendulum,  391  inches  long,  makes 
three  vibrations  in  the  first  case,  and  one  in  the  last"  **  Tiiere  is  an  analogy," 
says  our  learned  author,  <'  between  the  affections  of  space  and  time,  so  obvious, 
that  in  most  language!  the  same  words  are  used  to  express  the  affections  of 
both.  Hence  it  is  that  time  may  be  represented  by  lines,  and  measured  by  mo- 
tion ;  for  uniform  motion  is  the  simplest  succession  of  events  that  can  be  con- 
ceived." .  This  further  analogy  also  occurs  between  time  and  space,  namely, 
that  as  in  space  all  things  are  placed  in  the  order  of  situation,  so  in  time  all 
events  occur  in  the  order  of  succession.  (See  Elementt  €f  Mechanical  Philo- 
sophy, by  John  Robison,  LL.D.,  VoL  L)  Like  place,  time  may  also  be  dis- 
tinguished into  absolute  and  relative.  jIbtoUtU  time  is  time  considered  in  itself, 
without  any  relation  to  bodies  or  their  motions.  Relative,  or  apparetU  time,  is 
the  sensible  measure  of  any  duration  by  means  of  motion.  Time  is  also  astro- 
nomical, or  civil.  Aetronjomical  time  is  that  of  which  the  computation  and 
measure  depend  solely  on  the  motion  of  the  heavenly  bodies.  Civil  time  is 
astronomical  time  modified,  and  accommodated  to  the  purposes  of  civil  life. 

TIME-KCEPER.    An  instrument  for  measuring  time.     See  Horoloot. 

TIN.  A  metal  of  a  white  colour,  intermediate  between  silver  and  lead.  It 
is  considerably  harder  than  lead  ;  scarcely  at  all  sonorous ;  very  malleable,  being 
capable  of  extension,  under  the  hammer,  to  about  a  two-thousandth  part  of  an 
inch  in  thickness.  The  ordinary  tinfoil  is  about  a  one-thousandth  part  of  an 
inch  thick.  Tin  has  a  slight  unpleasant  taste,  and  emits  a  peculiar  smeU  when 
rubbed.  Specific  gravity,  7.291 .  It  is  very  flexible,  producing  a  remarkable  crack 
ling  noise  when  bended,  the  loudness  of  which  is  a  common,  though  not  very  ac- 
curate test  of  its  purity.  Tin  melts  at  442®  Fahr. ;  when  fresh  cast,  or  fresh 
scraped,  it  is  very  brilliant,  but  it  g^radually  loses  its  lustre  by  exposure  to  the  air, 
and  acquires  a  greyish- white  tint,  which'  does  not  sensibly  change.  Like  lead, 
when  heated  nearly  to  fusion,  it  is  brittle,  and  may  be  easily  broken  up  by  a 
hammer,  when  it  exhibits  a  grained  or  fibrous  texture.  It  may  also  be  reduced 
to  powder  by  agitation,  at  the  period  of  its  transition  from  the  solid  to  the  fluid 
state. 

There  are  several  kinds  or  qualities  of  tin.  The  Cornish  block  tin  is  usually 
in  blocks  of  about  three  cwt  each  ;  which  are,  however,  run  into  smaUer  masses, 
of  30  or  40  lbs.  each,  for  the  convenience  of  trade.  The  common  block  tin  is 
contaminated  with  a  minute  quantity  of  other  metals,  generally  copper,  to  *be 
extent  of  about  a  thousandth  part  *'  Refined  block-titi "  is  in  blocks  of  tin 
melted  into  long  narrow  sticks,  of  a  few  ounces  each.  The  "  grain  tin"  is  the 
purest  of  the  several  English  kinds,  being  obtained  from  the  pure  oxide  of  tin 
of  the  steam-works  of  Cornwall.  It  is  first  cast  into  blocks  of  about  1 20  lbs.  each, 
and  afterwards  melted,  so  as  to  separate  it  into  fragments  resembling  rocks; 
which  is  produced  by  letting  the  metal  fidl,  when  barelv  fluid,  from  a  great 
height  The  tin  imported  from  the  East  Indies,  particularly  Malacca,  is  e»- 
teemed  very  pore,  and  considered  the  best  for  organ  pipes,  and  some  other  uses. 
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Ni^ct  united  to  tin,  fimu  •  wbile  tai  btflUant  mtm.  Half  a  pan  a 
^«)t«l  with  two  paiti  of  cobalt,  and  the  lame  qoantitj  of  mmiatc  tt  wait 
■idtcd  Bonmr  vilh  an  alloT  in  fnuB  doae  giaim  of  a  li^ht  videt  coloor.  I 
patta  of  till  and  btHnntli  Ibnn  a  brittle  >llaj,  of  a  mtdium  cakNiT  betwca 
tvo  metal*,  and  the  fractwe  of  wbieb  prnenti  cubical  (itceta. 

ZiiM!  nuila  peTfrctlj  with  tin,  and  prodoce*  a  haid  netal,  of  a  tUtm  iii 
fraetiRE ;  it*  duetililT  incteaaa  with  the  pmpartioo  of  tin. 

Antimoaj  and  lin  fono  a  «bite  uid  bnlliant  allt^,  «kich  ia  £miogc 
from  otber  alloyi  of  tin  bj  iti  poaeaiog  a  Icai  ipeofic  grari^  tliaa  citi 
the  tva  uwtali  by  «bicb  it  ii  farmed. 

Id  combiniof;  anenic  vith  tin,  preautiraii  mutt  be  taken  to  pRrei 
anmic  fhmi  eiespiog  bj  TolatiliiatiiMi.  Three  parti  of  tin  maj  be  ptit  i 
retort,  «ith  oae-eighdi  put  of  anenic  in  powder  ;  fit  on  a  receicer,  and 
tne  retort  red  hot;  very  little  anenic  rim,  and  a  melallic  lamp  ii  fouDd  i 
LoUam,  coo  lain  ing  about  une-fiflrenth  pan  of  anenic;  it  cifitallixea  in 
facets,  ii  very  briltle,  and  hard  to  melL 

If  tin  be  kepi  in  fuaiMi  with  acceia  of  air,  itatnr&ee  i**pe«dilj  eoreiej 
■  greyiah  pellicle,  which  li  renewed  ai  fa*t  a*  it  it  remored.  If  this 
oxide  be  palTetiied  and  tifted.  to  aeparale  the  uncalcined  tin,  and  caloned 
tm  leleru  boiir*,  under  a  muffle,  it  b«comei  the  jellow  oxide  of  tin,  called  a 
artizan*  paltf  ^(m,  and  eiieouTelj  u*ed  in  poliihii^  of  glaa^  ateel,  and 
hard  bodie*. 

A  white  oiide  of  tin  ii  tued  in  forming  the  opaque  kind  of  glas*  called  en 
Tbii  compoaition  ii  made  b;  calcining  100  parts  of  [pad  and  30  parti  of  1 
a  furnace,  and  then  fluxing  theie  oiidei  wilh  100  par)*  of  *aad,  and  20  of  p 
Thi*  enamel  ii  wbite,  and  ii  coloured  with  metallic  oxide*. 

All  the  mineral  acidi  diuolve  tin,  and  it  may  be  precipitated  from  ita 
tioni  b;  polan  ;  but  an  eicmi  of  potui  will  re-dissolre  the  metaL  I 
muriate  of  gold  ii  a  test  of  tin  in  lolution,  with  which  it  form*  a  fine  n 
precipitale, 

Tbe  lulpburic  acid  disiolte*  tin,  whether  concentrated  or  dQuted  with  ■ 

Ettt  of  the  acid  i*  decompoaed.  and  ffiei  oiT  in  tbe  furm  of  sulpburoui  acii 
leat  accelerate!  the  effect  of  the  ucid.    Tin,  dixsolired  in  the  >ulphurjc  w 

Tlie  (olulion  of  tin  in  the  nitric  acid  ia  performed  with  aitoniahing  r«p 
and  the  metal  ii  precipitated  aimoit  inilantly  in  the  form  of  a  white  oxidi 
thi*  acid  be  loaded  with  all  the  lin  il  li  capable  of  calcining,  and  the  oxi 
wathed  with  a  coniidernble  quantity  of  dialilled  water,  a  aalt  maj-  be  obt 
by  evaporation,  which  delonalet  aliine  in  a  crucible  well  heated,  and  bunu 
a  white  and  (hick  flame,  like  that  of  pbospliorui.  Tbe  nitric  acid  holda 
very  imall  quantity  of  tin  in  solution,  and  when  evaporated  for  the  ptup. 
vblaining  crystal*,  the  diuolved  portion  quicklv  precipltales,  and  the 
remain*  nearlv  in  a  atate  of  puritjr.  Nitric  acid,  much  diluted,  holda  t 
more  tin  ui  *olution,  Imt  let*  it  fall  by  ilanding,  or  by  Ihe  appUcatiun  of  bi 
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The  muriatic  add  disiolves  tin,  whether  cold  or  hot,  diluted  or  concentrated. 
If  fuming,  and  assisted  by  a  gentle  heat,  the  addition  of  the  tin  instantly  causes 
it  to  lose  its  colour  and  property  of  emitting  fumes,  and  a  slight  effervescence 
takes  place.  The  acid  dissolves  more  than  naif  its  weight  of  tin ;  the  solution 
is  yellowish,  of  a  fetid  smell,  and  affords  no  precipitate  of  oxide,  like  the  sul- 
phuric and  nitnc  acids. 

The  oxy-muriatic  acid  dissolves  tin  very  readily,  and  without  eflfervescence, 
because  the  metal  quickly  absorbs  the  superabundant  oxygen  from  the  acid,  and 
requires' no  decomposition  of  the  water  to  effect  its  oxidation. 

Nitro-mariatic  acid,  made  with  two  parts  of  nitric  acid,  and  one  of  muriatie 
acid,  dissolves  tin  with  effervescence.  It  is  the  solution  of  tin  in  this  acid  which 
the  dyers  employ  to  heighten  the  colour  of  their  scarlet  dyes.  It  is  prepared 
by  adding  smaU  portions  at  a  time,  of  tin,  to  the  common  aquafortis  of  com- 
merce :  when  the  appearance  of  oxide  is  observed  at  the  bottom  of  the  jar, 
muriate  of  soda  is  aaded,  by  which  its  solution  is  effected.  If  the  colour  im- 
parted by  this  solution  is  not  bright,  a  little  nitrate  of  potass  is  added  to  it 

The  acetous,  and  most  other  vegetable  acids,  have  some  action  upon  tin,  par- 
ticulariy  when  aided  by  a  gentle  heat;  but  the  solutions  thus  obtamed  are  not 
used  in  the  arts.  Tin  decomposes  the  corrosive  muriate  of  mercury.  It  is  for 
this  purpose  amalgamated  with  a  small  portion  of  mercury  and  this  amalgam, 
being  first  triturated  in  a  mortar  with  the  corrosive  muriate,  the  mixture  is  then 
distilled  by  a  gentle  heat  A  colourless  liquor  first  passes  over,  and  is  followed 
by  a  thick  white  vapour,  which  issues  with  a  kind  of  explosion,  and  covers  the 
internal  surface  of  the  receiver  with  a  very  thin  white  crust  The  vapour 
becomes  condensed  into  a  transparent  liquor,  which  continually  emits  a  thick, 
white,  and  very  abundant  fume.  It  was  formerly  called  the  fiammg  liquor  pf 
LibatfhUf  and  is  the  combination  of  the  muriatic  acid  and  tin. 

Tin  has  a  strong  affinity  for  sulphur ;  the  sulphuret  of  tin  may  be  formed  by 
fusing  the  two  substances  together :  it  is  brittle,  heavier  than  tin,  and  not  fusible. 
It  has  a  blueish  colour,  a  lamellated  texture,  and  is  capable  of  crystallizing. 

The  white  oxide  of  tin  combines  with  sulphur,  and  forms  a  compound  called 
aurum  munvum,  or  motaie  goldy  which  is  much  used  for  giving  to  plaster-o^ 
Paris  the  resemblance  of  bronze,  and  improving  the  appearance  of  bronze  itself. 
It  is  also  occasionally  used  to  increase  the  effects  of  electrical  machines.  See 
Aurum  Musivum. 

Tin  possesses  the  property  in  a  remarkable  degree  of  promoting  the  fusibility 
of  other  metals,  with  wnich  it  is  mixed.  Two  parts  of  lead,  and  one  of  tin, 
which  forms  the  best  plumber's  solder,  melt  at  a  temperature  of  little  more  than 
300*  Fahr. ;  although  the  melting  point  of  tin  alone  is  440*,  and  that  of  lead 
612*.  One  part  of  tin,  and  two  of  lead,  which  forms  the  inferior  plumber's 
solder,  melt  at  a  lower  temperature  than  the  first-mentioned  proportions,  not- 
withstanding the  increased  quantity  of  the  less  fusible  metal.  Eight  parts  of 
bismuth,  (which  melts  per  se  at  480^,)  five  of  lead,  and  three  of  tin,  fuse  at  a 
heat  below  that  of  boiling  water.  It  is  this  alloy  of  which  tea-spoons  are  some- 
times made,  to  surprise  Uiose  who  are  ignorant  of  their  nature,  by  their  meltiug 
in  a  cup  of  hot  tea. 

The  uses  of  tin  are  so  very  numerous,  and  so  well  known,  as  not  to  need 
detailing.  We  shall  advert  to  only  a  few ;  viz.  the  fabrication  of  boilers  and 
kettles  u)r  dyers'  use ;  the  worms  of  stills ;  the  drawing  of  pipes,  (erroneously 
called  pewter)  for  gas  conduits,  for  beer,  wine,  vinegar,  and  other  acetous  liquids, 
which  have  no  action  upon  pure  tin :  if  the  tin  were  alloyed,  it  could  not  be 
drawn  into  sound  pipes.  Tin  forms  the  principal  ingredient  in  pewter  of  all 
qualities,  and  enters  largely  into  the  greater  part  of  the  white  alloys  in  such 
extensive  use.  Immense  quantities  of  tin  are  used  in  the  fabrication  of  tinned 
iron  plates,  improperly  called  tin-plates.  We  may  also  here  notice  a  new  and  most 
important  application  of  this  pure  metal,  (under  a  patent  granted  to  Mr.  John 
Warner,  jun.  founder,  &c.,  or  Cripplegate,  London,)  which  is  that  of  giving  a 
perfect  and  beautiful  coat  of  tin  to  lead  pipes,  which  thus  possess  the  valuable 
qualities  of  both  metals;  viz.  the  cheapness  and  flexibility  of  lead,  and  the 
purity  and  indcstnictibility  of  tin. 
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TINNING.  The  wt  of  eorering  any  metal  with  a  thin  eomtiag  of  te. 
Copper  feod  iroo  we  the  meuls  moit  eommonlj  tinned.  The  use  of  tinning 
these  metak  ii  to  prevent  them  from  heing  corroded  bj  imt,  ns  tin  is  not  m 
euily  acted  upon  bj  the  air  or  water,  ai  iron  and  copper  are.  What  are  com- 
monly called  tin-plates,  or  sheeti,  so  much  used  for  utensils  of  Tarions  kinds, 
are,  in  fact,  iron  plates  coated  with  tin.  The  principal  drcumatanoe  in  die  art 
of  tinning  is,  to  have  the  surfaces  of  the  metal  to  be  tinned  petfectlr  ciean  and 
free  from  rurt,  and  alio  that  the  melted  tin  may  be  perfectly  meCal&Ct  and  not 
covered  with  any  ashes  or  calx  of  tin.  When  iron  plates  are  to  be  tiimedv  they 
are  first  icoured,  and  then  put  into  what  is  caOed  a  pickle,  whi^  is  snlphmic 
acid  diluted  with  water;  this  dimohret  the  met  or  oxide  that  was  left  after 
scouring,  and  renders  the  surface  perfectly  clean.  They  are  dien  wmin  washed 
and  scoured.  They  are  now  dipped  in  a  vessel  full  of  mdted  tin,  me  anrfibceof 
which  is  covered  with  fat  or  oil,  to  defend  it  from  the  action  of  the  air.  By  this 
means,  the  iron  coming  into  contact  with  the  melted  tin  in  a  petteedy  metaDie 
state,  it  comes  out  completely  coated.  When  a  smaQ  quantity  of  iron  only  is  to 
be  tinned,  it  is  heated,  and  the  tin  rubbed  on  with  a  piece  of  doth,  or  aome 
tow,  having  first  sprinkled  the  iron  with  some  powdered  resin,  the  use  of  whidi 
is  to  reduce  the  tin  that  may  be  oxidated.  Any  inflammable  substanoe,  as  oO 
for  instance,  will  have  in  some  degree  the  same  effect,  which  is  owing  to  their 
attraction  for  oxygen.  Sheets  of  copper  may  be  tinned  in  the  same  manner  as 
iron.  Copper  boilers,  saucepans,  and  other  kitchen  utensils,  are  tinned  after 
they  are  made.  They  are  first  scoured,  then  made  hot,  and  the  tin  mhbed  on 
as  before  with  resin.  Nothing  ought  to  be  used  for  this  purpose  but  pure  grain 
tin ;  but  lead  is  fr^uently  mixed  with  the  tin,  both  to  adulterate  its  quality, 
and  make  it  lie  on  more  easily ;  but  it  is  a  very  pernicious  practice,  and  ought 
to  be  severely  reprobated. 

TITANIUM.  A  new  metal  discovered  by  the  Rev.  Mr.  Gregor,  in  the 
beginning  of  the  present  century,  in  CorowaU.  Klaproth  subsequenuy  found  it 
in  the  reid-shorl  of  Hiuigar}-,  and  gave  it  the  name  of  titanium.  Lamnadiui 
was  the  first  who  completely  reduced  it,  which  he  effected  by  charcoaf  only. 
The  metal  was  of  a  dark  copper  colour,  with  much  brilliancy,  brittle,  and  in 
small  scales  considerably  elastic.  It  tarnishes  in  the  air,  and  is  easily  oxidised 
by  heat :  it  then  acouires  a  purple  tint  It  detonates  with  nitre,  and  is  infusible. 
All  the  mineral  acios  act  upon  it  with  great  energy.  Accordu^  to  Vauquelui, 
it  is  volatilized  by  intense  heat 

TOBACCO.  The  dried  leaves  of  a  foreign  poisonous  plant,  moat  exten- 
sively cultivated  in  many  parts  of  the  world,  to  numish  a  species  of  aliment  lo 
the  aepravcd  tastes  of  a  large  portion  of  the  human  race. 

Tobacco  is  a  potent  narcotic,  and  also  a  strong  stimulus,  and  in  small  doaea  proves 
violently  emetic  and  purgative.  The  oil  is  remarkable  for  its  extreme  malig- 
nancy, and  when  applied  to  a  wound,  is  said,  by  Redi,  to  be  as  &tal  as  the  poison 
of  a  viper.  The  decoction,  smoke,  and  powder  arc  used  in  agriculture  to  d^troj 
insects. 

Tobacco  being  cultivated  for  the  leaves,  it  is  an  object  to  r<^nder  theae  ma  laige 
and  also  as  numerous  as  possible,  and  therefore  the  most  fertile  soil  is  preferred. 
It  is  very  sensible  to  frost  The  plants  are  raised  on  beds,  early  in  spring,  and 
when  they  have  acquired  four  leaves,  they  are  planted  in  the  fieloa,  in  weQ 
prc))ared  earth,  about  three  feet  distant  every  way.  Every  morning  and  evening 
the  plants  require  to  be  looked  over,  in  order  to  destroy  a  worm  which  some- 
times invades  the  bud.  When  four  or  five  inches  hifh,  they  are  moulded  un. 
As  soon  as  they  have  eight  or  nine  leaves,  and  are  reaay  to  put  forth  a  stalk,  the 
top  is  nipped  off,  in  oraer  to  make  the  leaves  larger  and  thicker.  After  this 
the  buds,  which  sprout  from  the  axils  of  the  leaves,  are  all  plucked ;  and  not  a 
day  is  suffered  to  pass  without  examining  the  leaves,  to  destroy  a  large  catet^ 
pillar,  which  is  sometimes  very  destructive  to  them.  When  they  are  fit  for 
cutting,  which  is  known  bv  the  brittleness  of  the  leaves,  they  are  cut  with  a 
knife,  close  to  the  ground;  and,  after  laying  some  time,  are  carried  to  the 
drying  shed,  where  the  plants  are  hung  up  by  pairs,  upon  lines,  having  a  apace 
between,  that  they  may  not  touch  one  another.     In  tnis  state  they  remain  to 
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■WMt  and  dry ;  when  p«tfeel]y  dry,  the  lesTei  are  stripped  fivm  the  italki,  uid 
made  into  miall  bundles,  tied  with  one  of  the  leaves.  Hies*  bundlet  are  laid 
in  heaps,  and  covered  with  blankets.  Care  is  taken  not  to  overheat  them,  for 
which  reason  the  hea^  are  laid  open  to  the  air  fiofn  time  to  time,  and  spread 
■bioad.  This  operation  is  repealed  till  no  more  heat  is  perceived  in  the  heap^ 
and  the  tobacco  is  then  stowed  in  casks  for  exportation. 

In  the  manufacture  of  tobacco,  the  leaves  are  fint  cleansed  of  my  earth, 
dirt,  or  decayed  parts ;  next,  thej  are  slightly  moistened  with  salt  and  water,  or 
water  in  which  salt  and  other  ingredients  have  been  disaolved  according  to  the 
lute  of  the  fabricator.     This  liquor  is  called  U)baeeo  lauet. 

The  next  operation  is  to  remove  the  mid-rib  of  the  leaves,  which  is  reserved 
(o  be  dried  and  ground  for  snuff.  The  leaves  are  then  manu&etured  into  s 
variety  of  articles,  by  rolling,  twiatiog,  and  cutting ;  but  the  chief  are  the 
making  of  segars,  and  the  cutting  the  leaves  by  a  madune  into  fine  shreds,  for 
smoking  with  pipes,  oi  chewing. .  The  machine  hj  which  the  latter  operation 
is  condocted  is  a  very  effective  instrument,  a  knife  being  made  to  dtemate 
vetticollj  between  grooves,  with  very  great  rapidly,  while  the  tobacco  leaves, 
confined  in  a  channel,  are  gradually  moved  forward  by  a  r^ulated  ^lautity  of 
motion  under  the  opentiou  of  the  knife,  bv  which  the  ihred*  are  uniformly  cut 
of  any  re<iuired  thickness. 

A  patent  for  an  improvemenUin  the  machines  used  Ibrthis  panose,  was  taken 
taken  out  by  Mr.  Samuel  Wellman  Wright,  in  1828.  Instead  of  the  alter- 
natingaction  ofaiingle  knife,  Mr.  WrightliBsinCroducedaserie*  of  knhes,  placed 
as  iMii  to  a  wheel,  which,  as  they  revolve,  cut  the  tobacco  into  shreds;  much 
resembling  in  its  action  the  chaflnnitting  machine  in  general  nse^  except  that 
the  knives  In  the  Utter  bare  a  curvature  given  to  Ihem,  in  order  that  they  may 


cut  with  •  slicing  action,  and  not  with  a  chop,  as  in  the  macbina  we  an  about 

to  describe,  which  may,  however,  be  easilj  altered  weording  to  our  mggestion. 

Ifg.  I,  (abore)  and  f^.  2  aimazed,  rentesmt  two  dsratmii  (^  views  of  the 
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mmcliiiie.  one  being  mt  right  uiglci  to  tha  otbcr.  m  b  the  main  au,  act  a 
mation  by  the  dnim  b;  e  e  ii  a  flf-whe#l  haTiag  bii^n*  dd,  to  wbieb  the 
entten<  e  are  attached  by  icrrwi,  (the>e  anbsataeeii  in  ^g,  I;)  odwr  acnvi// 
arc  employed  to  adjutt  and  wt  the  hinga  d  d,ta  that  the  eutteia  «ti-ll  pna 
clou  to  the  front  of  the  box  g,  in  which  tha  tobacco  ii  plared  ;  h  k  are  tB« 
•cretri  for  preiiing  the  tobacco  down  ;  and  k  a  ktcw,  by  the  tuTDing  of  whid 
it  ii  piuhed  forward  towudi  (he  eutten.  Thii  acrcw  ii  •Qjqxnted  in  plummer 
bloclii  / 1,  and  works  in  a  nut  fixed  in  a  inasaTe  Uock  at,  from  which  two  atrow 
ban  proceed  to  anolhet  block  in  the  boi  g,  which  prewca  the  tobacco  forwai3 
bj  the  revolution  of  the  iciew.  On  the  wdt  of  the  fcrew  ia  a  tieU*  paQey, 
drino  by  a  cal^t  band  from  anotber  pull^  i^  on  the  axil  tX  »,  which  adnult 


of  the  velocity  of  the  screw  beine  varied  according  aa  the  tobacco  ii  raijuirad  to 
be  cut  fiiie  or  coarae.  The  treble  pulley  ii  made  to  carry  round  a  acrew  by  a 
■liding  clutch  p  in  the  axil  of  the  tcrew,  which  ia  kept  prened  by  a  fork  lying 
ia  erooTci  in  the  clutch. 

When  the  hoi  require!  a  freib  lupply  of  tobacco,  the  fork  ii  luniad  baok  ftom 


to  tha  Dlher  end  of  the  box  g. 

TODUY.  A  juice  drawn  from  variou*  kindi  of  palmi,  by  cutting  off  meh 
branches  a*  nature  intended  to  bear  fruit,  and  receiving  froin  the  wotiad  the  aap 
designed  far  the  nouriibment  of  the  future  crop.  Thii  juice  being  fennentod 
and  diitilled  with  lome  other  ingredienti,  fortni  tha  celetwated  ipirituona  liquoc 
called  arrack  or  riic<t'. 

TOMBAC.     An  alloy  of  capper,  with  about  one-iixth  part  of  sine. 

TOPAZ.  A  precioui  alone  found  in  Saxony,  Bohemia,  Siberia,  and  Brazil, 
mized  with  other  miiierali,  in  gnmiiic  rocki.  Tha  yellow  topas  of  Braxil 
become!  red  when  expoaed  Co  a  itronf  heat  in  a  crucible ;  that  of  Saxonr 
become)  white  by  the  aame  proceu,  ihowing  that  the  colouring  matter  of  ecch 
ia  not  the  aatna. 

TOPOGRAPHY.  A  deicription  or  draflof  •omelnet  of  land,  u  th4t  of« 
dty,  town,  villa,  field,  tie.  •>  let  out  by  lurreyert. 


TRANSFERRING.  tol 

TORMENTOR.  An  instrument  mocb  nted  in  tillage,  ■ometimet  for  breaking 
down  the  stiff  clods,  and  at  other  times  lor  skimming  Uie  sorface  turf,  for  the 
imrpose  of  burning.  It  resembles  a  harrow  in  its  general  appearance,  but  runs 
upon  wheels,  and  each  tire  is  furnished  with  a  hoe  or  share  that  enters  and  cuts 
up  the  ground. 

TORl'EDO.  A  sub-marine  apparatus,  invented  hy  Robert  Fulton  for  the 
purpose  of  destroying  ships.  It  consisted  of  a  Tessd  or  case,  charged  with 
combustible  matter,  which  he  proposed  to  transfix  by  a  harpoon  to  the  bottom 
^f  a  ship,  by  diving  uodemeatn  it  in  bis  *'  nautilus,"  in  which  he  sometimes 
remained  under  water  for  an  hour  at  a  time.  Buonaparte  employed  him  to 
apply  his  **  infernal  machine  "  to  some  British  ships  in  the  Channel ;  but  Fulton 
failed  in  his  attempts  to  fix  his  torpedoes ;  whereupon  the  impatient  consul  of 
the  French  republic  regarded  him  as  a  ouack,  and  dismissed  him,  unjustly 
observing,  **  Get  Amerieain  •^tait  <un  charlatan^  nn  escroc  qui  voulait  seole- 
ment  attraper  deramot" 

TORTOISESHELL.  The  shell  of  the  tortoise,  a  testaceous  animal,  used  in 
the  fabrication  of  many  articles  *of  omament  and  utility.  The  oonib-maken 
and  hom-tumen  of  France,  Holland,  aod  Germany,  make  use  of  the  parings 
and  dippings  «f  bom  and  tortoisesheU,  in  the  manufacture  of  snuff^xes,  and 
a  variety  of -elegant  articles  and  toys.  They  first  sofWn  the  material  in  bmling 
water,  so  as  to  be  able  to  press  it  into  iron  moulds,  and  then,  by  means  of  heat, 
unite  them  intimately  into  one  mass.  Care  must  be  taken  that  the  heat  be  not 
so  powerful  as  to  scorch  the  material ;  and  grease  must  be  carefully  avoided,  as 
-that  prevents  their  union. 

TOURNIQUET.    A  surgical  instrument  employed  to  stop  bleeding. 

TOW.   Coarse  undressed  hemp,  or  old  rope  reduced  to  the  filamentous  state; 

TRAGACANTH.  A  gum,  also  called  gum  adracant,  and  gum  dragon,  is 
the  produce  of  the  above,  and  some  other  shrubs.  The  gum  is  brought  to  us  in 
long  and  slender  pieoes,  of  adatted  figure  more  or  lets ;  and  diese  not  straiglit, 
or  rarely  so,  but  commonly  twisted  or  contorted  various  ways,  so  as  to  resemble 
worms.  We  sometimes  meet  with  it,  like  the  other  vegetable  exudations,  in 
roundish  drops,  hot  these  are  much  more  rare.  It  is  moderately  heavy,  of  a  firm 
consistence,  and,  properly  speaking,  very  tough  rather  than  hard,  and  is  extremely 
difficult  to  powder,  unless  first  carefully  dried,  and  the  mortar  and  pestle  kept 
dry.  Its  naturui  colour  is  a  pale  white,  and  in  the  cleanest  pieces  it  is  something 
transparent  It  is  often,  however,  met  with  of  a  brownish  tinge,  and  of  other 
colours  still  more  opaque.  It  has  no  smell,  and  very  little  taste,  but  what  it 
has  is  disagreeable.  Taken  into  the  mouth,  it  does  not  grow  clammy, 
and  stick  to  the  teeth,  as  gum  arabic  does,  but  melts  into  a  kind  of  very  soft 
mucilage.  It  dissolves  in  water  but  slowly,  and  communicatee  its  mucilaginous 
quality  to  a  great  quantity  of  that  fluid.  It  is  by  no  means  soluble  in  oily  or 
spirituous  liquors,  nor  is  it  inflammable.  Ix  is  brought  to  us  from  the  island  of 
Crete,  and  from  several  parts  of  Asia.  It  is  to  be  chosen  in  long  twisted  pieces 
of  a  whitish  colour,  free  from  all  other  colours,  which  must  be  rejected. 

TRAMMEL.  An  instrument  employed  by  artificers  and  draftsmen  for 
drawing  ell^Mes.  4t  consists  of  a  cross  with  two  grooves  at  right  angles  to  each 
other,  and  a  beam  containing  two  pins  that  are  made  to  traverse  in  the  grooves 
by  the  revolution  of  the  bar ;  the  bar  carries  a  pencil  that  describes  an  ellipse. 

TRANSFERRING  of  engravings  and  lithographic  drawings  from  the 
paper,  on  to  wood,  or  other  material,  is  thus  performed.  The  print  is  first 
placed  in  a  vessel  of  water,  until  it  is  completely  saturated,  which  will  be  in 
about  five  or  ten  minutes,  and  then  placed  between  blotting  paper  to  remove 
the  superabundant  water  fVom  its  surface.  It  is  then  varnished  by  a  brush,  and 
applied  immediately  to  the  wood,  which  has  been  previously  varnished  and 
allowed  to  •  dry.  The  print,  thus  applied,  may  be  subjected  to  the  pressure 
necessary  to  effect  its  complete  adhesion,  by  spreading  over  it  a  sheet  of  paper, 
and  rubbing  this  with  the  hand.  The  paper  on  wbi^  the  print  was  made  may 
then  be  peeled  oft'  by  rubbing  it  cautiously  with  tlie  moisMDed  finders,  and  when 
wholly  removed,  a  coat  of  varnish  mnst  be  applied  I9  the  print  When  coloured 
prints  are  to  be  transferred,  an  acid  solution  must  bo  nsea  instead  of  water,  to 
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dntroj  the  Hie  wlncfa  nkU  in  the  fMpn.     Hm  h 
t«i>-tliirdi  of  finegir  uid  one-third  a(  «Mec,  aad 
iMck  of  (he  print.      If  tlia  mctkte  n  (•  ba 
vamiih.  dioving  each  ta  dnr  bcCoi 
Iba  tuttjce  irilh  a  piece  of  vooll 
palpable  ponder,     when  theioTfi 

taoued  irilh  s  fine  doth,  and  the  finest  tripoli  widi  olive  ofl. 
.  n  ordinarily 


TRANSPARENCIES.     !■  a  term  ordinarily  applied  b 
with  Mini-tTaniparent  or  tranehiocnt  matmab,  and  illaniiiimte4  at  tha^ 
a«  to  eihibic  them  at  nighL    The  ait  of  frtpanof  ibem  k  aa  fbllowi 

The  paper  (or  other  material)  mmt  ba  fiicd  ma 
to  fjace  it  between  the  e;e  and  the  Ucht,  i 
detign,  the  colour  muit  be  laid  on,  in  UM  n 
When  the  tints  are  got  in,  place  tha  pictiire  againit  die  w 
rpoH,  and  begin  to  itrengllien  the  a1 


1  Btrainiiic  frMDc,  i 
n  renircd.  After  b^ 
J  MCtbed  of  atunea   dn 


timei  on  both  aide*  of  the  paper,  to  gii 
lait  loucbei  tar  giving  final  itrength  to 
JTory-black  or  tamp-blaek  prepurad  with  gnm-vai 
---■  capable  "^  -;-— -  _i-^.*jk  ^..j  a^^a 


sr  giving  final 
•r  tamp-blaek 


greater  fecee  and  £pOt  of  cnloa: 


iTug  ftrength  aad  deeiaiao.     When   tha  dni 


got  itidepthof  oolour  andhrilUnej,  Wii 


arxE 


rti  which  are  not  intereetine  ihoiild  he  k«pt 
1  where  the  principal  light  ia,  they  ahoi 
ipt  of  lif(urei  abauld  be  well  contntated  ;  ti 


finUhed,  -    -      _  . 

dry,  touch  very  carefully  with  ipiriti  of  turpendne,  an  both  _   

which  are  to  be  the  brigliteM,  such  M  the  mooa  and  fire;  and  thM) 
requiring  leu  brigtilncu,  only  on  one  ride.  Then  lay  on  immediMely, 
pencil,  a  vamiih,  made  by  diiKilring  one  oonce  td  Canada  <— Item  in  an 
quantity  of  ipirit  of  turpentine.  Be  eanlioaa  with  the  vaniiah,  aa  it  ia 
■praad.  When  the  vamiih  it  dry,  tiiin  the  flame  with  red  lead  and  ga« 
•liehtly  touching  the  imoke  next  the  flame.  The  moon  muit  not  be  tiut< 
colour.  Much  dependi  upon  the  choice  of  dia  nibject.  The  great  poin 
■ttainnl  ii  a  happy  coincidence  between  the  Ribiect  and  th«  afiect  pra 
The  fine  light  ihould  not  be  too  near  the  moon,  aa  iti  ^are  would  tend  to 
her  pale  lilver  light ;  thoae  parti  which 
undiiliiiguiabable  gloom;  and  i  ' 
marked  with  precition.     (iroupt 

■hadow  crMaing  thoie  that  are  in  light,  by  which  meani  the  oppoaitaon  oi 
again  It  ihade  ii  effected, 

THEAD-MILL.  Ii  a  miU  worked  by  the  weight  of  petaona  trT*din| 
the  lirat  moTcment,  which  ia  uiually  a  wide  cylindrical  wheel,  having  n\ 
periphery  a  leriei  of  projecting  ilepi  or  boardi,  rreembling  thoae  of  ■ 
wheel.  The  weight  of  the  inaii'iduiiU  continually  climbing  these  ateri^ 
it  to  turn  round,  and  put  in  motion  any  other  machinery,  by  naana  oCar 
gear.  Ttsad-milli  are  now  reaorted  to  pretty  generally  in  thi*  country 
means  of  prisan  discipline  ;  and  the  result  hns  been,  that  men  cannot  be 
)u  work  this  speciei  of  machine  out  of  prison,  conceiving  the  amploymeni 
ilegrHdiriK.     The  Chineie  raise  water  by  a  liniilar  contrivance  for  irrigBli 

Tltl':E-NAlLS.  Are  cylindrical  wooden  pint  or  bolts,  used  to  faaton  { 
tn  liinben,  especially  in  ship-building. 

TKEI'ANNING.  Is  a  surgical  operatinn  fur  opening  ihe  skull  in  ci 
fraclute ;  a  description  of  which  does  not  form  a  ))uit  uf  the  plau  uf  thi* 
and  we  only  introduce  tlie  iiibject,  in  order  lo  describe  the  inslmniant  by 
it  is  pcrfoniieit,  aa  the  principle  of  its  construction  may  be  adrantag 
applied  lo  otiier  purpoaea.  a  represenla  a  thin  steel  tube,  the  edge  of  wl 
serrated  into  fine  sharp  teeth,  forming  thereby  aii  annular  saw;  it  ia  fixe 
■lout  brans  collar  b,  uhtch  is  adjualcd  to  the  end  of  the  axii  c,  and  re 
ttierewith,  when  turned  by  the  winch  dl  There  are  three  screw  support^ 
the  uppt'r  and  lower  plates,  which  form  the  ftame,  and  ike  dialunce  ■ 
liblet  i'rutn  each  otlier  is  adjustable  by  the  acrewa  e  e.  The  end  of  the 
is  fiTiiied  into  a  puinled  drill,  and  extends  a  little  beyond  it. 

Tlie  euie  which  cu'iiainathistnsltiiment  ia  provided  with  several  aised  • 
Mw<,  J.ills,  and  screws.   The  surge uiis  iu  iiiiug  this  in«lrumeiit,  (after  Twi 


pKMQtiDg  it  bom  lUppiiig,  utA  ibe  perfonoioii  tlmi  itikde  by  thi  d 


■JtniTBTdi  fin  tha  intntka  oTa  icn*,  fij  vEiph  tha  mnonl  of  the  ciicuUr 
piece  of  bone  i«  enicred.  Accch  it  thu«  nined  undrr  the  arch  of  the  akull 
for  remoring  the  ipliDten  or  railing  tha  depretied  porta,  occaiioncd  bj  the 
ftvoture.  CiTcuIar  Mwi  of  thii  deampdoD  luiTe  already  been  applied  for 
cutiing  out  piilan  a«d  eraicentric  cylindcn  from  aolid  blocka  of  done  j  and 
our  mechanical  readen  will  find  out  man;  otbar  valuable  UMf  for  the  appliea- 
tion  of  a  limilai  inalrtimeiit 

TRIANGLE.  In  geometi;,  a  flgwe  boonded  or  coMtained  bv  three  line>  or 
•idet,  and  which  coniequeatl;  hai  three  anglea,  from  wheace  the  figure  takea 

TKIA^OULAtU:OHPASSES.  An  oompmei  with  tlwee  lege,  wherebj 
te  take  off  any  triangle  at  once ;  much  urea  in  the  oxutmctioD  of  mapi, 
glo1>e<,  ftc 

TRUCK.  A  fmall  wheel  carriage  to  be  mored  by  hand;  a  ipedea  of  barrow 
with  two  wheeli ;  they  are  made  in  a  ^reat  varie^  of  fbrmi,  to  adapt  them  to 
their  pecnliar  objecta,  auch  m  the  monngof  utehe,  hui,  caaki,  CMea,  lead,  iron, 
copper,  Mone,  ftc  &e.  Ts  describe  thote  almple,  well-known  maehinei,  would 
be  of  little  utility;  we  therefore  confine  onr  etiMtioo  to  •  •rtry  ingenioaily 
contrived  track,  mTCBted  bj  Mr.  S.  W.  Wright,  and  which  la  employed  at  the 
West  India  Dock  Company's  warehouaee,  for  nHifing  and  atackiug  the  sugar 
hogsheads  in  tiera;  an  operation  pvriaasly  perfcnned  by  other  mecbauicel 
meant,  and  technically  called  "riding  the  hogsheads." 

a  tt  a  shows  the  frame  of  ibe  truck,  monntrd  upon  foor  wheels,  on  whirh  it 
runs ;  i  I  is  the  skid  upon  which  the  hogshead  is  raised  into  the  position  repre- 
sented ;  e  edd  art  lecen  supporting  the  skid,  and  turning  npon  fulcrtmis  at  a  o, 
to  which  are  attached  two  toothed  aectota  t  t,  that  are  acted  npon  by  two 
pinions  fixed-  near  to  the  ends  of  the  axis  /.-  this  axis  carries  a  dick-box  a, 
which  is  worked  by  a  lever  A  attached  to  it ;  ■  is  a  ratchet-wheel  on/,  I  a  paU, 
acting  on  the  same  to  prevent  it  receding;  m  a  bent  lever,  for  lifting  by  inter- 
mediate chain),  the  polo,  and  click,  which  allows  the  skid  to  descend  to  the  level 
of  tiie  upper  side  of  the  fnme  a  a,-  r  is  a  handle  for  men  to  draw  the  truck. 
There  are  two  ratchet  wheels,  and  two  palls,  thoogh  only  one  can  be  teen  in  the 
penpecdve  new  given. 

A  crane  ia  employed  to  lift  the  hogaheadi  upui  the  truck ;  the  tatter  it  then 
wheeled  off  to  the  pile,  where  Ihe  hogshead  is  raised  by  alUriialefy  raising  and 
depresiing  the  lever  h,  which  turning  round  the  axis  f,  causes  the  pinions  fixed 
upon  it  to  raise  the  toothed  leetort  and  levers  that  support  the  skid  ;  a  reaction 
being  prevented  by  the  palls  falling  into  the  teeth  of  the  ratchet-wheels  as  they 
turn  round.  We  object  generally  to  an  intermiltiDf;  motion,  where  a  conliunoua 
one  can  be  applied ;  and  we  can  see  no  diffimlty  in  applying  It  in  the  present 
instance  by  the  introduetioa  of  winches  in  the  nsoal  way.  mt withstanding  the 
slight  imperfections  that  may  at  preeent  attach  to  thia  machine,  it  most  he  pn»- 
nounced  an  original  and  efiective  eantrivBDca ;  and  so  aeniible  (it  was  reported) 
were  the  directora  of  the  establtsbment  before  mentioned  of  the  advantaM 
attending  the  use  of  the  new  truck  b  their  warehooaea,  aa  to  preaant  U)« 
inventor  with  the  sum  ot  a  timuaml paiaidt,ont  mi  above  theaaiotmt  of  liteir 
contract  br  a  great  many  of  the  macbiMi 


TRUMPET.  Theloudeitof  allpotliibtfrwmdiiislnimeDU:  of  trhfch  iL... 
•r«  variciui  kisdi.  In  thrir  nott  limple  Torm,  the;  conritt  of  a  in*1aIUe  tnti^ 
oiLh  s  laree  bell-thnped  uperture  at  one  end  for  the  eminitm  of  the  Boaad,  «4 
■  maulh-piece  at  the  other,  sdapled  fni  btovitig  into  it  by  the  lipm.  Si 
words  FIxn-TauHrCT  and  SFEAHiNOTttuuFiT. 

TRUNDLE.  A  >mal)  wheel  with  itafT  teeth;  alio  called  >  tantem  or 
valloirer.  Thji  term  i>  likewiie  given  to  the  iilUe  carriagti  man  genenjtjf 
called  Tnucii,  which  »ee. 

TJIUNNIONS.     The  ihort  armi  which  project  from  the  oppotite  mitm 

piece  of  artiller;,  on   which  it  it  luppovted  in  iia  curing*,  and  becoron  thai 
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cantr?  of  motion  upon  alluring  ili  inclinalioii.  Tnimiioii*  are  alio  employed  in 
a  Hmilar  nnoner  to  librudog  Ktcwn-en^ies,  aiiil  in  a  gient  Toriely  of  other 
mechaniim. 

TRUSS.  A  leFin  applied  to  rnanj  diffisrent  things.  In  lurgery,  it  ii  the 
butdage  worn  round  Uie  bodiei  of  |>ctson>  alflided  with  lieraio.  oc  rupture.  In 
Ku  of^in,  it  ia  a  certain  combinatioa  of  pulley*,  "to  boHH  the  tnu»-peiidanti 
biitgtit."  In  Hgiimiltural  aflairi,  it  is  a  certain  bundle  of  bay,  or  icniw,  &c. 
The  truu  of  hay  weighs  66  Ibi.,  and  36  truuei  make  a  k>ad.  lo  commerre, 
there  are  tnuBes  of  oUier  articln,  in  which  the  quantities  vary. 

TUBE.  X  hollow  cylindrical  body,  made  of  meul,  wood,  or  any  other  sut>- 
atonoe;  the  term  is  synonymoua  witli  Pirc;  which  see. 

TUN.  A  lar^  coik  or  barrel,  which  hat  probably  denTed  ill  Dame  from  )H 
capability  to  hold  about  a  ton  weight  of  utdinarj  liquids;  or  the  meanire  of 
weight  might  be  derived  from  thai  of  capacity.  A  tun  of  vegeltible  oil  n  236 
gallons ;  of  Bnimal  oil,  252  gallons  ;  of  wine,  232  gallons. 

TUNGSTEN.  A  mineral  found  in  Sweden,  of  an  opaque  white  colour,  and 
great  weight;  whence  ilinsme, — lungBlen,  or  ponderous  stone.  This  ore  wua 
analyzed  by  Sehule,  who  found  that  It  was  composed  of  lime,  and  a  peculiar 
earthy-lilce  substance,  which,  from  its  properties,  be  called  lungstie  acid.  The 
basis  of  the  acid  was  found  lo  contain  a  metal,  which  was  named  tungitea, 
and  was  obtained  from  the  acid  by  charcoal. 

TUNNEL.  An  artificial  arch  or  passage  under  ground.  Tbey  are  employed 
■s  the  means  of  conducting  canals  under  elevated  ground ;  for  the  formation  of 
r»ads  under  rivers  and  canaU,  and  in  the  construction  of  eewers  and  draini,  &c., 
&•:.  Tunnels  are  now  almost  as  commoo  as  canals  and  bridges.  Amongst  the 
many  importiml  works  of  this  Lind,  may  be  mentioned,  the  canal  tunnel  under 
Siandidge,  between  Manchester  and  Huddersfield,  which  extends  under  ground 
upwards  of  three  miles,  and  is  320  yards  below  the  lur^e.  The  raiiway  tunnel 
under  Liverpool.  The  road  tunnel  under  the  Tbamei,  at  Rotherhithe,  which, 
alihaueh  completed  only  half-vray,  is  an  undertaking  of  great  national  interest, 
and  will,  whenever  finished,  prove  of  great  public  ulili^.  It  is  ihiity-eight  feet 
in  width,  and  in  the  style  of  a  double  arcade,  as  shown  iDasecIional  representa- 
tion, which  we  shall  have  shortly  to  introduce.  The  work  was  commenced  iu 
183S,  by  the  buildiag  on  the  surface  of  the  ground  a  circular  brick  tower,  GDr 
feet  in  diameter,  and  three  feet  thick  ;  this  tower  was  gradually  undermined  all 
round,  and  sunk,  until  it  re«ed  on  clav,  forty  feet  below  the  surface;  a  wall 
was  then  built  from  beneath,  to  meet  the  kirh  on  which  it  stood,  till  from  the 
depth  of  oiity-four  feet,  the  shaft  was  completed,  and  a  well  formed  seventeen 
feet  deep,  and  twenty-five  feet  diameter,  in  the  centre  of  the  area,  lo  serve  as  a 
receptacle  for  any  water  (bat  might  collect  in  the  works,  and  which  always 
brings  it  under  the  command  of  the  steanwensine  pumpa.  The  shaft  was  then 
broken  through,  to  commence  the  tunnel,  in  which,  it  is  said,  eonsiderable  diffi- 
culty was  experience d.  To  give  security  and  confidence  lo  the  men  in  eica- 
Tating,  Mr.  Brunei  invented  a  cast-iron  shield  orframe,  of  great  solidity,  loasta 
be  capable  of  withstanding  an  immense  pressure.  Its  extreme  dimenstoni  were 
ihirty-seven  feet  in  width,  twennF-one  feet  six  inches  in  height,  and  seven  feet 
in  depth,  horitontaliy.  This  shield  wax  divided  into  twelve  perpendicular 
frrtmes,  and  each  frame  subdivided  into  three  stories,  called  cells  or  boxes.  The 
utibly  of  the  framing  consisted  in  its  supporting  the  superincumbent  weight,  and 
ill  protecting  and  shielding  the  workmen  employed  from  occidenL  One  miner 
worked  in  each  of  the  stones  or  cells,  consequently,  thirty-six  men  were  enabled 
lo  pursue  their  operations  at  the  some  time.  Each  division  bad  a  roof  of  cast- 
iron  plates,  polished  on  the  upper  surface,  so  as  to  slip  easily  over  the  stratum 
of  cUy  which  rested  upon  il ;  and  was  supported  hy  two  strong  casl-iron  plates, 
coiled  shoes,  and  which  rest  upon  gravel  at  the  base.  The  motion  of  each  divi- 
sion was  IbiM  effected : — Each  of  the  miners  in  the  three  cells  excavated  tba 
ground  in  front  of  him,  to  tlic  depth  of  nine  inches,  undl  the  perpendicular 
height  of  the  toil  in  front  of  the  division,  which  Wat  to  be  advanced,  was  exca- 
vated. Ue  then  lupportwl  the  face  of  ihe  soil  by  means  of  small  planks  called 
polings,  and  shut  them  with  screws  lo  the  adjoming  divisions,  which  were  U 


retb  "niB  neit  opention  oaamtti  in  unHTewing  and  diekenifut  one  of 
itgt,  whila  the  other  lupfiiited  the  weight  vf  the  nnichine.  Hie  lUckened 
wu  (hpn  >dvBncFil  &t  twn  aepanle  timet  to  the  lenetb  of  nine  inches,  knd  I 
(creved  do  Ught.  When  properljiecured,  the  other  leg  vu  advanced,  toge 
with  the  ilioe.i,  in  the  ume  manner;  and  the  diriiion  was  then  mored  fon 
nine  iiicbn.  hjr  meiiii  uf  two  horiuntal  icrewi  and  leven,  one  at  the  top 
the  other  at  the  lower  part  of  the  diviiion.  One  end  of  these  aerewa  was  I 
in  the  frame,  and  the  other  abutted  on  the  brickwork.  Each  of  the  dini 
WM  moved  in  a  limilar  manner,  until  Ilie  whole  twelve  wcirv  advanced  i 
inche*)  when  the  bricklajen  immediately  followed  up  with  the  brickwork 
aement,  building  one  brick  in  length  in  ilraight  jiunta.  HiU  brickwork  ^ 
formed  an  ^ulment  for  the  horiiontJ  urewi;  thiu  the  work  proceeded,  a 
natety  morinc  ihe  machinery  forward  nine  inebai,  and  Ulowing  it  up  wi 
eoune  of  brickwark  in  cement. 

NotwLthitanding  theia  ingeniouicontrivtncMfar  entmiiig  Ihe  progieaa  •! 
work  (which  reflect  great  credit  upon  the  talenti  of  the  engineer),  an  irmp 
of  water  took  place  on  the  ISth  of  May,  1827;  andat  lome  accmint  oT  Ihe 
tmntitances  attending  it  may  prore  of  importance  to  pertona  engaged  in 
about  to  undertake,  limilar  wotkt,  we  ihallhere  give  it  from  the  pagn  of  a 
riodical  journal  publiihed  at  the  limp. 

For  iGTeriil  weeki  previoui  to  the  intiption  of  Iba  water,  it  waa  diacorcnd 
the  frequent  descent  uf  piecvi  of  bone,  brickhati,  coali,  Jtc.,  fmn  tha  bed  ol 
river  to  the  worki,  tliat  the  earth,  or  rather  the  mud  between  Ihe  water  and 
tunnel,  wa>  exceedingly  looie,  and  eren  at  timet  in  motion.  AItho«wfa  n 
water  had  occaiianally  penetrated  the  worki,  the  engine  waa  found  aofficiai 
remove  it,  and  the  work  proceeded  with  very  little  interruptian,  till  that  I 
when  the  imiption  of  water  between  the  ihield  and  the  brickwork  waa  ao  gi 
ai  to  oblige  the  men  to  make  a  hoaty  retreat,  which  they  all  did  in  aafe^.  ' 
irronlion,  which  loon  Ulled  the  tunnel,  wai  much  Bugmented  1^  the  « 
of  tiie  water  on  the  laet  row  of  brickwork,  before  it  wai  eomitleted,  and 
cement  bad  had  time  to  eeL  On  examining  the  bed  of  the  river,  after  tfaei 
dent,  with  the  diving-bell,  a  apacioui  cavity  wai  diacovered  over  the  spot,  w 
terminated  in  a  imcJl  hole,  dncending  into  the  tunnel  between  tbe  ahirid 
Ihe  brickwork,  aa  repreaented  in  the  annexed  aectional  ikeleh.     Thia  boli 


well  aa  a  second,  which  luhHquenlJv  broke  out  in  another  part  of  the  eai 
«ai  afterwards  filled  up  with  bagi  or  clay,  and  large  quantitiei  of  loose  clay 
gravel,  thui  making  an  artificial  bed  t<>  the  river]  and  Ihii  new-made  pan 
protected  from  the  eSecti  of  the  tide,  by  a  raft  Iliirty-Gve  feet  iquaK  sU 
with  a  tariBulin,  covering,  in  all,  about  8,800  iquara  ftrt.     After  a  whO^ 


the  ipmiDg  Ibn*  m*dr.     Hiii  *■«  fellovpi)  tniUnth  Inr  ■  oM^n 

The  ni*'i  ■""  "i>  ridUtit  M  In  fofre  ihe  mifi  im  ihf  «)n«  «!>«t  "' 

pUce,  out  of  !be  tianse  or  «ll,  on  to  the  timtwr  tMgt  WMsd  d 

gniFral  rrtrpat  iniUntly  tnok  plare  :  livil  thr  igitalioD  at  t)i«  m 

walfr.  having  ei  lin|iii»h«J  dl  the   'itrhtn.  mnfuiion  «nmc4  ;   t 

WW  llitflun  Brer  by  ilie  tnircnt,  knorking  duwn   imJer  it   WTrral  b 

(UDMi  npidljr  fiBed.     TtiiHe  who  cootd  pri  to  th«  iiMiiin  •roll  mt»ari  il 

nriM  vnfle  othati  vfte  mitM  liy  the  fisce  of  ibt  currvnt  la  the 

than.     Of  lightMn  nifn, bcndM  tit.  Brand,  jun^  ahsvcni  tbtu  pi 

miNgr  af  ihi  torrenl  iu  uii«r  ilarknm,  lix  wrt*  itnini(d,  and  t]» 

■nurt  or  l*W  injured,  veie  uArn  nut  of  ihe  water  fix  th«  moat  part  a 

■xifanM  MhaintKin.  Hx  ton^oing  «Md  cut.  wbkk  atfanU  ■  ajrrvd  rror 
taliw  of  dw  tsmmbtble  oecutrrorf,  It  iiiKndd  fmaf»Uj  on  i 


S  an  accurnte  langitiidiaal  tcrtioD  of  the  tuutii'l,  u 

ui-able  ihidd  on  (lie  left  haoil,  llirou^b  ilic  Ei|>pur  fuit  uf  wUch  ik«  — 


ui   WIUCH  Mf  _ 
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irater  found  entrance ;  theayched  npnaget  delineated  in  the  back-ground,  repro- 
Kent  three  ef  the  entrances  into  the  -eastern  arch,  which  is  a  parallel  tunnel ; 
these  arched  passages  are  continued  at  uniform  distances  throughout  the  whole 
length  of 'the  work.  One  of  the  tunnels  was  intended  for  the  tra£Sc  from  the 
north  to  4he  south  shore  of  the  Thames,  and  the  other  lor  the  traffic  from  the 
south  to  the  north,  to  prevent  interruptions  ;  a  lagged  footf-path,  as  well  as  a 
paved  carriage  road,  being  made  in  both  the  east  and  west  tunnels,  as  shown  in 
the  cross  section  of  the  work  in  the  bwer  part  of  the  preceding  cut,  which  we 
shall  presently  explain. 

Sucn  was  the  deep  interest  taken  by  ingenious  and  scientific  men  for  the  pro- 
secution of  this  tunnel,  that  soon  after  the  firti  irruption,  Mr.  Brunei  received, 
'according  to  report,)  no  less  than  260  written  plans,  which,  together  with  ver- 
bal communications,  made  altogether  400  proposed  remedies  for  the  disaster. 
Amongst  these  there  were  some  which  displayed  oonsiderable  ingenuity;  and 
tlie  best,  according  to  our  information,  was  the  following,  which  wcinsert,  as  the 
application  of  the  principle  of  its  construction  may  hereafter  prove  ^of  eminent 
utility  in  tunnelling  under  a  body  of  water.  The  inventor  was  a  Mc  Garvey, 
a  modellsr,  and  an  active  member  of  the  London  Mechanics'  Institution, 
and  who,  we  regret  to  add,  fell  an  early  victim  to  the  choleca  in  1832.  Mr. 
Garvey  *s  plan,  as  stated  by  himself,  "  consists  in  placing  at  the  bottom  of  the 
river,  directly  over  the  part  undeigoing  excavation,  a  large  platfonn  or  raft, 
with  ledges  proceeding  downwards  to  u  into  the  soQ,  tofirevent  the  water  from 
entering  the  excavation." 

The  nature  and  operation  of  this  will  be  understood  hy  refeiraee  to  the 
drawing  on  page  808,  where  S  8  represents  a  section  of  4he  tunnel ;  U  the  mud, 
gravel,  &C.,  oonstitutinff  the  bed  of  the  river;  A  B,  the  souare  platfonn,  about  twice 
the  width  of  the  4unnel,  consbting  of  two  layers  of  planks,  -crossing  each  other 
at  right  angles,  and  made  water  and  air-tight  by  a  ttratum  of  artiicial  leather, 
tarpauling,  or  other  elastic  waterproof  matenal,  between  the  layers;  G  G,  and 
H  H,  represent  sections  of  the  ledges  or  rims,  which  ma^  be  made  4>f  iron,  or 
wood  pom  ted  with  iron ;  the  platform  must  be  loaded  sufficiently  to  sink  in  water. 
F  is  a  pipe  for  the  escape  of  the  air  while  the  {>latform  is  desceoairg  in  the  water  r 
and  £  is  a  pump  to  draw  off  the  water  from  under  it,  when  it  reaches  the  bot- 
tom ;  41 V  are  sliding  valves,  to  be  opened  or  shut  at  pleasure,  by  the  cords  pass- 
ing over  the  pulleys  m  m  and  fi  n  ;  the  bent  pipes  4  i  are  for  the  escape  of  the 
air  or  water,  from  the  space  between  theiedges  G4ind  H.  When  the  apparatus 
is  put  down  to  the  bottom  of  the  rivets  the  water  is  to  be  removed  fit>m  under- 
neath by  the  pump  £,  which  will  produce  a  very  great  hydrostatic  and  pneu- 
matic pressure  on  its  surface,  and  cause  the  points  of  ihe  ledges,  G  and  H,  to 
penetrate  the  bed  of  the  river,  and  the  whole  to  become  firmly  fixed  in  its  place. 
The  cavity  M,  wliich  extends  of  conrse  all  round  the  raft,  u  nuule  4)onicid,  for 
the  purpose  of  comprcMing  the  soil  between  the  rims  as  they  are  forced  down, 
and  thus  preventing  the  entrance  of  the  water  at  the  edges. 

When  the  apparatus  is  to  be  moved  forward  to  a  new  station,  the  pump  £  is 
4o  be  converted  into  a  condensing  ail^pump,  by  cbaneinff  the  valves ;  ana  air  is 
to  be  forced  under  the  raft  till  it  is  disengaged  from  the  bottom^sdlsii^  can  wUk 
faeiU^  he  mooed  forvford  m  the  water,  amd  etmi  ae  before. 

When  the  bed  of  the  river  is  very  irreguUr  and  gravelly,  it  nuy  be  necessary 
to  dredge  it,  and  put  down  clay  in  some  parte  before  the  platforro  is  brought  to 
its  place. 

Having  described  that  which  is  stated  to  have  been  the  best  of  the 
rejected  plans,  (as  acknowledged  by  Mr.  Brunei  to  the  inventor  of  it,  the  late 
Mr.  Garvey,)  we  shall  proceed  to  notice  ihui  which  was  unfortunately  adopted 
in  preference.  The  concavity  in  the  bed  of  the  river,  and  the  hole  through 
which  tlie  water  rushej  into  the  tunnel  on  the  18th  of  May,  was  first  filled  with 
clay,  bags  of  clay  and  gravel ;  a  large  flat  wooden  rafr,  (wUhout  Udgee,)  was 
then  sunk  over  the  new-made  around,  to  prevent  any  Kuddeu  displacement  of  it, 
and  by  that  means  afford  a  rail  protection  to  the  workmen,  when  they  might 
recommence  excavating  yndemeath.  The  water,  however,  found  its  way  under 
the  raft,  and  the  poweml  engine  and  pumps  were  employed  for  a  ooofliderabla 
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period  witKout  lowering  the  level  of  it  in  the  tunneL  Ttie  work*  were  fthool 
half  emptied  of  the  water,  when  the  foree  of  the  tide  raised  up  one  aide  of  the 
raft,  threw  off  tlie  weights  which  had  kept  it  down,  when  it  floated  up  to  the 
•urfaee  of  the  river.  The  ground  in  another  part  contiguous  to  the  former  hole 
now  gave  way,  and  the  tunnel  was  again  fiUed  with  water.  Fresh  qnancities  oi 
clay  and  bags  of  clay  were  then  employed  to  fill  up  the  second  hole ;  and  the 
enlarged  dimensions  of  the  former,  occasioned  by  a  settling  or  movement  of  ths 
artificial  ground,  was  also  filled  up  to  a  level  with  the  natural  bed  of  the  river. 
The  clay  was  covered  with  a  stratum  of  gravel,  and  this  by  a  large  and  vtiy 
thick  tarpauling,  which  was  kept  down  by  cast-iron  kintledge ;  anoCber  layer 
was  thrown  over  the  whole,  to  keep  it  as  closely  together  as  poaaible.  Although 
this  plan  has  proved  an  effectual  remedy  as  far  as  it  has  been  applied,  the  le^wtiliua 
of  such  remedies,  whenever  quicksand  may  be  met  with,  or  imsptioiia  formed  in 
the  future  progress  of  the  work,  must  be  attended  with  a  wasteful  expense:  we 
therefore  submit  that  Mr.  Garvey*s  plan  deserves  the  preference^  aa  it  m^  be 
shifted  from  place  to  place,  as  the  work  proceeds. 

The  lamentable  accident  which  we  described  was  also  prodncthre  of  aa 
excellent  plan  from  an  eminent  member  of  the  London  Mechanics*  lutitntion, 
which  consists  in  introducing,  a  few  yards  behind  ihe  workmen,  flood-gate%  n 
constructed,  that  the  lower  parts  of^  the  gates  will  be  first  ahut  by  the  water 
issuing  in  at  the  place  where  the  work  is  carried  on ;  and  when  the  waten  hr 
nearly  half  way  up,  then  to  shut  the  middle  parts  of  the  gates ;  and  when  it  risei 
near  to  the  top,  to  shut  tlic  top  parts  of  the  gates.  This  arrangement  woold 
affbrd  all  the  workmen  time,  who  could  reach  so  far  as  the  flood-gateai  to  get  aafc 
out,  and  prevent  the  tunnel  from  being  filled  with  water.  Thia  plan  wsold 
only  tend  to  obviate  much  of  the  danger  to  be  apprehended  by  the  ' 
but  greatly  diminish  the  enormous  expense  consequent  from  such  an 
The  small  space  between  the  shield  and  the  flood-gates  would  aoon  beoome  filled 
with  mud  and  sand,  and  the  bed  of  the  river  might  then  be  aoon  made  good 
from  above,  as  then  there  would  be  no  liability  of  the  materiala  put  down  tor 
that  purpose  being  loosened,  and  removed,  by  the  periodical  ingreea  and  cgms 
of  the  wsler  during  the  rise  and  fall  of  the  tide.  The  cut  on  the  nesEt  page 
exhibits  a  transverse  section  of  the  tunnel,  with  the  gate%  frc 

Fig,  1  represents  a  front  view  of  the  gates,  with  tho^e  on  the  right  fc— *^ 
or  eastern  arch  entirely  closed,  those  in  the  other  arch  having  been  kept 
open  for  taking  through  the  clay  and  building  materials,  aa  the  escavatkNi 
proceeds.  In  order  to  make  the  plan  better  understood,  the  water  is  repre- 
sented aa  coming  in,  which,  hanng  just  closed  the  lower  pair  of  gates^  ii  in 
the  act  of  shutting  the  middle  pair,  while  tlie  upper  pair  is  represents  as  atand- 
ing  open. 

The  lower  pair  of  gates  are  beveled  oflT  to  an  acute  anele,  whieh  termi- 
nates at  the  outside  of  the  upper  edge ;  and  to  correspond  wiUi  thia,  the  lower 
edges  of  the  middle  gates  are  beveled  olF  in  a  contrar}*  way,  to  lap  over  the 
others,  as  exhibited  in  the  drawing.  From  this  arriingeraent,  it  will  be 
perceived  that  the  middle  gates  will  be  partly  in  the  water  before  it  runs 
over  the  lower  gates ;  and  hence,  the  second  gates  will  be  shut  as  toon  as  the 
water  begins  to  run  over  the  first  The  same  arrangement  is  made  with  leniect 
to  the  middle  and  upper  gates,  except  that  the  upper  edges  of  the  latter  are 
beveled  to  m\  angle  on  tlie  inside,  to  fit  a  contrary  bevel  on  the  tim  of  tlie 
gutcway.  It  may  be  here  observed  that  none  of  the  flood-gatea  are  made  to 
open  so  fur  back  as  to  become  parallel  with  the  side  of  Uie  tunnel,  oonse- 
ouently  they  are  always  in  a  situation  to  be  acted  upon  by  the  water ;  and, 
that  the  whole  of  the  gates,  sa  well  as  the  framework  in  each  arch,*  meet 
in  the  middle  of  the  arcli,  as  flood-gates  on  canals  do,  at  such  an  angle  as  to 
afford  the  greatest  resistance  to  the  pressure  of  tlic  fluid.  To  prevent  the  ont- 
Wiir<I  lateral  pressure  of  the  sides  of  tne  framing  against  the  brickwork,  and  the 
injury  it  might  thereby  sustain,  the  opposite  sides  of  the  framing  in  each  aick 
are  connected  by  tie-beams,  similar  to  those  used  in  roofing. 

It  will  not  be  necessary  to  make  the  whole  area  of  the  arch  to  open,  at  s 
compartttirely  small  opening  will  be  sufficient  for  conducting  the  operatiea «/ 


It  «ili  of  count  be  of  l!ie  grcalnt  impurtancc  thit  the  itiii  ■tiiJil, 
■f^unU  which  ihc  bottomt  of  the  fini  gatet  tbDi.  and  for  that  purpoac 
tim  of  the  tua^-wmy  which  puw*  through  tlie  gitn,  ii  to  bJmctil  ■ 
poTled.  that  a  rcry  ihibII  purlion  of  watei  acciiiiiulateil  Undtr   it  will 


lupjnrta,  and  projecl  part  of  ihe  inaJ-iray  or  plalfonu  outaitlc  of  tl 
me  ttircihold  maj'  be  further  lecurcd,  if  neceaMri*,  by  i  eoverine  of 
•o  attached  lo  the  gale*  ai  to  be  rolled  oS'bj'  thern  in  tJii 


Tlie  joining*  belween  the  frame  nod  brjck-vurk,  ni  «e])  ■■  lh«  juttiin 
lfa«  gtIM,  are  made  air  and  «>ler-ti^ht.  b}-  triangular  packingi  tiT  h 
other  loft  material,  vbieli  are  dnini  into  the  crevice*  by  a  scriM  of  aei  _ 
through  to  the  ouliiilc  of  the  ntei,  where  tlie  wotkmea  can,  M  ihA  I 
•crew  the  packing  up  after  all  tlic  galei  are  ibuL 

Tlie  meihud  of  inDting  tlic  gate*  forwani,  anil  of  aecuriag  th  ._  _ 
placn,  if  thovn  in  /fj.  2,  where  I  repmenli  n  vntical  acction  of  a  ac«  ol 
gatei,  lupported  in  ■(■  place  by  three  pair  of  iitrvng  beann^  ripreaeiili 
faiteoed  together  at  r;  the  other  end*  of  ihew  hcanu  are  attaehrd  to  th» 

fig.  2, 


gatei,  three  mt  each  aide,  at  a  ima)!  iI>iUnc«  from  the  edge.  Tba 
reati  upon  a  frictiiin-tollcr  or  miiiU  wlieel,  ami  against  r  powerful  aciwii 
which  u  lupported  by  tlie  abutment  p,  fixed  into  the  boiiuin  of  the  tuni 
kept  in  iu  place  by  il>c  vertical  beam  q. 

When  tiii:  gates  are  to  be  mored  forward,  llie  Irianpitar  packing  rm 
edges  of  the  frime  inu>t  be  reteaied,  and  moved  buck,  by  unvrrewing  tb 
vhicli  keep  It  in  iti  place,  and  then  the  gale*  are  forced  forward  on  U>«  i 
iiipnorla,  on  which  lliey  reit,  by  the  screw  o;  and  when  ihey  have  been 
to  Ilieii  Bsaigned  place,  the  tcrew  is  returned  inta  iia  box,  and  llic  af 
are  brought  up.  and  the  whole  apparatus  again  properly  tecured. 

The  box  represented  to  Ihe  left  of  the  eaiplem   arch  ia  aiifficientlv  cL 
to  Iii'id  two  or  three  men ;  it  is  provided  with  two  doors,  on«  of  whid 
into  the  box,  and  the  other  into  that  part  of  the  tuimrl  which  would  b— 
water  when  the  flood-gates  are  all  closed.      The  use  of  lliis  bos  ia  (or 
harnessed  in  James's  diving  apparatus  to  enter  the  part  filled  wji ' 

the  purpose  of  exploring  and  eiamining  tlie  work«.  and  bringing  »_, 

of  imjiotliince,  requiring  to  be  removed  from  the  wiiier.  The  man,  havi 
vidcd  in  hii  diving  apparatus  a  sufficient  supply  <if  air  for  the  time  he 
to  remain  in  (he  Water,  enlera  the  box,  and  closes  the  door ;  he  then,  hj 
of  D  slop-cock,  admits  the  water  into  the  box,  when  the  door  betweeti  : 
and  the  interior  can  be  easily  opened  to  admit  him.  In  coming  onl, 
only  lo  re-enier  the  box,  abut  the  communication  belneeii  the  bo*  and  t 
rior,  and  then,  by  a  stop-cock,  let  tbe  water  contaiued  in  the  box  iMtw 
open  part  of  the  tunnel. 

This  mny  be  rc-peateil  «  nfieii  ■<   occasion  may  require,  with  t 
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escspe  of  water,  and  with  perfect  safety  to  the  diver;  for  the  inmis  of  the 
water  being  entirely  prerented  by  the  flood-gates,  it  will  be  perfectly  quiescent 
within  them,  and  no  danger  if  to  be  apprehended  from  a  change  or  derange- 
ment of  any"  part  of  the  works  taking  place  during  the  miner's  inspection.  Inie 
small  space  between  the  shield  and  flood-gates  would  soon  be  filled,  when  all 
wouM  become  stationary ;  and  consequently  the  principal  cause  of  damage  to 
the  works,  the  rushing  of  a  large  quantity  of  water  witn  great  violence,  would 
be  removed.  If  it  should  be  objected,  that  the  time  occupied  in  filling  the  space 
between  the  gates  and  the  shield  would  be  too  short  to  allow  the  workmen  to 
escape ;  it  may  be  answered,  that  very  little  time  would  be  required  for  aM  the 
workmen  to  get  outside,  where  they  would  be  perfectly  safe,  ana  might  leisurely 
view  the  progress  of  the  water  in  filling  the  space,  and  closing  the  gates :  besides, 
an  irruption  of  the  water,  under  such  circumstances,  would  be  of  so  little  conse- 
quence, that  there  would  be  no  occasion  for  detaining  the  men  in  attempting  to 
stop  the  torrent,  till  their  lives  are  in  danger.  The  water  within  being  perfectly 
still,  the  bed  of  the  river  might  be  made  good,  the  water  pumped  out,  and  the 
work  might  be  going  on  again,  in  the  course  of  a  day  or  two  aAer  an  irruption, 
if  checked  by  such  means  as  are  herein  deeeribed. 

At  the  period  we  are  writing,  (February  1835,)  the  work  at  the  Thames 
tunnel  is  at  a  stand.  A  brick  wall  has  been  completed  at  the  further  extremity 
of  the  excavation,  which  is  made  water-tight,  and  the  interior  of  the  tunnel  is 
as  perfect  as  though  no  accidents  had  happened. 

TURF.  A  mixture  of  earth  with  the  roots  and  leaves  of  plants,  partially 
decomposed ;  it  is  used  as  fuel  in  many  parts  of  the  country.    See  Peat. 

TURMERIC,  or  Indian  Sappxon.  A  root  brought  from  the  East  Indies, 
and  employed  in  making  a  vellow  dye.  The  colouring  matter  it  yields  is  very 
abundant,  and  of  great  brilliancy  of  tint ;  but  it  possesses  no-  dnvability,  nor 
have  any  mordants  yet  been  discovered  sufficiently  powerful  to  fix  it^  Common 
salt  and  ammonia  have  been  recommended  for  this  pwpoee ;  bnt  they  are 
found  to  deepen  the  colour,  and  incline  it  to  brown. 

TURNING.  The  art  (^giving  circular  and  other  forms  to  solid  substances, 
in  the  fabrication  of  innumerable  articles,  by  the  aid  of  a  machine  called  a 
lathe.  There  is  perhaps  no  contrivance  with  wllfch  human  ingenuity  has  aided 
the  dexterity  of  tne  mechanic  more  entitled  to  our  admiration  than  the  lathe ; 
especially  when  we  take  into  the  account  all  the  improvements  it  has  undergone, 
from  its  simplest  and  most  ancient  form  in  the  potter's  wheel,  to  thai  adaptation 
of  varied  ana  complex  mechanism,  by  which  not  merely  circular  turning  of  the 
most  beautiful  and  accurate  description,  but  exquisite  figure- work,  and  compli- 
cated geometrical  designs,  depending  upon  the  eccentric  uid  cydoidal 
movements,  are  daily  produced. 

The  operation  of  turning  diflers  very  essentially  from  most  others,  in  the 
circumstance,  that  the  matter  operated  upon  is  put  in  motion  by  the  machine, 
and  is  wrought  by  means  of  edge  tools,  presented  to  it,  and  held  fiist;  whilst  in 
most  others  the  work  is  fixed,  and  the  tool  put  in  motion.  In  ordinary 
taming,  the  work  is  made  to  revolve  on  a  stationary  straight  line  as  an  axis, 
while  an  edge  tool,  set  steady  to  the  outside  of  the  substance  m  a  circumvolution 
thereof,  cuts  off  aU  the  parts  which  lie  fiulhest  firom  the  axis,  and  makes  the 
outside  of  that  substance  concentric  with  the  axis.  In  this  case,  any  section  of 
the  work  made  at  right  angles  to  the  work  will  be  of  a  circular  figure;  but  there 
are  methods  of  turning  ellipses  and  various  other  curves,  distinguished  by  tlie 
name  of  engine-tuniing. 

Lathes  are  made  in  a  great  variety  of  forms,  and  put  in  motion  by  different 
means :  they  are  called  centre  laikee  where  the  work  is  supported  at  both  ends ; 
tnandrely  epmdie,  or  chuck  lathes  when  the  work  is  fixed  at  the  projecting 
extremity  of  a  spindle.  From  different  methods  of  putting  them  in  motion, 
they  are  called  |K)/e-lathes,  and  hand-wheel  lathes,  or  /bo^lathes ;  for  great 
works  they  are  turned  by  horses,  and  Water-wheels,  but  more  generally  by  steaiu- 
eiigincs.  The  lathes  used  by  wood-turners  are  .usually  made  of  wuod,  in  a 
simple  form,  and  are  called  foiMathes ;  the  same  kind  will  ser>'e  for  tumiuf; 
iron  and  brau :  but  the  best  work  in  metal  isalwi^^  done  in  iron-lathes,  which 
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t  etUei  lor-Uthaa.  Simil 
A  (unt-irarita ;  but  Ihpiv 
■auitUl  dutinction  iMtwrni  thna  uid  the  eenira  lathn,  caecpt  in  nc 
KM,  ud  thai  tliey  ue  m«dg  in  meul  inMcad  of  wood,  and  the  w«km 
beins  toon  accurare  and  belter  finuhed. 

fSa  centre  Uthe  ii  now  my  little  oied  but  hj  couBtry  tuning  to 
aiticlei  oT  hotuehold  fliraiture  in  wrft  wood,  u  table-legi,  etiiii  aar  laili 
poiU,  Ice.  It  coniiMi  of  the  follQwiag  partt:  ItL  The  M,  wbich  m  eon 
vf  tiro  beam*  bolted  tagclhpT  at  a  amall  diatanca  amiidcT,  and  parallel  b 
other;  it  ii  siipporled  fauriiantally  on  itp  at  the  eBda,Bnd  ibrmi  the  aiipi 
the  whole ;  the  gnait  it  the  narrow  ODcning  between  the  two  halvet  or  c 
of  the  bed,  to  receJTe  tlie  tenoni  of  the  jtappef^  which  are  two  eboit  Bi 
poiti  faitened  down  upon  the  bed  at  toy  place  bjr  meana  at  w«dge*^  i 
through  mortice)  in  the  tcnoiii  of  the  puppets  beneath  the  bed ;  ana  i 
puppeta  hu  a  jutt  or  pin  of  iron  Died  into  it,  and  the  other  one  baa  at  tbc 
level  the  cnlre-tcrrm,  working  through  anut  faitened  in  the  pappet;  boi 
•crew  and  the  pike  have  iharp  point*  made  of  iteel,  and  Midencd 
tempered  that  the;  may  not  wear  away  ;  thej  mutt  be  exactly  oppraite,  j 
a  line  with  each  other.  'Ilie  piece  of  wood  which  ii  to  bo  ti;n)cd,  tuiaMM 
bitance,  a  pole  of  woad,  it  auppotted  br  it>  end*  between  tlie  point*  < 
pike  and  the  tcrew,  that  it  may  turn  round  freely,  and  the  acre*  is  icrewt 
till  it  has  no  shake.  The  puppet*  can  be  placed  at  any  dlatoace  aai 
according  to  the  length. 

llic  relt  is  a  railor  bar,  extending  from  one  puppet  to  ibe  ulicTi  G 
•npport  of  the  tod ;  it  lays  in  liouks  prqecling  from  tlie  facei  of  ibe  puj: 
tbe  work  is  put  in  motion  by  mean*  of  the  Ireadle,  which  i*  vorked  b 
turner's  foot;  the  string  or  cat-gut  ii  fastened  to  the  treadle,  and  paacinE  ti 
three  timei  round  tlie  work,  it  is  faitened  to  tlic  end  of  an  clastic  pole,  Rs 
the  ceiling  orer  the  turner'*  head:  now  ai  the  tiimei  prenei  the  treadle 
by  hi*  foot,  tlie  string  turns  the  work  round,  and  a  ihurp  chisel  or  gougt, 
held  against  the  wood  upon  the  rett,  will  cot  the  wood  to  a  circi^T 
" '  '   '        '  '  'igbl  I 


When  he  hai  brought  the  treadle  to  the  ground,  be  releaaei  the  weig] 
foot,  and  the  elaiticifj  of  the  pole  draw*  up  the  treadlei,  liuiliiig  Ule  wi-.i. 
again ;  during  which  retrograde  motion  he  withdraws  the  FhiseJ  from  the 
ai  it  would  not  cut  in  this  direction  through  it,  and  mieht  imped*  the  q 
of  the  wood;  and  the  pole  i*  fasten^  to  the  ceiling  of  the  room,  wbei 
lathe  is  placed  by  a  pin,  upon  which  it  can  be  turned  about  aa  a  centre,  i 
rest*  upon  a  horiaantal  bar  fiied  at  some  distance  from  the  centre :  it  ia  f 
in  a  position  neariy  perpendicular  to  the  axis  of  the  work,  so  tbal,  when 
turned  upon  iti  centre  pin,  the  string  at  the  other  end  may  be  brought  on 
part  of  the  length  of  the  work  where  it  will  be  most  convenient  for  the  t 
to  have  tlie  string  put  round  it:  in  the  same  manner  the  end  of  the  trrai 
placed,  with  one  end  ovvt  a  centre  pin  in  the  floor,  tliat  it*  oppoaite  end  mi 
moved  under  the  work  to  the  proper  place  fur  the  string.  It  ia  hel 
this  poaition,  while  moving  up  and  down,  by  a  second  treadle,  perpendi 
to  tbc  fint,  which  moves  in  a  loose  centre  on  the  floor  at  one  end,  and  the 
ii  perforated  with  a  number  of  hole*  to  receive  a  pin  fixed  in  the 
treadle,  and  thus  to  confine  the  treadle  to  move  up  and  down  under 
place  it  is  set  to:  the  end  of  the  principal  treadle  is  turned  in  the  lathe 
made  like  a  pulley,  to  hold  the  Une  or  airing  which  is  wound  upon  it 
the  turner  winds  the  string  on  or  08"  this  end  of  the  treadle,  to  adjui 
length  to  the  diameter  of  the  work  round  which  the  string  passea ;  the  < 
ii  fastened  to  the  end  of  the  spring-pole  in  a  similar  manner.  The  worl 
stands,  or  ia  sealed  before  his  lathe,  having  one  of  his  feet  on  the  trvaij 

S'va  the  motion  ;  it  must  be  very  moderate  and  equal ;  he  placea  hia  to 
e  rest,  and  appruacbet  the  head  of  it  gentlv  to  the  piece,  perforating  hii 
gradually  without  leaving  any  ridges,  and  when  he  meets  with  a  knot,  he 
fo  on  still  more  gently,  c^erwise  be  would  be  in  dauger  both  of  aplittin 
work,  and  breaking  toe  edge  of  his  tool.  For  turning  light  work,  a  bow, 
a>  ia  used  for  ihooting  arrows,  ii  lutpendcd  by  it*  niidtUa  over  die  Utha 
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itring  is  then  tieil  to  die  middle  of  the  bow-string  instead  of  the  pole,  and  acta 
in  the  same  manner.  The  continued  rotary  motion  gi^en  by  a  wheel  is  §• 
much  superior  for  turning  to  the  reciprocating  motion  of  a  treadle  and  string, 
that  regular  turners  seldom  make  use  of  the  latter;  yet  the  simplidty  and 
cheapness  of  the  Whole  is  a  great  recommendation,  esp^iallv  among  oountiy 
workmen,  who  an  not  so  careful  of  thehr  time  as  in  the  town%  wfaeta 
competition  obliges  every  one  to  use  the  best  and  quickest  means  x»f  despatcb- 
inghis  work. 

The  common  centre-lathe  becomes  a  powerful  machme  when  worked  by 
means  of  a  large  wheel,  turned  by  one  or  more  labourers ;  the  wheel  should  bt 
heary,  that  its  momentum  may  be  sufficient  to  oreraome  any  trifiing  obstacle  in 
the  work,  and  the  frame  in  which  it  is  mounted  must  be  of  sufficient  weight  to 
stand  steady,  and  not  be  liable  to  move  by  the  exertions  of  the  man  turning  it 
An  endless  line  is  used  to  communicate  the  motion  of  the  wheel  to  the  work ; 
it  passes  round  a  groove  in  the  circumference  of  the  wheel,  and,  after 
crossing  like  a  figure  of  8,  goes  round  a  small  pulley  fixed  upon  the  work ;  by 
this  means,  when  the  great  wheel  is  turned,  it  gives  a  rapid  rotaiy  motion 
to  the  matter  to  be  turned,  and  with  a  much  greater  power  than  can  be 
obtained  firom  the  treadle,  with  the  additional  advantage  of  the  work  turning 
Always  the  same  way  round,  so  that  the  turner  has  no  need  to  take  his  tool  off 
the  work ;  the  small  pulley  is  peribrated  with  a  square  hole,  to  receive  a  square 
made  on  the  end  of  tne  work,  and  the  turner  has  many  diferent  pulleys,  eadk 
With  a  difibrent  siaed  hole  through  it,  to  suit  work  of  di£&rent  diameters ;  bat 
there  is  an  inconvenience  atten£ng  this  method,  for  if  the  four  comers  of  the 
Muare  on  which  the  pulley  is  fitted  be  not  all  equally  distant  from  the  centrb 
of  the  work,  the  pulley  will  not  turn  round  truly,  and  the  band  wUl  be  liable  tb 
flip  round  upon  it    To  obviate  thii^  the  pulley  in  the  annexed  figure  it  olleli 


used ;  it  has  a  square  hole  through  it  to  receive  the  work,  and  is  made  to  fit  upon 
it  by  means  of  four  screws  aaaa^  paasin^  through  a  part  of  the  wood  by  the 
side  of  tlie  puUey,  and  their  point  pressing  into  the  work ;  in  this  manner  one  or 
two  pulleys  can  be  made  to  aenre  work  of  any  dimensions,  and  can  always  be 
set  truly  upon  it ;  it  htm,  as  thown  in  the  edge  view,  two  different  sized  grooves^ 
in  either  of  which  tlie  band  may  be  worked  when  required. 

There  is  a  kind  of  centre-lathe,  which  is  generally  employed  by  millwrighta 
and  iron-founders,  in  turning  heavy  metal  work,  audi  as  the  gudgeons  of  mill- 
shafts^  rollers  for  sugar  or  roUing-milb,  numn-rods,  which  are  to  paaa  throu^^ 
ituffing-boxes,  or,  in  short,  any  work  whkm  will  admit  of  having  both  its  enda 
supported  on  centres ;  it  is  in  many  respects  similar  to  thai  we  have  described, 
but  is  adapted  to  give  a  continued  rotary  motioD  to  the  wqrk ;  it  has  legs  which 
support  it  from  Uie  floor,  and  the  bed  is  formed  by  two  parallel  beams  or  cheeks^ 
bolted  to  the  legs;  one  of  the  legs  stand  up  above  the  bed  to  support  the  main, 
or  left-hand  centre  porat,  instead  of  having  a  puppet  on  purpoae.  The  centre 
pin  is  faatened  into  it,  by  a  nut  and  screw  Mhind,  and  upon  this  pin  two  wooden 
pttllejTS  are  fitted  side  by  aide,  dose  to  each  other,  ao  that  they  appear  but  one ; 
either  of  these,  at  pleasure,  ia  caused  to  turn  round  by  means  of  an  endless  straps 
going  round  a  drum,  extciiding  over  bead  or  under  the  floor,  and  which  m 
turned  by  horses,  or  a  steam-engine ;  the  atrap  being  only  the  breadth  of  one  of 
the  pidk^s,  wili  turn  but  one  St  them  al  a  time,  mit  it  can  easfly  be  shifted 
ftum  one  to  the  other  al  pleasure,  and  than  the  other  will  stand  still  The  front 
one  of  these  pulleys  gives  notion  to  the  work. 
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The  bMk  panptl  k  ficed  upon  fht  Wd  of  fht  ktbc^  4j  a 
dovDwaidi,  and  enlering  the  space  hctweea  Ihe  two eboeka  of  the  bed;*k  ii  fiui 
at  any  place,  by  means  of  a  screw-bolt,  which  passes  down  tbraiigli  the  puppir, 
and  goes  through  a  pece  of  iron,  which  takes  its  beaiiug  on  tka  imdtir  aide  ef  tbe 
bed ;  anut  it  htted  in  this  screw,  and  thereby  the  wbok  puppel  can  be  dravi 
down  upon  the  cheeks  so  firmly  that  it  wfll  not  more  by  anv  strain  the  wsifc 
nay  occasion :  the  back  puppet  has  a  back  centre  screw,  wiiica  haa  aatad  poiat 
to  support  the  work. 

The  work  is  turned  about  in  this  lathe  by  means  of  an  iran  jpin.  iwofectiii; 
some  inches  from  the  flat  surface  of  the  front  puDer,  whiefa,  aa  belore  mentioned, 
is  fitted  on  the  centre  point :  a  piece  of  iron,  called  a  driver,  ia  aticwed  upoa 
the  work  near  its  left  hand  end,  so  as  to  project  perpendienlarly  from  it,  and  the 
pin  in  the  pullev  intercepts  this  as  it  tarns,  carryia|^  the  work  round  with  it 

The  other  pulley,  which  is  fitted  on  the  centre  pm,  k  only  of  use  when  the 
latlie  is  wanted  to  stand  still,  in  the  same  manner  as  the  lire  and  dead  palleri 
used  in  cotton-mills.  When  the  workman  wishes  to  put  the  latfae  in  motioe, 
he  presses  the  handle  of  hk  tool,  or  any  other  smooth  piece  of  wood,  against  the 
edge  of  the  endless  strap  while  it  k  in  motion,  and  pushes  it  towards  the  Iroot 
pulley  ;  in  a  very  short  time  the  strap  will  get  completelj  on  the  pulley,  and 
shift  itself  to  a  fresh  place  on  the  drum  corresponding  to  tne  pulley  ;  thk  cansei 
the  pulley  to  turn  round,  and  by  the  pin  pushing  round  the  end  o€  the  drircr 
screwed  on  tlie  work,  communicates  its  motion  to  the  work  to  be  turned.  When 
he  wishes  the  motion  to  cease,  for  the  purpose  of  examining  his  work*  he  pushes 
the  strap  back  again  on  to  the  other  jHiUejry  whkh  has  no  eonununication  with 
the  work,  as  it  sUps  freely  on  the  centre  pm :  the  driver  ia  simply  aa  ircn  ring, 
having  a  screw  tapped  through  one  ena  of  it,  to  pinch  the  wok  ao  &at  as  ts 
prevent  its  slipping. 

The  side  opposite  the  screw  should  he  angular,  that  it  may  fit  any  sind 
work ;  this  driver  may  be  fixed  on  either  end  of  the  work,  whue  the  other  it 
turning,  but  when  it  is  necessary  to  fix  the  driver  on  that  part  of  the  wofk 
which  is  finkhed,  the  end  of  the  screw  k  apt  to  pinch  and  bruiae  it ;  it  it 
therefore  proper  to  use  a  driver  composed  of  two  bars  of  iron  acrewed  together 
by  two  screws,  passing  through  one  bar  tapped  into  the  other ;  both  bars  art 
somewhat  hollowed  out  in  the  middle,  that  taey  may  encompaaa  the  work.  If 
thk  should  be  found  to  injure  the  work,  a  piece  of  aheel-lead  wrapped  round  it 
before  the  driver  k  put  on,  will  prevent  the  poaribility  of  ita  damaging  the 
work,  and  if  the  screws  of  the  driver  are  drawn  very  tight,  it  will  cany  the 
work  about  with  sufficient  force  to  bear  turning. 

The  manner  of  mounting  and  giving  motion  to  a  piece  of  work  in  the  centre 
Uthe  k  thus  : — the  back  puppet  is  first  fastened  on  the  bed  of  the  lathe,  at  the 
proper  length  to  receive  the  work ;  the  workman  then  places  one  of  its  endf 
against  the  points  of  the  front  centre,  with  the  points  as  near  the  centre  of  the 
work  as  he  can  guess ;  he  then  brings  the  centre  of  the  other  end  of  the  work 
opposite  the  point  of  the  centre  screw,  and  screws  it  up  so  as  to  hold  the  work 
just  tight  enough  to  prevent  its  falling  down.  In  this  state  by  turning  it  round 
by  one  hand,  while  he  holds  a  piece  of  chalk  against  it  with  the  other,  he  finds 
whether  it  k  pitched  nearly  concentric  on  the  points ;  and  if  it  -varies  much  any 
points,  he  turns  back  the  screw  and  tries  again,  observing  to  shift  the  centre-point 
nearer  towards  that  side  which  appears  to  proiect  farthest  in  revolving,  and  there- 
fore gets  marked  with  the  chalk.  When  ne  has  found  ihe  true  centre,  he  screws 
up  the  point  so  hard  that  it  may  mark  the  end  of  the  work  ;  then,  taking  iStM 
work  out  of  the  lathe,  he  punches  or  drills  holes  in  ihe  end,  where  the  screw 
and  centre  points  have  marked,  and  when  ihe  wori[  is  returned  into  the  lathe 
it  will  run  nearly  concentric ;  the  driver  being  screwed  fast  on  either  end  of  the 
work  as  is  most  convenient,  the  work  will  be  turned  round  by  the  pin  pre- 
jectine  from  the  pulley  as  before  described.  The  turning  of  heavy  iron-work, 
for  which  these  lathes  are  used,  is  performed  by  various  took  chielly  called 
hooks,  but  these  will  be  further  described. 

The  centre  lathe  will  perform  any  kind  of  work  which  can  be  turned  upon 
centres  made  in  the  ends  of  it ;  but  a  great  portion  of  the  articlet  formad  ki  tht 
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klhe,  mttit  luTe  one  of  their  tnds  at  liberty,  to  be  oMrated  upon  vbile  Uiey  are 
turning,  ta  cups,  boxes,  and  all  kiodi  of  hidiow  article* ;  theie  ire  turned  in 

Tktfoot  laki,  with  nmirU  mdcellv. — A  latfae  of  tbii  kind  lervei  equally 
well  for  centra  work ;  therefore  if  the  profeiKd  turner  ii  witbout  a  mandril  lathe, 
one  of  Iheae  constructed  in  theiimplaKandmoiteconoaucalniinner,  and  chiefly 
of  wood,  that  the  artifioet  may  be  enabled  to  make  it  bimielf,  i*  thown  in  the 
annexed  figure. 

Fig.l. 
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It  H  pot  in  motion  by  a  foot-wbeel  and  treadle,  id  that  the  Innier  bu  botli 
hand!  at  liberty  for  directing  the  toob.  A  ii  the  bed  of  the  lathe,  coneiUing 
of  two  beanu  or  cheeki,  fixed  pardlel  lo  each  other,  and  tearing  a  small  space 


between  them,  as  shown  in  ^.  2.  The  bed  is  luppwted  by  threeuprigbt  legs, 
as  shown  in  the  figure ;  one  of  tfaeM  piDJecl*  above  the  bed  a  sufficient  height 
to  form  one  of  the  puppets  C,  for  the  support  of  the  extremity  of  the  spindle  or 
roaodril  t  E;  the  other  end  is  supported  in  a  collar  fixed  in  an  inn  standard 
or  puppet  B,  which  ii  screwed  down  upon  the  bed,  by  two  bolt*  matked  t  (.  The 
bull  puppet  D  ha)  a  tenon  which  is  recured  through  the  bed,  by _ which  it  can 
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be  fastcued  at  any  place  ;  /  ii  the  back  centre  pin,  fitted  throu^  the  poppet; 
and  ^  is  a  icrew  situated  behind  it,  to  adrance  and  keep  it  up  to  his  work.  Tht 
mandril  is  turned  round  by  a  band  of  cat^t  passing  round  the  pulley  c,  and 
i1  also  round  the  large  foot-wheel  G,  which  it  made  of  cast  iron,  and  fixnl  on  the 

j  end  of  the  axis  H  ;  this  is  bent  as  in  the  figure,  to  form  two  cranks,  united  by  t«o 

iron  links  to  the  treadle  I,  on  which  the  workman  presses  his  foot ;  thu  treadle 
is  affixed  by  two  short  boards  to  an  axis  on  which  the  treadle  I  mores.  The 
wheel  G  is  of  considerable  weight  in  the  rim,  and  being  wedged  fast  on  the  axis, 
turns  round  with  it ;  it  is  the  momentum  of  this  wheel  that  continues  to  torn  the 
work  while  the  crank  and  treadle  are  rising,  and  consequently  while  the  work- 
man exerts  no  power  upon  them.  When  the  crank  has  passed  the  Tertical  po- 
sition, and  begins  to  descend,  he  presses  his  foot  upon  the  treadle,  to  give  the 
wheel  a  sufficient  impetus  to  continue  its  motion  until  it  arrives  at  iae  same 
position  again. 

The  length  of  the  iron  links,  which  connect  the  cranks  with  the  treadle  I, 
must  be  such  that  when  the  cranks  are  at  the  lowest,  the  board  I  of  the  treadle, 
to  wliich  the  links  are  hooked,  should  hang  about  two  or  three  inches  from  Um 
floor.  The  turner  gives  the  wheel  a  small  turn  with  his  hands,  till  the  crank 
rise  to  the  highest,  and  pass  a  little  beyond  it,  then  by  a  quick  tread  be  bringi 
the  cranks  down  again,  putting  the  wheel  in  motion  with  a  Telocity  diat  will 
carry  it  several  revolutions ;  he  must  observe  to  begin  his  next  tread  just  when 
the  cranks  pass  the  highest  point,  and  then  it  will  continue  running  the  same 
way  with  a  tolerably  regular  motion,  if  he  is  punctual  in  the  time  oi  his  treads. 
The  rest  which  supports  the  tool  while  it  is  in  the  act  of  turning,  is  made 
t  of  iron,  as  shown  in  Fiy.  2 ;  it  is  supported  on  the  bed  of  the  lathe  by  its  foot, 

I  which  is  divided  by  a  eroove  in  the  manner  of  a  fork,  to  receive  a  screw  bolt, 

'  going  down  through  the  lathe-bed,  and  fastening  it  at  any  place  along  it  bj 

a  thumb-nut ;  the  groove  in  the  foot  is  for  the  purpose  of  allowing  the  rest  ta 
be  moved  to  and  from  the  centre  of  the  lathe,  to  adiust  it  to  the  diameter  of  thi 
work  which  is  turning.  The  height  of  the  rest  is  of  some  importance  in  turn- 
ing ;  and  for  some  work  it  should  be  fixed  higher  than  others ;  therefore  the  shank 
of  the  cross  piece,  or  T,  upon  which  the  tool  is  laid,  is  received  into  a  socket  n 
the  foot  of  F,  and  can  be  held  at  any  height  by  a  screw.  As  the  socket  is  cylin- 
drical, the  edge  of  the  rest  can  be  placed  inclined  to  the  axis  of  the  work,  when 
tumine  cones,  or  other  similar  work ;  though  the  same  purpose  may  be  aooom- 
plished  by  the  screw  which  holds  the  foot  of  the  rest  down  to  the  bed  of  the 
lathe,  admitting  it  to  stand  in  an  oblique  direction. 

The  mandril  or  spindle  is  the  most  important  part  of  the  lathe;  it  Is  made  d 
iron,  in  the  manner  shown  at  /t^.  S  :  but  the  two  extremities  are'of  steel,  which 
1  are  hardened  after  being  turned  and  finished ;  the  small  end  has  a  hc^e  made  in 

it  to  receive  the  point  of  a  screw,  which,  as  shown  at  e,  Fig.  1,  supports  the  end 

of  it ;  the  other  end  of  the  mandril  is  made  larger,  and  has  a  hole  within  it,  cat 

1^  with  a  female  screw,  for  the  purpose  of  fixing  on  the  various  chucks  by  which 

!  the  work  is  turned ;  the  outside  surface  of  the  end  is  turned  extremely  true,  and 

]-  is  fitted  in  a  brass  collar  at  the  top  of  the  standard  B ;  one  of  the  bolts,  marked 

if  which  fasten  the  standard  down,  goes  through  a  stout  iron  plate,  situated  be- 
-'  neath  the  bed,  passing  between  the  two  wooden  cheeks.     In  the  top  of  the 

standard  is  a  sauare  hole,   for  the  reception  of  two  pieces  or  dies  of  brass 

which  include  the  mandril  between  them ;  these  are  kept  in  their  places  by 

j  a  piece    of  iron  i,  fastened  down  by  screws  /  / ;  and  m  is  a  screw  tapped 

r  through   this,  which  presses  the  two  dies  together,  and  thus   adjusts   Uiem 

\\  to  receive  the  neck  of  the  mandril  without  any  shake.     The  screw   which 

supports  the  other  extremity  of  the  mandril  fits  in  two  iron  or  brass  nuts,  which 

are  let  into  the  back  and  front  of  the  wooden  puppet  C,  and  by  turning  this,  the 

)>  mandril  can  be  adjusted  to  run  very  correctly  in  length ;  to  prevent  the  screw 

from  turning  back  when  the  lathe  is  in  motion,  a  nut  is  placed  on  the  screw 

outside  of  the  puppet,  and  after  the  screw  is  turned  by  its  head  to  fit  and  bold 

i,  up  the  mandril,  the  nut  is  screwed  firmly  against  the  nut  which  is  let  into  the 

f  outside  of  the   puppet ;  this  causes  such  a  pressure  upon  the  threads  <^  the 

li 
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screw,  that  it  is  in  no  danger  of  turning  back,  as  it  would  otherwise  be  liable  to 
do  with  rough  work. 

The  mandril  by  this  means  runs  very  steady  and  accurately  in  its  bearings ; 
and  it  is  plain  that  any  piece  of  work  being  firmly  attached  to  the  end  of  it,  by 
means  of  the  screw  before-mentioned,  may  be  turned  by  a  tool  held  over  the 
rest,  in  the  same  manner  as  if  it  was  mounted  between  centres,  but  with 
the  advantage  that  it  be  turned  at  the  end,  to  make  hollow  work  when  required. 
The  foot-wheel  causes  the  mandril  to  revolve  very  rapidly,  so  that  it  will 
perform  its  work  very  quiclc,  and  the  workman  must  acquire  a  habit  of  standing 
steady  before  his  work,  that  he  does  not  give  his  whole  body  a  motion  when  his 
foot  rises  and  falls  with  the  treadle  I. 

The  tools  used  in  turning  are  numerous,  and  for  the  most  very  simple ;  they 
consist  chiefly  of  chisels  and  gouges,  and  hooked  tools,  with  edges  diiferently 
beveled,  so  as  to  adapt  them  to  their  peculiar  objects ;  tools  with  serrated  edges 
for  cutting  solid  and  hollow  screws ;  callipers  of  several  kinds,  gauges,  oil-stone, 
&c.  To  describe  all  thes^  things  and  their  peculiar  uses,  would  occupy  too  laigo 
a  space ;  we  therefore  proceed  to  notice  some  of  the  more  important  apparatus 
and  improvements  which  have  been  of  late  years  made  in  lathes,  and  with  which 
some  of  our  readers  are  perhaps  not  yet  acquainted. 

A  very  elegant  and  useful  lathe,  especially  for  amateur  turning,  was  many 
years  ago  made  by  Mr.  Henry  Maudslay,  of  London.  The  most'  important 
feature  in  this  improved  turning  machine,  was  the  substitution  of  a  triangular  or 
prismatic  bar,  upon  which  the  rest  and  centre  puppet  are  constructed  so  as  to 
slide,  instead  of  sliding  between  parallel  rectangular  cheeks,  as  in  the  last  we 
described.  Since  the  first  introduction  of  this  lathe,  (about  30  years  since,)  the 
triangular  bar  has  been  universally  applied  in  lathes  of  the  b^t  kind.  ISome 
of  the  appendages  introduced  with  Maudslay's  lathe  are  particularly  deserving 
of  attention. 

The  first  we  shall  describe  is  the  universal  chuck,  of  which  the  subjoined 
figure  will  convey  an  accurate  conception. 
At  a  is  a  hollow  screw,  at  the  bottom  of  which 
is  another  screw,  b  6,  which  is  prevented 
from  moving  endwise  by  a  collar  in  the  mid- 
dle of  iL  One  end  of  the  screw  is  cut  right- 
handed  and  the  other  left-handed ;  so  that  by 
turning  it  one  way,  the  nuts  c  d  will  recede 
from  each  other,  or  by  turning  it  the  contrary 
way,  they  will  advance  towards  each  other. 
These  two  nuts  pass  through  grooved  open- 
ings in  the  plate   e,  and  project  beyond  the 

same,  carrying  jaws  like  those  of  a  vice,  by  means  of  which  the  substance  to  be 
turned  is  held. 

Another  very  important  and  useful  appendage  to  Mr.  Maudslay's  lathe,  was 
his  slide  rest,  which  instrument  is  now  universally  employed  in  the  best  kind 
of  lathes,  for  turnins  the  faces  of  wheels,  hollow  work,  and  numerous  other 
purposes.  Since  its  mtroduction  it  has  received  many  valuable  modifications. 
It  IS  represented  in  the  subjoined  engraving.  At  a  a  is  a  triangular  opening 
to  receive  the  triangular  bar  before  mentioned,  which  is  closed  agamst  the  lower 
surface  of  the  bar  by  means  of  clamps  and  screws,  not  represented.  The  tool 
for  cutting  is  fixed  in  the  two  holders  h  b,  by  their  screws ;  these  holders  are 
fastened  by  a  sliding  plate  e,  which  can  be  moved  backward  aod  forward  by  the 
screw  d,  causing  the  tool  to  advance  or  recede.  When  it  is  necessary,  as  the 
turning  of  the  insides  of  cones,  &c.,  that  the  tool  should  not  be  parallel  to  the 
spindle  of  the  lathe,  the  screw  at  «,  and  another  similar  one  behind,  must  be 
loosed,  so  as  to  allow  the  circular  plate  under  the  box  f,  to  turn  upon  its  centre. 
Near  the  four  upper  comers  of  the  lower  portion  of  the  rest  are  small  projec- 
tions, two  of  which  g  a  are  seen ;  they  have  inclined  sides,  and  fit  into  corre- 
sponding angular  openings  A  A  of  the  upper  part  of  the  instrument,  which  slides 
or  rises  between  the  piece  t  and  the  base  k^  in  such  a  way  as  to  prevent  any 
other  than  a  vertical  motion.     When  this  slide  tool  is  placed  on  tnc  bar  to  be 
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Qied,  the  diitancc  from  Vkt  centre  is  adjiHicd  bj  the  aenw  A  w! 
tilde  n  in  iti  grooTc,  and  all  the  apparatm  upon  it;  vIuIa  fay 
■lidemay  be  moTed  in  a  direction  perpendimUr  to  U»  bar,  and 
acting  in  the  tlita  A  A,  the  pUte  o  wiD  to  raised  or  lowored  ■■ 


Such  lathes  as  we  hare  already  described,  are  not  wtBadiyicd  te  Cte 
of  long  rods  and  cylinders,  such  as  are  reooired  in  laigc  sffni  f  nri 
▼arious  maaare  machinccy,  on  account  of  the  necessity  of  icpaatwy 
the  rest  and  th«  difScolty  of  keeping  the  work  perfectly  laufiiKm  m  tfaiekMi 
through  a  considerable  length.  £nsineen&ereforefecilitatatiietiini^^«f8H 
surfaces  by  means  of  another  machine  called  a  slide  lathe,  fay  wbldi  &a  m 
is  performed  with  great  ease  and  exactness.  The  princi^  of  tfui  lateMlii 
consists  in  so  constructing  and  attaching  the  body  or  carnage  of  ^he  real^  tfa 
instead  of  being  screwed  down  to  one  nlaoe  dnrmg  the  operatkn  of  &e  tsi 
and  reooiring  to  be  advanced  at  interrals  as  the  work  pgocjfr<1s^  it  aliall  sUi 
along  tne  suraue  of  the  bench  in  a  direction  parallel  to  a  line  dimwu  fHuxH^ 
the  centre  of  the  spindle.  At  the  same  time  the  tool,  instead  of  being  SMre 
held  upon  the  rest  with  the  fingers,  is  firmly  fixed  in  itsDroper  poeition  far  eerei 
so  that  it  can  neither  be  driven  off  without  taking  effect,  nor  yet  be  nawa  1 
its  keenneu  so  as  to  spoil  the  work.  The  whole  is  managed  in  such  a  way  thi 
as  the  iron  to  be  turned  revolves  between  the  centre  grants,  the  rest^  with  i 
cutter  or  chisel  advances  slowly  along  in  a  certain  direction,  so  as  to  produce 
perfectly  level  rod.  But  besides  the  exactness  attainable  by  this  method,  the 
IS  likewise  the  advantage  of  economy ;  as  one  man,  who  would  with  hard  labo 
apply  the  tool  to  one  point  at  once  at  a  common  lathe,  may  eaafly  attend  to,  ai 
keep  in  work,  two  or  three  slides. 

The  degree  of  velocity  with  which  the  surface  of  an  article  beinf  tume 
ought  to  pass  the  edge  of  the  tool  so  as  to  be  cut  by  it,  diffirrs  material^  in  rel 
tion  to  omereDt  metals.  Cast-iron,  in  consequence  of  its  open  g:raiB«  ai 
containing  as  it  generaUy  does  many  impurities,  is  required  to  revolve  ve 
slowly,  so  as  to  pass  the  edge  of  the  cuttmg  tool  only  at  the  rate  of  about  1 00  feeCp 
minute ;  wrought  iron  and  steel  are  usually  turned  when  revolving  at  a  rate 
about  twice  as  quick ;  and  brass  cuts  well  when  coining  in  contact  with  ti 
chisel  at  the  rate  of  about  300  feet  per  minute.  To  produce  the  reouiai 
velocity  according  to  the  material  or  size  of  the  work,  pulleys  of  dinerc 
diameters  are  fastened  on  the  spindle,  as  already  stated ;  so  that  the  larger  t 
work,  the  larger  the  pulley,  and  vice  vertd, 

Mr.  Ibbetson,  an  amateur  turner  of  great  celebrity,  and  the  author  of  a  prel 
hook  on  eccentric  turning,  has  made  many  improvements  in  the  mechanism  1 
ornamental  turning ;  his  eccentric  chuck  is  exnibited  in  the  annexed  figure. 

o  a  is  a  plate  of  brass  of  sufficient  solidity,  on  which  are  fixed  two  slides 
steel  6  (,  by  means  of  screws ;  the  holes  which  admit  the  screws  are  madff 


■  little  oval  tn  enable  the  ilides  to  move  nearer  Id,  ox  farther  from,  each  alher,  if 
pecestary ;  c  c  c  f  are  four  pieces  of  metal  lirmly  fixed  U>  plate  a,  and  having  ■ 
Wreir  in  each,  ohich  preuei  on  the  illdea  b  li ;  da  a  plate  of  metal  or  brait, 
Kiliding  between  b  b  in  a  dovelu!.  and  niuil  be  made  to  fit  retr  accurately  when 


the  iLdes  are  parallel  to  each  otbpr,  and  li  moved  bciTren  ibe  BJides  by  mean*  of 
■  ictew  working  in  a  elot  mude  in  the  ]iUle  a,  and  which  rrgnlalei  the 
eccentricity,  ai  it  moves  the  plate  d,  either  nearer  to.  or  farther  from,  the  centra 
of  the  chuck,  c  U  a  circular  plate,  wboie  edge  b  cut  into  teeih,  and  which  i* 
capable  uf  being  turned  round  iti  centre,  and  is  held  in  any  poiition  bj  tho 
catch  J,  which  folU  in  between  the  teeth,  aud  U  held  in  its  place  by  a  ipring  A. 
On  the  centre  of  the  wheel  t  ii  fixed  a  acrew  /,  (exhibited  by  the  shadow  throim 
on  the  wheel,)  whose  threads  correspond  with  the  screw  of  the  mandril  of  die 
luthe,  for  the  purpose  of  fixing  any  cliiii;k,  on  which  is  fastened  the  substance 
to  be  turned.  To  this  chuck  Air,  Ibbetson  has  adapted  a  slide-rest,  of  n  peculiar 
descnpliuD,  M  well  as  liii  lathe  and  other  appendages  thereto,  for  an  explanation 
of  which  we  muit  refer  llie  reader  U>  his  wcrk,  entitled  Sprcaieia  m  Eceentrie 
Grailar  Turning,  uitk  Vraelical  Initmelioni/or  producmj)  correipmidiiig  Pieca  in 
lAsf  /irt,  publiihed  by  Wetlon,  Fleet-etreet.  This  work  is  illuitraled  by  upwards 
of  sixty  cupper-platc  engravings,  and  initatians  of  wood-cuts  of  a  superior 
description ;  and  it  is  due  to  llie  ingenious  author  not  to  omit  noticing,  that 
the;  mre  aU  produeid  in  iht  laiAe  ty  lumtlf.     In  the  following  page  we  give  • 


1 


teff  el  two  D-t  thr  fl^m  ortlw  timplnteciinkmaiiotiiof  cixdcs,  tAsbii 
w  lo  all  otliFTi,  tliE  author  hoi  anticxcd  plain  praclicul  ii 


novice  may  proceeJ  Hep  by  itrp  to  projure  the  nme  GgKstPt  br  ti 
M3CW1  of  iho  »Iide-re*l  anil  ilie  rcccoiriccbuck  tiirougli  ptvKribvii  n 
fi-om  thneaimpU  figuici,  by  iimilar  lucceuiTc  aperatiaas,  be  nuy  a 
it  elaborate  and  beautiful  designs. 
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feeling  assured  that  it  may  prove  of  the  most  eminent  service  to  mechanics,  as 
the  arrangements  are  extremely  simple  and  easfly  understood,  and  the  con- 
struction such  as  any  tolerable  workman  can  accomplish,  and  avail  himself  of 
the  advantages  it  oners,  at  a  moderate  cost 

"  Fig,  1  represents  die  lathe,  with  the  cutter-frame  fixed  in  the  compound 
sliding  rest,  ready  for  use.  A,  the  triangular  bar  on  which  the  machine  is 
mounted.  B  B,  two  pillars,  which  support  the  bar ;  the  parts  5  5  fix  it  to  the 
lathe-frame.  C,  the  left-hand  head ;  D,  the  pulley ;  £,  the  mandril ;  e^  the 
screw  on  which  the  chucks  are  fixed;  F,  the  cutter-firame ;  /,  the  cutter; 
G,  two  wheels,  which  give  a  slow  motion  to  the  cutter-firame ;  H,  the  rod 
and  handle  of  the  slow  motion ;  I  I,  two  heads  or  puppets,  in  which  is  fixed 
the  spindle  K,  of  the  cutter-frame ;  L,  a  bar  of  steel,  on  which  the  puppets 
are  fixed,  and  which  also  fastens  the  cutter-frame  to  the  compound  sliding  rest, 
by  passing  it  through  a  hole  in  the  tool-frame^  as  will  be  seen,  on  reference  to 
the  figure,  the  part  y  removing  for  the  purpose ;  M,  a  groove  turned  on  the  edge 
of  the  cutter-frame,  for  the  string  N  to  work  on ;  O  represents  the  frame  for 
double  stringing  the  lathe ;  P,  a  movable  pulley,  whereby  it  may  (be  fixed  per- 
pendicularly over  the  cutter-frame ;  Q,  a  weignt  attached  to  a  pulley  behind 
the  bar,  for  keeping  the  string  N  tight ;  R  R  ft,  the  pulley's  string  and  weight 
connected  with  the  frame  O,  for  double  stringing  the  lathe ;  T,  the  index  to  the 
division-plate ;  S,  one  of  two  screws  for  changing  the  rectangular  position  of  the 
compound  sliding-rest  to  an  oblique.  S,  F^  2  and  3,  represents  the  slide  of 
the  cuttel^frame ;  and  A,  Fig.  3,  the  screw,  whereby  the  slide  is  moved ;  g,  the 
screw  for  fastening  the  cutter.  FU^.  2,  is  an  enlarged  view  of  the  cutter-frame, 
when  removed  from  the  rest  Fig.  3,  represents  the  face  of  the  cutter-frame. 
Fig.  4,  the  back  of  it,  with  the  wheeb  of  tne  hand-motion.  The  letters  refer  to 
the  same  parts  in  all  the  figures. 

**  This  machinery  is  intended  to  supersede  the  use  of  the  eccentric  chuck,  by 
assumirig  a  more  natural  and  easy  method  of  engraving,  by  the  tool  or  cutter 
tracing  the  work,  instead  of  the  article  doing  it,  that  is  to  be  ornamented.  By 
this  improvement,  the  action  of  the  tool  is  more  distinctly  seen,  than  could  be, 
by  the  movement  of  the  chuck,  especially  after  a  few  curdes  have  been  cut; 
for,  by  their  rotation,  the  eye  (particularly  of  an  amateur)  is  soon  fatigued,  and 
yet  to  these  inconveniences  a  turner  must  continue  to  submit,  if  no  better 
method  could  be  contrived. 

"  The  principal  advantages  of  the  present  invention,  are  the  following.  At  a 
comparatively  trifling  expense,  (to  the  co«tly  madiineiy  now  in  use,)  a  turner 
may  be  put  in  possession  of  an  apparatus,  which  will  answer  all  the  purposes  of 
eccentric  and  cydoidal  turning,  and  which  will,  at  the  same  time,  form  a  com- 
plete drilling  frame.  As  an  apparatus  intended  to  supersede  the  use  of  the 
eccentric  chuck,  it  combines  many  advantages,  amongst  which,  three  may  be 
mentioned  that  are  of  importance : — 1st,  As  all  patterns  are  worked  by  the 
divisions  of  the  plate  on  the  small  wheel  of  the  laue,  a  much  more  extensive 
variety  of  circles  can  be  obtained,  than  eould  be  by  the  divisions  of  the  eccen- 
tric chuck.  2d,  By  slackening  the  screws  s  j^  in  the  lam  slide  of  the  compound 
sliding-rest,  a  change  may  bt  effected  firom  the  rectanguhur  position  of  the  cutter- 
frame,  to  an  oDlique  position ;  and,  after  the  proper  angle  is  obtained,  (the 
screws  being  tightened,)  the  segments  of  circles  can  be  worked  round  a  centre 
with  greater  accuracy,  Uian  could  be  by  tracing  over  patterns  which  I  believe  b 
the  common  method ;  while  the  alteration  of  my  machinery,  for  such  purpose^ 
would  scarcely  occupy  a  minute  of  time ;  an  object  which  is  of  no  small  impor- 
tance for  the  dispatch  of  business^  3d,  The  loss  of  time  in  centring  the  work, 
occasioned  by  the  necessity  of  removing  it  from  one  chuck  to  another,  to  receive 
the  different  ornaments,  (an  evil  severely  felt  by  turners,)  is  obviated  by  my 
improvement ;  as  al^o  the  great  difficulty,  so  often  experienced  in  getting  the 
face  of  the  work  to  run  true  again,  after  taking  it  from  one  chuck  to  another ; 
firom  their  liability  to  get  out  of  truth  by  the  wearing  of  the  screws  in  fixing 
them  to,  and  removing  them  from,  the  spindle  of  the  lathe ;  in  which  case 
every  effort  at  fine-finbning  would  be  inevitably  defeated. 


sot 


Tl'RMSG. 


"To  Bpply  my  appiiram.  for  cjckidd  tiiniiiig,  Ui»  additkio  of  a  « 
TcqiHred  to  connect  the  cuttfr-fruna  with  the  iiuirerul  cbuck.  aftrr  it  ate" 
«m  iha  tpindle  or  tht  lathe ;  b  it  which,  on  accotmt  of  iti  contwxien,  f 
bwl  drauehtiinon,)  lam  unable  la  lend.     TheroUowing  Attcriptienw" 
nake  Iti  conttrnction  appear  tuIBcienlly  intelligiblr. 


lirersal  chuck,  (ihc  mschine  on  wtiJ 
is  fixvd.  and  which  »  a  comt 
to  all  lalhcii,)  1  have  divided  inlo  H4  equal  parts,  which  form  a  whttist 
upon  tile  face  of  the  Uft-hand  head  of  the  lathe  19  lixed  a  nUte,  and  «  a 
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tptmiiag  one  on  the  side  of  tlie  mt,  lliroii^h  vliicli  llic  axis  nf  lh«  n)i]  cotinect- 
ing  the  chuck  and  cuttet'rrame  revolvpt  Now  if  upon  tlie  rod  is  fixed  a  wheel 
oftirdre  teeth,  working  on  the  wheel  formed  by  the  rdge  of  the  universal  chuck; 
■nd  if  upon  the  otlier  e[id  of  the  Tod  is  Rxed  a  wheel  of  the  same  eize  and 
number  ai  those  which  work  the  cutter-frame,  and  to  work  in  one  of  ihote 
wheel*;  then  it  muit  beohTumi,  that,  hy  the  chuck  rci'olvins  once,  the  wheel  of 
Iwelve  would  make  twelve  revolutions,  which  number  would  be  given  la  Ibe 
entler-frame,  thereby  tracing  an  accurate  chde  of  twelve  cycloidi.  Again. 
by  changing  the  wheel  of  twelve  to  another  of  proper  proportions  of  144,  a 
number  of  cycloid*  would  be  described  equal  to  that  proportion.  Then,  by 
■tiding  the  connecting-rod  out  of  gear,  and  moving  the  univertat  chuck  any 
number  of  teeth  forward  or  backward,  the  cycloidl  would  beantiliiny  intersect 
Hch  othn. 

"  It  may,  perhaps,  be  unnecessary  to  add,  that  thii,  and  the  eccentric  appa- 
ratus, most  bo  worked  by  ihe  hand-moiiun  of  the  cutter-frame."  (In  the 
cpiHuite  page  are  given  two  specimens  of  wDod-blockf,  cut  by  Mr.  Wightman 
*~  ipu  than  four  hours.) 

To  cbange  it  into  a  drilling  frame,  all  that  is  required,  consists  in  throwing 

all  the  wheels  out  of  gear,  and  passing  a  siring  over  the  groove  in  the  culicr- 

fi-ame,  to  work  on  a  pulley  P,  which  is  fixed  on  the  same  aibor  as  the  pulley 

i  in  double-ilringiufc  a  lathe.     Then  pau  a  atting,  (which  should  be  kept  for 

purpose,}  over  the  lasi-mentioned  pulley,  and  under  the  targe  or  lly-wbeel 

of  t!;e  lathe ;  and  after  the  drill  has  been  fixed  in  the  aocket  of  the  cutler-frame, 

and  adjuilcd  to  run  true,  or  central,  the  machine  will  he  ready  for  work.    Now 

''        '  be  clear  lltat,  by  working  the  treadle  of  the  lathe,  as  in  turning,  a  rolaij- 

would  be  given  to  the  cutter-frame;  and  aAer  the  tool  hai  been  od- 

TBiiced  to  the  work,  then,  by  movbg  the  large  or  right  angle  slide  of  the  re>l, 

(traight  line  would  be  drilled,  of  a  length  in  proportion  to  the  movement  of 

le  slide.     Tlien  change  the  division  of  Ihe  plate  on  the  small  wheel  of  the 

lathe,  and  if  the  first  line  was  cut  finrn  tlie  centre,  then  cut  the  next  la  the 

centre,  and  so  on  till  the  whole  is  completed,  when  a  beautiful  circle  of  straight 

i: —  would  he  cut  from  a  centre." 

very  ingenious  expanding  chuck  was  invented  by  Mr.  Lewis  Gomperli. 

1  and 2  representiwopertBectiveviewB of  Ibc chuck;  the hnt, u employed 

fig.  2.  i»  an  oppodte  view 


<  grasp  a  piece  of  wood  of  large  dimensions; 


wilh  the  jaws  collapsed,  i 


imollet  Direct.      J^iff.  3  shows  one  of  the 
,  ,  letters  in  euch  fieure  refer  to  Ibe  samn 

body  of  tlie  chuck  a,  is  cylindrical,  and  ins2e  of  hard  wood,  with  a 
terew-thread  cut  on  its  pcriuhery.  'I  hree  longitudinal  rectangular  groovea  b  b, 
(only  two  of  which  arc  seen,)  are  ihcn  made  throughout  ita  length,  ilsnlingly,  as 
-  -      -  s  » 


thawn  bj'tliedotle.llinMer,flj.2.     The  ihwedampt,  rf  b/,  on«  nf  ^ 
ihown  cnttrc  bj  Fy.  2.  an  tlien  fixed  In  thm  gnMnrot  by  tlietr  joinledl 


^,  

thiu  fiifd  have 


t.u  .  ,.  ■"  f'!,'  ''■"*■  S""  '''^'''  '^*'"'"  *•  "'■''=''  P»"  lhw>gh  tlw  ■ 
rf  the  chuck  I,  and  are  nvellcd  lo  *.  Ihi-  metallic  hoop  of  ihe  uSne.  ■" 
hut  Ried  have  a  rongc  of  moljon  in  the  grooves,  m  repns«nt«d  ■■« 
hy  FSff.2:  the  ihaded  pnrt  /  shonn  tlie  clamp  in  the potitJoo.  when^ 
—  trm  in  Fig.  I  ;  Uie  Bwne  in  doited  litiet  in,  ai  when  cnplojvd  I 


I  n  repreienti  that  portion  of  a  triangular  pytmatU 
re  of  the  cylinder  a,  by  the  Elanling  cuts  t>elor«-in«it 


and  the  an^hr  piece  n 
is  formed  in  the  centre  0 

The  clamps  def  are  made  ationg,  Bteeleil,  and  hardeQed  sMhe  Java, 
eitemnl  edge*  (curved  ai  repreaented)  are  tiled  into  grooves  or  notcfaei,  _ 
respond  with  ihe  screw-thread  on  the  hard  vrood  cylinder  a  ;  the  metAllie 
or  circular  nut  o,  which  is,  of  coune,  cut  witU  a  screw  to  fit  both  the  to 
"an  therefore  be  wound  over  anj  part  of  the  cylinder,  and  by  that  meaiil 
down  the  clamps  lirmly  to  the  object  they  graip.     When  the  ring  ii  situBl 
in  UgA.  the  jaws  ure  open  to  receive  a  large  piece;  and  when  moved  i, 
towards  llie  back,  tlic  ring  operates  lopreudown  the  clamps,  owing  to  \h% 
raiure  of  their  serrated  backi.    The  pnyectioii  p,  on  the  ring  o,  is  for  lb* 
venience  of  applying  any  thing  to  it,  to  move  Jt  round  forcibly,  and  • ' 
made  tlirough  it,  for  the  insertion  of  a  wire.     The  jawa  of  tiie  damn  ti 
notched  like  those  of  a  vice,  to  obEaiti  a  secure  hold  of  the  objects  placed 
them  J  r  ii  the  screw,  by  which  the  chuck  is  fixed  lo  the  lathe. 

We  ehnll  close  the  present  article  by  the  description  of  a  beautiful  iavi 
by  Mr.  John  Anderson,  a  member  oif  the  London  Mechanics'  1  pstiimj 
whom  wot  awarded,  in  1S30,  ibe  annual  prite,   "  for  (he  beat  machine^  «• 
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provemcnt  of  •  machine ;"  uid  of  whom  Dt.  Bitfcbeck  (in  a  puUie  addrcM  on 
ihe  distribution  of  the  prim,)  elegantly  md  jtutlj  obierved,  lliat  he  had  "ele- 
vatedhimielf  in  loeiet;,  by  bMoming  iti  benefactor;"  that,  "though  now  a  work- 
ing millwright,  Mr.  Andervon  had  evinced  a  geniua  that  pointed  him  out  for  a 
dtstinguiibed  engineer — Drobably  a  Smeaton  or  a  Watt;  neither  of  whom,  at  liis 
age,  poueued  lo  much  knowledge  of  algebrs,  or  of  geometry,  and  neither  of 
them  had  then  giren  nieh  decided  proofs  of  genius." 

After  the  Doctor  had  enlained  the  construction  and  um  of  the  instrument, 
which  was  on  improved  sGde-reet  for  lathes,  Mr.  Andenon  gave  a  ptoclical 
U'ustration  of  iCa  utility  hy  turning  a  convex  and  a  concave  roller,  wbch  were 
completed  with  great  expedition,  and  fitted  each  other  with  mathematical 
•  aetnesa.  In  this  improved  slide-rest  the  object  proposed,  was  to  turn  tbe 
■triaces  of  the  bodies  circular  in  the  longitudiua]  direction  :  the  curved  suiiace 
In  such  direction  being  either  convex  or  concave  to  the  axis  of  rotation.  And 
it  was  more  especiaUy  intended  to  apply  when  the  degree  of  curvature  required 
was  very  smalt  or,  which  is  the  same  uiing,  when  the  radius  of  the  required 
curve  was  veiy  great,  u,  l^  the  pretenl  mode  of  turning,  the  greatest  difficulhr 
is  found  in  such  cases.  The  improved  rest  is  alto  found  to  be  equally  appli- 
cable to  Ihe  turning  of  bodies  in  the  form  of  lenses,  whether  convex  ot  concave ; 
and  in  each  of  the«e  cases  tbe  facility  of  operatiDn,  and  accuracy  of  perform- 
ance, is  equal  ta  that  of  the  common  uide-re»t  in  turning  straight  or  flat 

The  principle  of  the  improvemprt  or  circle-turning  appendage  depends  tq>oD 
two  geometrical  ptopotilioii*  :  1st,  that  all  angles  in  the  same  segment  of  a 
circle  ace  equal ;  and  2d,  that  a  straight  line  of  any  length,  being  made  to  move 
always  parallel  lo  itself  with  one  end  touching  a  code,  tbe  other  end  wiU 
describe  ■  circle  equal  in  every  respect  to  tbe  finL 

Now  in  tbe  improved  dide-rest,  shown  in  the  annexed  figure,  tbe  triangle  dcf 


to  made  to  slide  against  the  fixed  pmi  at  d  and  /;  whence  the  vertex  c  wiU 
describe  a  portion  of  a  circle  greater  or  less  in  diameter,  according  as  theangib 
d  ef  ii  made  more  or  less  obtuse ;  and  further,  the  centre  of  the  circle  thu* 
deKribed,  will  be  on  the  one  side  or  the  other  of  a  straight  line  joining  dj, 
accordine  as  the  vertex  e  of  tbe  triangle  b  on  the  oppodte  side. 

The  sliding  triangle  d  cf  consists  of  three  pieces ;  vii.  of  two  aidei  d  e, 
and  ef,  with  a  slit  or  opening  in  each  for  the  pint  d  and  /  to  slide  in ;  and 
ihey  are  movable  round  a  centre  at  c,  by  wbicb  means  they  con  be  made  l« 
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form  any  angle  witb  eacb  other.  The  thbd  piece,  or  liaae  of  the  triangle,  btbi 
connecting-bar  a  b,  by  means  of  which  the  two  tides  are  held  faat  in  m\ 
reouired  position. 

The  iliding-plate  e  e  ii  similar  to  that  of  a  common  alide-rest.  and  it  i 
moved  backward  or  forward  by  a  screw  and  handle  6,  in  the  same  maniM 
Upon  this  plate,  and  at  richt  angles  to  the  direction  in  which  it  mores,  a  box 
is  made  to  slide ;  within  tnis  box  there  is  another  sliding  piece  i^  carrying  di 
tool  or  cutter  t  The  interior  slidinff-piece  /  is  made  to  more  within  the  ba 
by  means  of  a  screw  turned  by  the  handle  a  ;  and  by  this  means  the  cotter 
can  be  made  to  advance  or  recede,  as  in  a  common  slide-reat.  The  aliding-box 
is  connected  with,  and  movable  round  the  centre  c,  at  the  Tertez  of  the  sUdiB 
triangle ;  and  hence  if  the  box  «  move  in  any  direction,  the  Teitex  e  of  di 
triangle  must  move  along  with  it  in  the  same  direction. 

Now  suppose  it  were  required  to  turn  a  body  of  the  form  P  in  the  figure.  & 
the  sides  a  e  and  e  f  io  the  proper  angle ;  then  screw  the  three  nuts  a  e 
tight,  which  will  retain  them  m  that  position.  By  means  of  the  screw  sn 
handle  a,  make  the  sliding  piece  and  cutter  i  advance  as  near  the  body  p  ss  i 
necessary  to  turn  it  of  the  required  diameter.  Then  by  the  screw  and  handle 
move  along  the  sliding-plate  e  e,  which  plate  will  cany  along  with  it  the  slidioij 
piece,  carrying  the  cutter  /,  the  sliding-box  «,  and  the  sliding  triane^  d  ej 
But  it  will  be  readily  perceived,  that  as  the  triangle  if  c/ mores  along,  th 
vertex  c  will  describe  a  portion  of  a  circle ;  and  as  the  end  uf  the  sliding4iox 
is  connected  with  the  centre  c,  the  box  will  move  along  always  paraUel  to  itsrlj 
with  that  end  touching  the  circle  described  by  the  vertex  of  the  triangle.  Bi 
the  box  «,  and  the  sliding-piece  carrying  the  cutter,  may  he  considered  a 
forming  only  one  piece,  as  they  always  retain  the  same  relative  position  to  esd 
other,  except  when  altered  by  turning  the  screw  and  handle  is.  And  hence  tb 
joint  of  the  cutter  £,  and  centre  c,  may  be  considered  as  the  two  ends  of 
straight  line,  which  always  moves  parallel  to  itself;  and  as  the  one  end 
always  touches  the  circle  described  by  the  vertex  of  the  sliding  triangle,  d) 
other  end  will  (according  to  the  geometrical  proposition,)  describe  the  portia 
of  a  circle  equal  to  it  in  every  respect ;  and  will  thus,  by  the  rerolution  of  tl 
body  p,  turn  it  of  the  form  required. 

The  separate  Fig,  tc,  represents  a  concave  roller,  produced  hy  ahifUng  d 
vertex  of  the  triangle,  or  centre  r,  to  the  opposite  side  of  the  connecting  bar  a 

TURPENTINE.  A  transparent  resinous  juice,  flowing  either  natufaDy  < 
artificially,  by  making  incisions  from  a  variety  of  unctuous  trees,  as  the  larc 
pine,  fir,  &c.  The  essential  oil  distilled  from  this  resin  is  called  spirit,  or  oil 
turpciitine. 

TUTEN  AG.  A  name  given  in  India  to  the  metallic  zinc  The  Chinese  copp 
is  also  called  by  this  name,  which  is  alloyed  with  zinc,  and  forms  a  very  hu 
and  white  metal,  but  little  disposed  to  tarnish. 

TYMPAN.  The  double  folding-frame  in  which  the  sheet  of  paper  is  held  i 
receive  the  impression  in  printing. 

TYMPANUM,  or  Tympan.  In  Mechanics,  a  kind  of  wheel  placed  roan 
an  axis,  or  cylindrical  beam,  on  the  top  of  which  are  two  levers  for  turning  U 
axis,  and  therewith  the  weight  required. 

TY  PE.     The  metallic  letters,  and  other  characters  used  in  printinir. 

TYPOGRAPHY.    The  art  of  printing.     See  PaiNXiNo. 


1*1  ULTRAMARINE.     A  beautiful  permanent  blue  pigment,    until  recent! 

obtained  from  the  lapit4azuli,  or  azure-stone.  (See  tne  article  Azcrb-Stok 
where  that  process  is  described.)  A  method  of  forming  ultramarine  aritfidd 
has,  however,  been  recently  discovered  by  M.  Gmelin.  This  gentleman  was  V 
to  consider  sulphur  as  the  colouring  matter  of  ultramarine,  from  an  observatic 
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made  by  M.  Tasseart,  that  he  had  noticed  a  substance  resembling  ultramariiie» 
which  was  found  in  a  furnace  used  in  the  manufacture  of  soda.  The  following 
is  the  process  by  which  we  are  told  (in  the  Annales  de  Chimie,  xxxyii.  p.  109,) 
ultramarine  may  be  infallibly  prepared. 

Pulverized  quartz  is  to  be  fused  with  four  times  its  weight  of  carbonate  of 
soda,  the  mass  dissolved  in  water,  and  then  precipitated  by  muriatic  acid :  thus 
a  hydrate  of  silica  will  be  formed.  A  hydrate  of  alumina  is  now  to  be  prepared, 
by  precipitating  alum  by  ammonia.  These  two  earths  are  to  be  carefully  washed 
with  boiling  water ;  the  proportion  of  dry  earth  in  each  is  then  to  be  ascertained, 
by  heating  a  small  quantity  and  weighing  it  The  hydrate  of  silica  used  by  M. 
Omelin  contained  56  per  cent,  and  the  hydrate  of  alumina  3.24  per  cent 

As  much  hydrate  of  sflica  is  then  to  be  dissolved  in  a  hot  solution  of  caustic 
soda  as  it  will  take  up,  and  the  quantity  determined ;  then  such  proportion  is 
to  be  taken  as  contains  72  parts  of  an  hydrous  silica,  and  a  Quantity  of  the  hy- 
drate of  alumina,  equivalent  to  70  parts  of  dry  alumina  adaed  to  it,  and  the 
whole  evaporated  tc^ther,  being  continually  stirred  until  it  becomes  a  damp 
powder. 

This  combination  of  silica,  alumina,  and  soda,  is  the  basis  of  ultramarine,  and 
is  now  to  be  coloured  by  asulphuret  of  sodium  in  the  following  manner.  A  mix- 
ture of  two  parts  of  sulphur  with  one  part  of  an  hydrous  carbonate  of  soda,  is  to 
be  put  into  a  Hessian  crucible,  povered  up,  and  then  gradually  raised  to  a  red 
heat,  until  it  is  well  fused ;  then  the  mixture  is  to  m  thrown,  in  very  small 
quantities  at  a  time,  into  the  midst  of  the  fused  mass.  As  soon  as  the  effer- 
vescence occasioned  by  the  water  in  one  portion  has  ceased,  another  portion  is 
to  be  added.  Having  retained  the  crucible  at  a  moderate  heat  for  an  nour,  it  is 
to  be  removed  from  the  fire,  and  allowed  to  cool.  It  now  contains  ultramarine, 
mixed  with  excess  of  sulphuret :  the  latter  may  be  separated  by  water.  If  sul- 
phur is  in  excess,  a  moderate  heat  will  dissipate  it  If  all  the  parts  are  not 
equally  coloured,  a  selection  should  be  made,  and  then  the  substance  reduced  to 
a  fine  powder. 

This  cheap  artificial  product  is  equal  in  brilliancy,  clearness,  and  durability, 
to  the  mineral  ultramarine,  for  which  ws  paid,  a  few  years  affo,  as  much  as 
five  guineas  ao  ounce ;  and  it  is  now  so  extensively  manufactured  as  to  be  capa- 
ble of  being  substituted  for  cobalt,  from  motives  of  economy. 

UMBER.     A  brown  coloured  earth,  prepared  as  a  pigment    See  Painting. 

UMBRELLA.  A  very  light  portable  canopy,  of  a  circular  form,  framed  of 
radiating  ribs  of  whalebone,  or  other  suitable  material  covered  with  silk  or  cloth, 
and  supported  by  a  central  staff  over  the  heads  of  persons,  to  defend  them  from  rain, 
or  the  scorching  of  the  sun's  rays.  These  well-known  convenient  machines 
have  received  but  little  improvement  in  their  construction  since  their  introduction 
into  this  country  from  the  East,  where  they  have  been  in  use  from  time  imme- 
morial. British  manufacturers  have,  however,  by  a  series  of  trifling  ameliorations, 
contrived  to  reduce  the  weight  of  them  considerably ;  to  give  them  more  elegance 
of  form,  and  a  more  perfect  and  durable  action,  considering  their  slender 
substance,  and  the  delicate  materials  of  which  they  are  made,  than  they  had 
previously  attained :  and  all  these  ameliorations  have  been  effected,  together 
with  a  reduction  of  cost  equal  to  fifly  per  cent 

Our  readers  will  have  noticed,  that  in  umbreUa  frames  of  the  usual  construc- 
tion, the  ends  of  the  whalebone  are  connected  to  the  top  of  the  umbrella  by 
means  of  a  rtmj  of  wire,  and  that  the  ends  of  the  stretchers  are  in  like  manner 

{'ointed  to  the  sliding-tube,  which  is  evidently  a  very  unmechanical  arrangement, 
lowever  cheap  and  easy  of  execution  it  may  be ;  for  the  axes  upon  whioi  these 
parts  turn,  instead  of  being  straight  lines,  are  the  arcs  of  a  circle,  by  which  the 
friction  is  so  excessive  and  uneaual,  as  to  insure  the  speedy  destruction  of  these 
essential  parts,  and  an  early  dismemberment  of  tho  whole  machine.  In  old 
frames,  it  will  likewise  be  noticed  that  the  stretchers  are  connected  to  the  middle 
of  each  whalebone  by  pins  passing  through  the  latter ;  the  holes  for  these  pins 
of  course  weaken  tke  whalebones  exceedingly,  and  the  subsequent  wear  of  tnese 
parts  reduces  their  thickness  so  much,  that  they  are  frequently  breaking; 
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i«  came  or  anather,  an  tbe  at 


:e  of  much  in' 


and  Iha  wpain  required,  from  o 
convenience  in  rainj  weather. 

To  obTJate  tbew  defecb,  each  wbalebone  in  Mr.  Caney's  patent  umbrellaa  ia 
connecled  to  ttle  tap  by  aeparate  itraight  azei,  anil  in  mch  a  manner,  that  they 
cannot  ihift  thenuelvei  out  of  their  ^ace*;  the  ■tretchera  on  the  sliding^tube 
■re  connected  in  the  Hune  vaj  to  the  iliding- tubes ;  and  the  itretchen  are 
jointed  to  the  vbalebonei  vithout  perforating  the  latter,  ai  Kill  be  understood 
upon  reTerence  to  the  annexed  figurei:  nhereia  Fig.  1  ihowi  one  of  the  ends, 
a  of  tbe  vhalebonei,  b  the  ferrule  od  it,  with  a  pin  e  passing  through  its  jointed 
end.     fig-  2  shoira  a  plan  of  the  brass  plate, — d  being  a  plate  to  which  th« 
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whalebonei  are  jointed;  a  ii  the  aperture  through  which  the  umbrella  atick 

niea;  ce  denote  the  pint  or  axes  pasnng  through  the  joints,  and  lying  im- 
ded  in  cavitiea  in  the  plate,  wherein  they  are  confined  by  the  screw* 
of  the  top  btasa-plate,  shown  by  Fig.  3.  The  stretchers  lieing  jointed  to  the 
tliding-tube  in  the  same  manner  aa  before  mentioned,  need  no  illustration. 
Hg.  4  a  is  one  of  the  eight  radiating  whalebones;  A  a  ferrule  made  by  th« 
doubling  of  sheet  brass  around  it,  to  receive  the  pin  or  axis  of  the  stretcher  ff, 
without  impairing  the  whalebone;  and  themanner  of  doing  this  ia  shown  in  the 
transverse  section  in  Fig  5,  in  which  the  same  letters  of  reference  indicate 
similar  parts  as  are  already  described. 

The  construction  of  Mr.  Deacon's  patent  umbrella  is  in  some  respects 
similar  to  Mr.Caney's.  The  ends  of  the  rihs  in  the  former  have  dovetailed 
caps,  these  dovetails  entering  recesses  or  notches  in  a  cap,  wherein  they  are 
confined  by  a  plate,  which  is  screwed  down  upon  the  whole.  Instead  of  solid 
sticks,  Mr.  Deacon  makes  thera  of  metal,  hollow,  and  covera  them  with  olotli 
vamiahed  over,  or  with  a  coating  of  papier  mache,  impressed  trith  ornamental 
deaigni.  These  coverings  to  the  metal  are  intended  to  prevent  the  unpleasant 
and  destructive  efiects  of  oxidation  of  the  metal. 

A  patent  was  also  recently  taken  out  by  Mr.  J.  G.  Hancock,  of  Birmingham, 
for  makins  light  elastic  rods  for  umbrellaa,  whips,  &c,,  in  the  followlDK  manner. 
Willow  roda  of  a  suitable  length  have  the  pith  contained  in  them  bored  out, 
and  in  its  place  are  put  metallic  wires  or  rods.  'Ilie  wooden  eiteriora  are  tlien 
reduced,  by  planes  or  other  suitable  tools,  to  the  required  shape;  aflerwards,  they 
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are  coloured  and  varnished,  to  give  them  the  appearance  of  whalebone.  One 
end  of  the  rods  is  capped  with  metal  tips,  the  other  end  has  the  wires  ex- 
tending a  little  beyona  the  wooden  cases,  which  are  flattened  and  drilled  to 
receive  the  wires  that  fasten  them  to  the  handles,  and  forms  the  joint  on  which 
they  turn.  Numerous  other  patents  have  been  taken  out  for  improvements  in 
umbrellas,  chiefly  by  the  Birmingham  manufacturers,  for  the  metallic  portion  of 
the  apparatus,  termed  the  *'  furniture,"  and  the  extremely  low  price  at  which  it 
is  manufactiured,  is  a  matter  of  astonishment  to  those  who  are  unacquainted 
with  the  facilities  of  the  workshops, 

URANIUM.  A  metal  discovered  by  Rlaproth  in  1789,  in  the  mineral 
called  peek  blende.  In  this,  it  is  in  the  state  of  sulphuret  But  it  likewise 
occurs  as  an  oxide  in  the  ereen  mica,  or  uranglimmer,  and  in  the  uranochre. 
In  obtaining  it  from  pech  mende,  the  mineral  is  reduced  to  a  fine  powder,  and 
digested  in  a  nitric  acid  tUl  every  thing  soluble  is  taken  up.  The  solution  is 
then  rendered  as  neutral  as  possible  by  evaporation,  and  a  current  of  sulphu- 
retted hydrogen  gas  passed  through  it  as  long  as  any  precipitate  continues  to 
fall.  The  liquid  is  filtered  and  heated,  to  drive  ofi*  all  traces  of  sulphuretted 
hydrogen.  It  is  now  precipitated  by  caustic  anmionia ;  and  the  precipitate,  after 
being  well  washed,  is  digested,  while  still  moist,  in  a  rather  strong  solution  of 
carbonate  of  ammonia.  A  fine  lemon-coloured  liquid  is  obtained,  which  being 
set  aside  for  a  few  days,  deposits  an  abundance  of  fine  yellow  crystals,  in  rec- 
tangidar  prisms.  These  crystals  being  exposed  to  a  red  heat,  give  out  water, 
carbonate  of  ammonia,  and  oxygen  gas,  and  leave  a  black  oxide  of  uranium, 
which  is  easily  reduced  to  the  metallic  state,  bv  passing  a  current  of  hydrogen 
gas  over  it,  placed  in  a  glass  tube,  and  heated  by  a  spirit-lamp.  The  metal 
presents  a  liver-brown  colour,  and  remains  in  the  state  of  powder,  being  inca- 
pable, according  to  some  authors,  of  reduction  by  any  heat  that  can  be  applied 
to  it  Dr.  Ure,  however,  informs  us  that  50  grains,  after  being  ignited,  were 
formed  into  a  ball  with  wax,  and  exposed  in  a  well  closed  charcoal  crucible  to 
the  most  vehement  heat  of  a  porceUm  furnace,  the  intensity  of  which  gave  170* 
on  Wedgewood's  pyrometer.  Thus  a  metallic  button  was  obtained,  weighing 
28  grains,  of  a  dark  grey  colour,  hard,  firmly  cohering,  finely  grained,  of  very 
minute  pores,  and  externally  elittering:  specific  gravity,  8.1.  A  sulphuret  of 
uranium  has  been  formed,  wnich  has  a  black  colour,  and,  when  rubbed,  a 
metallic  histre.  Its  capacity  for  forming  alloys  with  other  metals  remains  un- 
investigated, in  consequence  of  the  scarcity  of  the  metaL  The  oxides  of 
uranium  are  used  in  painting  upon  porcelain  yielding  a  fine  orange  colour  in 
the  enamelling  fire,  and  a  black  one  in  that  in  which  the  porcelain  itself  is  baked. 

URN.  A  vessel  of  a  vase  or  pitcher-like  form.  The  vessels  employed  to 
keep  water  boiling  at  the  tea-table,  have  thus  been  called  tea-urns,  notwith- 
standing every  possible  deviation  has  been  subsequently  made  in  their  figure. 
The  construction  of  ordinary  tea-urns  are  too  well  known  to  our  readen  to  re- 
quire elucidation,  but  we  shall  here  present  to  their  notice  one  that  possesses 
some  claims  to  novelty,  which  must,  however,  be  regarded  rather  as  an  elegant 
article  of  luxury,  than  one  of  great  utility.  This  is  Sharp's  patent  tea-urn,  com- 
bined with  a  tea-pot  in  one  vessel. 

The  euCTaving  on  page  832  represents  a  vertical  section:  a  is  the  ordinary  urn 
or  vessel  tnat  holds  the  water ;  b  the  red-hot  heater  in  its  case ;  below  the  bottom 
of  the  case,  the  tube  is  prolonged  so  as  to  form  a  small  chamber  underneath, 
which  is  pejorated  at  its  sides  with  minute  holes,  through  which  the  water 
passes  bv  a  tube  d  into  the  vessel/  when  the  valve  (shown  in  the  figure  as 
closed)  is  opened  by  turning  the  lever  e#  The  infusion  is  represented  by  the 
unbroken  straight  lines  at  f^  and  the  tea  leaves  by  dark  loijking  maMes,  lie 
upon  a  grating  or  perforated  bottom,  through  which  passes  clear  to  the  lowest 
chamber  ff,  from  whence  it  is  drawn  ofi^  as  wanted,  by  a  tube  and  cock,  seen 
only  in  section  at  k.  The  plain  water  is  drawn  fiK)m  the  vessel  a  by  means  of 
the  long  tube  k  (which  passes  directly  through  the  tea  chamber)  and  a  cock  at 
/,  also  viewed  only  in  section.  It  should  now  be  observed  that  both  the  cocks 
4  and  /  are  inclosed  in  one  tube  or  case,  but  they  are  united  externally  into 


•M>,  bat  prririded  witfa  t>D  Icnr  handlec,  the  handle  on  die  1 
Ae  fa*  eoA,  arf  At  en  Ihe  right  t»  the  wtet^^oek. 

It  u  B  T*"— "^  nmait,  ntf  tea  ma^e  6^  tbe  walfr  m  an  nn  m 
mmr  m>  gooi  m  iktf  ■•piJi'J  firetllT  from  a  tea-kettle,  on  aeeonnt  of  tW 
diScnlty  af  kee^of  the  vater  boflh^  in  ibe  arn.    To  loedj  Ikn  driotf,  «• 


■bore  tbe  water  Tend,  (net  ID  it)  and  the  metallic  nippoiti  which  o._„^.  ..^ 
two  *eMe)«  voold  oaidDct  nfficieat  heat  to  keep  (he  infiuian  at  a  proper 
temperatoTe.  Uadenieaifa  the  vitet-Tenel  bum  a  imall  ipirit-^lain]s  inate^  of 
tiuertini;  the  red-bol  beater,  which  u  a  rery  tnconvenimt,  aad  by  do  meaji*  an 
cecoomkal  mode  of  beating. 


VACUUM.  A  ipaee  devoid  of  all  matter.  S««  Ait-  dhp,  STBAM-E>aias, 
and  GAt-EMoiHi. 

VALVE.  A  coTer  or  atop  lo  an  aperture,  to  control  or  direct  tbe  eoone  of 
fluids,  lliey  are  luuallir  coDtrived  to  u  to  be  readilr  opened  by  «  aoull  force 
actiogon  one  lide,  and  lo  be  perfeetlj  doted  by  a  force  when  acting  on  the 
oppoiite  tide  J  and  thiu  either  admit  the  entrance  of  a  fluid  intoa  lubeorveand, 
and  prerent  iti  return ;  oi  else  permit  tbe  fluid  to  eacape,  and  prerent  iti  r«- 
entrance. 

Valrei  are  meraben  of  the  utnioet  importance  to  tteain-enginea,  pmnpa,  and 
a  Tarie^  of  pneamatic,  hydraulic,  and  hjdroitatic  machinerj;  and  th^  nw 
conitructed  in  a  great  variety  of  forma,  to  adapt  tliem  to  their  lereral  mm. 
Cock*  employed  for  drawing  off  liqnidi  are  Mridly  Talvet;  but  tfaia  daaa  of 
TftlTcf  we  have  deteiibed  under  their  uiual  diitmctive  name.  (See  Cocxa.) 
Nnmeroua  valTei  have  been  deecribed  in  different  parti  of  thii  wotfc,  imdcr 


lubjecti,  ve  shall  therefore  n< 
Dot  been  elsewhere  apecilied. 


Throttlt-vai'Bts   uaually  cooiisl  of  s  thui    disc, 


rcular  piste   of  meial 


n-pipe,   when  cloiei},  being  sup- 


ported  by  an  axis  or  tpindle,  which  p 


cally  t 


irough, 


I  it,  and  into  the  sides  of 


ply  of  the  H 


the  pipe.    Tliis  ipmdle  u  either  operated  upon  by 
the  governor  of  the  engine,  or  by  hand,  letliDg  it 

of  the  Ktesm  in  its  pawiage  \a  tlic  engine. 

FUHt  Beffuiatmg  falvf,  a  a  contrivanee  intro- 
duced by  Mr,  Jo«hua  Field,  of  the  firm  of  Msudslay 
and  Co. ;  the  object  of  which  ii  to  regulate  the  lup- 
ior  manner  to  the  throttlc-Talve  laat  described.      "  It 

red  in  tliesilual 

■e  where  the  si 


9  admitted  In 

the  cylinder.  This  vali'e  is  to  be  opened  nt  once,  at  the  commencement  of  the 
stroke,  BO  as  to  afford  Full  paisag«  to  the  cteiun,  and  shnt  eX  once,  after  a  certain 
part  of  the  stroke  ii  made,  that  the  reil  of  it  may  be  completed  by  the  power  of 
the  steam."  Thus,  bv  causing  the  valve  to  be  shut  sooner  or  later  during  the 
stroke,  the  power  of  the  engine  may  be  regulated. 

One  of  the  earliest  and  simplest  cantrivnnccs  for  completely  reveriing  the 
direction  or  course  of  flteam,  water,  or  other  fluids,  ii  ihe  four-way  cock.  Ii  was 
adopted  by  Leopold,  upnatds  of  a  hundred  years  ago,  and  has  been  subse- 
quently applied  in  very  numerous  instances;  particularly  by  Mr.  Trevithick, 
--  '-'-'  '  e  high-pressure  engines,  and  bymostof  the  locomotionisti  of  the 

present  day.  The  annexed  cut  exhibits  ■  vertical  section 
of  a  four-way  cock,  considered  sa  applied  to  a  steam- 
engine  :  at  11  is  represented  (he  communication  with  the 

.n-pipe  from  Ihe  boiler;  (,  the  passage  to  the  upper 

side  of  the  [uaton;  c,  Ihe  passage  to  the  lower  aide  of 

Ihe  piston ;  and  d,  the  passage  to  Ihe  condenser.     In  the 

position  represented,  the  steam  is  entering  the  upper 

rpart  of  the  cylinder,  and  Ihe  lower  part  is  open  to  the 
condenser ;  but  if  the  plug,  or  central  movable  portion 
of  the  cock  be  moved  one  quarter  of  ■  revolution  in  either 
direction,  then  the  sleam  is  opened  to  the  lower  part  of 
Ihe  cylinder,  and  the  upper  part  is  open  to  the  con- 

<n  of  great  simplicity,  and  has  been  much 
ne  communications  with  the  steam  cylinder. 
In  the  annexed  Tertical  section,  a  is  the 
steam-hoK,  inW>  which  tttun  u  admitted 
by  the  passaee  b.  This  box  b  balled  to  a 
pipe,  dividea  into  three  compartmenia  j  via. 
d,  a  passage  leading  to  the  upper  side  of  the 
piston;  t,  a  similu  passage  to  the  under 
side  of  the  piston  ;  and/,  a  paas^e  to  the 
condenser.  The  apertures  of  this  puwge 
ere  faced  with  brass,  and  the  space  between 
each  opening  it  is  eaaontially  necessary 
should  not  he  less  than  each  opening ;  g  w 
a  block  of  metal  with  a  cross  cast  into  it, 
e^ual  in  length  to  two  of  the  apeituret 
and  the  space  between  ibcm ;  the  block  it 
generally  faced  with  brass,  and  grooved 
upon  the  fipe,  so  as  to  slide  over  it  steam- 
light;  it  IS  moved  by  a  rod,  which  panes 
through  ■  sluffing-hoi  k.  In  this  position  of  the  slide,  the  steam  wouhi  pam 
through  d  Co  the  lop  of  the  piston,  whilnl  '.he  steam  beneath  the  piston  would 


Hie  D  dide,  atd  we  fbar-wn  cock,  howerer,  equaOj  ponet*  a  gremt  dcfn 
that  of  watdng  tlw  (tnm  that  oIU  the  puHges  of  the  movable  portioa  of  tl 


*»lTBfc  W«t,  Romblon-cr,  Murdoch,  and  other  steam  mechanician*,  dcrlKd 
DioHificationt  of  thi  D  aod  other  valves  by  which  the  waiteoTiteamwu  neariT 
obnitei    The  invention  of  Mr.  Murray  in  1780,  for  the  tame  purpo*^  nuiki 
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▼ery  high  iu  our  estimation,  being  attended  with  less  friction  than  the  others  ; 
we  accordingly  give  it  insertion  in  this  place. 

o  in  the  foregoing  figure,  is  the  pipe  cbnveving  steam  from  the  boiler,  and 
delivering  it  into  the  descending  pipe  p,  which  terminates  in  the  valve  q, 
opening  to  the  lower  part  of  the  cylinder,  by  the  side  opening,  marked  as  a 
shaded  parallelogram,  while  the  valve  r  opens  a  similar  communication  with  the 
upper  part  of  the  cylinder ;  so  that,  by  the  successive  opening  and  shutting  of  q 
and  r,  steam  is  admitted  above  and  below  the  piston.    «  is  the  lower  end  of  the 
eduction-pipe,  joining  on  to  the  condenser,  and  this  pipe  opens  first  to  the  lower 
part  of  the  cylinder  by  the  valve  t,  and  leads  also  by  a  perpendicular  continu- 
ation of  the  same  pipe  v,  to  a  valve  a,  by  which  a  connexion  is  formed  with 
the  upper  part  of  the  cylinder.    The  two  apertures  into  the  cylinder,  called 
nozzles,  are  therefore  common  both  to  the  admission  of  steam  and  the  forma- 
tion of  a  vacuum,  which  is  regidated  simply  by  the  working  of  the  valves.     For 
as  the  figure  now  stands,  r  is  the  only  open  valve  in  the  steam-pipe ;  consequently 
steam  would  enter  above  the  piston  to  depress  it,  while  a  vacuum  would  exist  b<^- 
low  it,  on  account  of  the  valve  t  being  open  to  the  condenser.    As  soon  as  the 
piston  reaches  the  bottom  of  the  cylinder,  the  valves  r  and  t  must  be  shut,  and 
u  and  q  opened ;  when  the  steam,  being  no  longer  able  to  get  through  r,  would 
pass  down  the  pipe  0,  and  enter  the  lower  part  of  the  cylinder  throuen  q.  Mean- 
time u  being  opened  to  the  condenser  by  tne  pipe  v,  would  cause  the  necessary 
vacuum  above  the  piston  to  permit  its  ascent,  wnich  being  completed,  the  valves 
must  be  again  put  into  the  position  shown  in  the  figure,  to  produce  its  descent, 
and  so  on.  It  will  be  sufficient  to  state  that  those  valves  are  operated  upon  either 
by  levers,  passing  in  a  steam-tight  manner  through  the  side  pipes,  or  that  some- 
times the  spindles  of  the  valves  are  made  to  act  one  through  the  other,  in 
stuffing,  as  in  the  present  mstance,  when  they  are  worked  by  external  applica- 
tions. 

By  this  most  ingenious  contrivance  no  waste  of  steam  arises,  excepting  in  the 
small  aperture  between  the  valves ;  and  the  firiction  is  obviously  much  less  than 
in  either  slides,  cocks,  or  perhaps  any  other  kind  of  valve ;  the  only  resistance 
to  their  motion  being  the  pressure  upon  the  upper  side  by  the  steam,  when  in 
their  seats.  Their  cost,  compared  to  slide-valves,  is  much  greater ;  but  as  they 
are  not  liable  to  material  wear,  and  work  with  great  accuracy,  the  extra  ex 
pense  does  not  prevent  their  very  general  adoption  in  large  engines. 

Having  thus  briefly  noticed  a  very  important  class  of  valves,  we  proceed  to 
describe  another  kind,  which  have  even  stronger  claims  upon  our  attention,  as 
will  be  immediately  acknowledged  by  naming  them. 

Safety-valves ;  these  are  well-fitted  covers  or  stops  to  apertures  made  in  the 
upper  part  of  a  boiler,  and  loaded  to  such  a  degree  only  as  the  steam  will  over- 
come when  it  exceeds  the  required  pressure.  The  contrivanoe,  in  nearly  its  usual 
form,  (the  steelyard,)  was  invented  by  Dr.  Papin,  in  1684,  as  an  appendage  to  his 
apparatus  for  dissolving  bones  by  steam  at  high  pressure ;  but  the  first  applica- 
tion of  it  to  the  steam-engine  was  by  Savery.  It  received  some  improvement 
by  Beighton  in  1718,  since  whose  time  the  same  form  continues  to  be  used,  as 
will  be  recognised  in  numerous  steam  apparatuses  in  various  parts  of  this  work. 
Mr.  Tredgold,  in  his  able  work  on  the  steam-engine,  observes,  that  it  would  be 
a  great  improvement  upon  safety-valves,  if  they  could  be  so  constructed  as  to  be 
relieved  of  a  part  of  their  load,  when  raised  from  their  seat  With  the  view  cC 
effecting  this  object  in  the  simplest  possible  way,  we  suggested  many  years  aeo, 
(see  Register  ofArts,  ^c.  far  January,  1829)  the  employment  of  a  bent  lever,  in- 
stead of  the  straight  one  in  common  use,  the  action  of  which  will  be  understood 
by  reference  to  £e  subjoined  diagram,  wherein  is  alM>  represented  some  other 
modifications  of  the  safety-valve,  which  it  is  presumed  are  worthy  the  consider- 
ation of  the  practical  man. 

a  represents  an  aperture  in  the  upper  part  of  a  bofler ;  over  this  aperture  is 
fitted  a  short  tube  6,  turned  true  at  the  top  with  a  round  edge,  so  that  a  steel 
plate  c,  flat  and  smooth  on  its  nnder  side,  may  touch  at  every  part ;  thia  steel 
plate  is  suspended  by  a  joint,  to  a  curved  lever  d,  whose  ftilcrum  is  at  «,  and 
which  b  baded  at  the  other  end  with  a  weight  of  10  pounds.    Now,  as  tba 


Imr  hM  a  pown  of  fira,  fw  ibown  bj  the  fire  equal  dotted  fBO,)  tbe  plal 
« ia  ptCMod  down  upas  tbe  t)d«  of  6,  with  *  foiee  of  50paundti  tmt  when  ll 
levv  and  weiKOt  an  tailed,  bj  the  preMuic  of  the  iteam,  into  tha  poBtk 
rfMWU  by  tile  dob^  tba  Cbcee  Kting  againit  the  iteam  ii  reduced  to  10  poondi 


and,  in  proportion  to  the  force  of  the  nub  of  the  iteam,  by  which  the  lever 
would  be  ratted  higher  and  hieber,  would  the  reiiatance  be  reduoed  to  30,  20, 
Ac.  ai  marked.  Thii  vaWe  migfal  be  enclosed  aa  uiual,  in  a  box,  with  «  pipe 
to  conduct  vff  the  waste  (teain. 

The  lubjoined  diagram  ii  explanatory  of  another  mode  of  producinK  k  umilai 
reiuit,  but  by  different  meani ;  a  ia  tbe  aperture  in  the  boiler,  on  which  t«  fixed 


k  gun-metal  plate  or  valre  leat;  t  is  a  steel  cup-ralve,  tamed  roimdiog  *t  the 
edges,  resting  on  the  seat,  and  suspended  to  a  straight  lever  c,  whoae  tillcruai 
ii  at  ^  At  e,  is  the  we^bt  suipended  to  the  axle  of  a  little  wheel,  which  ia 
made  to  traverse  freely  tHe  upper  side  of  the  lever  e,  but  wbereoQ  its  range 
nay  be  limited  by  means  of  a  sliding  stop  /,  provided  with  a  set  screw,  g  ia 
the  valve  box,  and  h  a  pipe  to  carry  ^  tbe  waste  steam.  It  will  now  be  obvioua 
that  when  the  steam  lifts  the  valve,  tbe  load  on  the  lever  will  move  towards  the 
fulcrum  to  any  extent  desired,  and  thus  the  boiler  may  be  relieved  iu  proportion 
to  the  exigency  of  the  case.  It  icorcely  need  be  remarked,  that  our  reason  for 
making  the  valves  with  edges  pressing  upon  flat  surfaces,  «aa  to  prevent  tLa 
possibility  of  their  sticking  in  ibeir  seati ;  which,  with  tbe  conical  plug~valve*, 
u  a  commou  occurrence,  and  one  that  has  been  productive  of  lerioui  aucideota. 
'ilie  saftity .valves  employed  by  WooU]  arc  calculated  to  prevent  a" 
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their  teatt,  and  are  of  great  itmplidljr ;  their  form  i*  represented  in  the  margin, 
fig.  1  being  a  plan,  and  f^.  2  a  vertical  section.  The  thape  mav  be  conii- 
deted  at  firit  ai  a  solid  cylinder  with  a  circular  plate  at  top ;  three  large  longi- 
tudinal grooTCfl,  as  ahown  at  o  a  n,  reduce  the  cylinder  to 
the  figure  repreMnted.  The  plug  thus  made,  fit*  eaiilv  into 
the  aperture  of  the  boiler,  and  the  steam  which  fills  the 
groove^  pressing  against  the  undersurface  of  the  head,  raises 
the  plug  and  enapes.  Theplug  is  loaded  either  by  a  weight, 
suipendedtoitinnde  the  boiler,  by  weights  laid  directly  upon 
the  top,  or  bj  the  agency  of  a  loaded  lever. 

In  a  letter  to  the  editor  of  the  Leedt  Merenry,  Mr.  Benja- 
min Hicka,  of  the  iteam-eneine  manu&ctory  at  Bolton,  in 
Lancashire,  says,  ^*  I  am  induced,  in  order  to  r^event  the 
accidents  occasioned  by  die  bunting  of  tteam-boilen,  which 
are  of  such  frequent  occurrence,  and  generally  so  dreadful  is 


Suences,  to  send  to  yoa  the  drawing  and  deicrip- 
f-acting  safety-valve,  of  mv  invention,  (or  rather 
nilar  valve  having  been 


(or  rather 

ving  been 

hundred  years  ago.) 


!f-acting  safety-valve,  of  n: 
application  to  a  new  purpose ;  a  nmi 
used  an  a  clack  for  a  pump,  upwards  of  a  hundred  yea 

You  will   readily  perceive,   ftom   the   several   advantages  

wherever  its  adoption  shell  take  place,  it  would  scarcely  be  possible  for  ai 
dent  of  this  nature  to  arise. 

"The  opening  in  the  lower  partof  the  boi,  which  is  fixed  on  the  bcoler-top, 
or,  if  more  convenient,  on  any  part  of  a  pipe  having  a  bee  communication  with 
it,  requires  to  be  of  lUch  a  size,  aa  lo  allow  a  Iree  discharge  of  all  the  steam  the 
boiler  is  capable  of  generating.     This  opening  is  covered  with  a  spherical  valve, 


(the  onter  part  of  which  is  brass,  filled  with  lead,)  of  such  a  siie,  ana  mi,^. 
quently  weight,  as  to  press  with  as  many  pounds  per  square  inch,  as  it  is 
intended  the  strength  of  the  steam,  at  a  tfuucmniBi,  in  the  boiler,  should  ever  be 
raised  to ;  the  obvious  effect  of  which  will  be  (osnna  to  ill  btiag  ptrfeetlg  frtt 
from  friction,)  that,  at  the  very  instant  the  steam  arrives  at  that  degree  of  pres- 
sure, the  ball  will  be  raised,  and  a  discharge  instantly  take  place.  The  pro- 
jections are  mcrelj  to  prevent  the  ball  at  any  time  from  falling  off  its  seat. 

"From  the  nature  of  its  construction,  requiring  no  packing  or  attention,  itcan 
be  entirely  secured  from  the  interference  <4  careless  attenduits,  and  a  pipe  may 
be  attached  to  the  branch  of  the  Irax,  and  continued  into  the  chimney,  or  any 
other  convenient  place  of  discharge.  1  should  not  recommend  this  valve  to  be 
used  H  a  substitute  for  the  ordinary  safety-valve,  (improperly  so  called,}  but  in 
all  cases  in  addition,  and  so  loaded,  aa  only  to  be  brought  into  action  at  a-verr 
triflbg  additional  pressure  above  that,  to  which  the  other  valve  is  weighted. 
'iliis  valve  would  be  found  of  the  greatest  advantage,  in  preventing  the  boiling 
over  of  the  feed'pipes  of  boilers,  wuen  die  rooms  over  them  are  used  as  drying- 
stoves  ill  print-wotVs,  bleach 
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"  I  ought  to  state  that  I  have  had  this  description  of  vaire  in  use  for  upward* 
of  four  years,  with  the  greatest  regularity  of  action." 

Another  valve,  of  a  very  peculiar  description,  and  especially  adapted  to  afibrd 
security  against  explosion  in  large  hoilers,  was  invented  by  Mr.  Sockl,  of  Lam- 
beth, who  received  an  honoraiy  reward  from  the  Society  of  Arts,  for  the  com* 
munication  of  the  invention.     It  is  represented  in  the  subjoined  cut 


Instead  of  the  lid  which  covers  the  main  hole,  a  copper  plate  or  dish  ia  to  be 
substituted,  as  shown  ia  the  darkened  part  of  above  ngure :  this  copper  dish  is 
surrounded  by  a  ring  of  the  same  metal,  by  which  the  plate  is  firmly  screwed  down 
upon  the  rim  of  the  main  hole.  In  the  middle  of  the  plate  is  fixed  the  valve,  of  which 
/  is  the  collar,  made  of  iron  or  brass ;  d  the  plug,  which  is  ground  air-tight  into 
the  collar,  and  is  kept  in  its  place  by  the  spiral  spring  which  surrounds  its  stem, 
and  the  stay  e :  over  the  whole  u  fixed  a  cross-piece  a,  which  is  firmly  screwed 
down  upon  the  ring  that  secures  the  dish.-  in  the  cross-piece,  works  the 
regulating  screw  e,  which  may  be  screwed  down  upon  the  head  of  the  plug. 

The  operation  of  the  valve  is  easy  to  understand.  The  copper  dish  is  only  about 
one-fourth  the  thickness  of  the  other  parts  of  the  boiler,  and  will  not  therefore 
afford  the  same  resistance  to  the  steam :  when  this,  therefore,  gets  beyond  the 
ordinary  pressure,  it  will  cause  the  dish  to  become  somewhat  convex,  and  will 
thus  leave  a  clear  space  between  the  collar  /,  and  the  conical  plug  d,  for  the 
steam  to  escape ;  as  soon  as  the  power  diminiuies,  the  plate  will,  by  its  elasticity, 
return  to  its  former  place,  and  by  closing  down  upon  the  plug,  prevent  any 
further  escape  of  steam. 

The  object  of  this  valve  is  not  so  much  to  regulate  the  working  pressure  of 
the  steam,  as  to  act  in  aid  of  the  common  valve,  by  affording  an  additional 
aperture,  in  case  the  steam  should  acquire  a  dangerous  degree  of  force.  It 
differs  from  the  plug-valves  in  common  use,  in  this  circumstance,  namely,  that 
in  the  latter,  the  plug  rises  out  of  its  socket,  in  order  to  allow  of  a  vent  for  the. 
steam,  whereas  in  Mr.  Sockl*8y  the  socket  rises  away  firom  the  plug.  The  chief 
advantage  resulting  from  this  is,  that  if  any  adhesion  should 
have  taken  place  between  the  plug  and  the  socket,  it  is  more 
likely  to  be  overcome,  on  account  of  the  great  surface  of  the 
socket,  with  hi  attached  copper  plate,  which  is  exposed  to 
the  action  of  the  steam. 

A  substitute  for  the  common  ball-cock,  used  for  regulating 
the  height  of  liquids  in  reservoirs,  has  been  introduced  by 
Mr.  Damall,  of  Pentonville,  the  construction  of  which  is 
exhibited  in  the  annexed  section :  a  is  the  supply  pipe,  b  the 
valve,  (shut,)  c  a  float  connected  to  the  valve  by  an  upright 
spindle.  As  the  water  is  drawn  off,  the  float  descends  from 
its  seat  into  the  chamber  beneath,  allowing  the  water  to  pour 
through  the  apertures  shown,  into^the  reservoir ;  the  float,  as 
it  rises  again  with  the  water  in  the  reservoir,  closes  the  valve, 
and  shuts  off  the  supply  of  water,  when  it  has  attained  its 
proper  elevation. 

We  shall  here  close  the  article  upon  valves,  referring  the 
reader  to  the  machinery  before  mentioned  for  further  eluci- 
dations, and  likewise  to  the  article  Water-Closet,  which 
mainly  consists  of  valves  of  a  very  ingenious  construction. 
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VANADIUM.  A  newly  diicoTered  metal  by  M.  Sefstrom.  It  bas  been 
briefly  described  in  a  letter  from  M.  Berzeliitt  to  M.  Dulong,  from  wbich  the 
foUowine  is  an  extract : — "  M.  Sefttrom,  director  of  the  School  of  Mines  at  Fab- 
lun»  vrhSst  engaged  in  examining  a  variety  of  iron,  remarkable  for  its  extreme 
softness,  observed  the  presence  of  a  substance,  the  properties  of  which  differed 
from  all  other  known  bodies,  but  its  quantitv  was  so  small  as  would  have  ren- 
dered it  tedious  and  expensive  to  collect  sufficient  for  a  correct  exainination  of 
its  properties.  This  iron  was  from  the  mine  of  Taberg,  in  Srooland ;  the  ore 
merely  contained  sources  of  the  substance.  Finding  that  the  pig  iron  contained 
far  more  of  this  principle  than  the  wrought  iron,  M.  Sefstroro  thought  that 
the  scoria  formed  during  the  conversion  of  the  pig  iron  into  wrought  metal 
might  be  a  more  abundant  source  ;  a  conjecture  confirmed  by  experience ;  so 
that  sufficient  having  been  procured,  he  went  to  M.  Benelios  to  complete  its 
examination." 

Vanadium  combines  with  oxygen  to  form  an  oxide  and  an  acid.  The 
acid  is  red,  pulverent,  fusiUe,  and  on  solidifying  becomes  crystalline.  It  is 
slightly  soluble  in  water,  reddens  litmus,  and  forms  yellow  neutral  salts,  and 
orange  bisalts.  Its  combinations  with  acids  or  bases  have  the  singular  property 
of  suddenly  losing  their  colour ;  they  resume  it  only  on  becoming  solid  again, 
and  being  then  re-dis^ved,  preserve  their  colour.  Hydrogen  at  a  white  heat, 
reduces  vanadic  acid,  leaving  a  coherent  mass,  having  a  feeble  metallic  lustre, 
and  being  a  good  conductor  of  electricity,  but  it  is  not  certain  that  the  reduction 
is  complete.  The  oxide  of  vanadium  is  brown,  or  nearly  black,  and  dissolves 
readily  in  adds.  The  salts  are  of  a  deep  brown  colour,  but  by  the  addition  of 
a  little  nitric  acid,  effervesce  and  become  of  a  fine  blue  colour.  The  oxide 
and  acid  of  thia  metal  together  produce  other  combinations,  green,  yellow,  and 
red,  all  soluble  in  water. 

When  the  oxide  of  vanadium  is  produced  in  the  humid  way,  it  is  soluble  both 
in  water  and  alkalies.  The  presence  of  a  salt  renders  it  insoluble,  and  upon 
this  effect  may  be  founded  a  process  for  its  preparation.  Before  the  blow- 
pipe, vanadium  colours  fluxes  of  a  fine  green,  in  this  respect  resembling  chrome. 

VAPOUR,  from  the  circumstances  of  its  formation,  may  be  considered  to 
consist  of  extremely  minute  vesicles  of  water  or  other  fluid,  inflated  with  air. 
See  Steam,  Alcohol,  &c. 

VAPOUR-BATH.  A  closet  or  room,  in  which  a  person  exposes  his  body 
to  the  action  of  vapour  introduced  by  a  pipe  from  a  bouer.    See  Bath. 

VARNISH.  A  solution  of  resinous  matter,  which,  laid  upon  the  surface  of 
solid  bodies,  becomes  hard,  glossy,  impervious  to  moisture,  and  gives  beauty 
and  durability  to  them.  Under  the  several  heads  of  Lac,  Copal,  Mastic, 
Caoutchouc,  and  other  resins,  we  have  described  the  process  of  preparing  var- 
nishes from  them ;  we  shall  therefore  in  this  place  take  a  general,  but  concise 
view  of  the  subject  The  solvents  are  either  expressed  or  essential  oils,  as  also 
alcohol.  For  a  lac-varnish  of  the  first  kind,  the  common  painter's  varnish  is 
to  be  united  by  eently  boiling  it  with  some  more  mastioh  or  colophony,  and 
then  diluted  agam  with  a  litUe  more  oil  of  turpentine.  The  latter  aadition  pro- 
motes both  the  glossy  ^pearance  and  drying  of  the  varnish ;  of  this  sort  is  also 
amber  varnish.  To  make  this  varnish,  half  a  pound  of  amber  is  kept  over  a 
gentle  fire  in  a  covered  iron  pot,  in  the  lid  of  which  there  is  a  small  hole,  till  it 
is  observed  to  become  sofV,  and  to  be  melted  together  into  one  mass.  As  soon 
as  this  is  perceived,  the  vessel  b  taken  from  off  the  fire,  and  suffered  to  cool  a 
little ;  when  a  pound  of  good  painter's  vairnish  is  added  to  it,  and  the  whole 
suffered  to  boil  up  again  ow  the  fire,  keeping  it  continually  stirring.  Afier 
this  it  is  again  removed  from  the  fire ;  and  when  it  is  become  somewhat  cool, 
a  pound  of  oil  of  turpendne  is  to  be  gradually  mixed  with  it  Should  the  varnish 
when  it  is  cool  happen  to  be  yet  too  thick,  it  may  be  attenuated  with  more  oil  of 
turpentine.  This  varnish  nas  always  a  dark  brown  colour,  because  the  amber 
IS  previously  half  burned  in  this  operation ;  but  if  it  be  required  of  a  bright  colour, 
amber  powder  must  be  dissolvea  in  transparent  painter's  varnish,  in  Papin's 
machine,  by  a  gentle  fire. 
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As  an  insUnce  of  the  second  tort  of  lac-varnUhes  with  ethereal  oils  alone, 
may  be  adduced  the  varnish  made  with  oil  of  turpentine.  For  maiung  thiai 
mastich  alone  is  dissolved  in  oil  of  turpentine  by  a  very  gentle  digesting  heat, 
in  close  glass  vessels.  This  is  is  the  varnish  used  for  the  modeni  tranaparvncies 
employed  as  window-blinds,  fire-screens,  and  for  other  piu^oseas.  xkese  are 
commonly  prints,  coloured  on  both  sides,  and  afterwards  coated  with  thl^  gar- 
nish on  those  parts  that  are  intended  to  be  transparent  Sometimes  fine  thin 
calico,  or  Irish  linen,  is  used  for  this  puipoae ;  but  it  requires  to  be  primed  with 
a  solution  of  isinglass  before  the  colour  is  laid  on.  Copal  may  also  be  diaaolved 
in  genuine  Chio  turpentine,  according  to  Mr.  Sheldrake,  by  adding  it  in  powder 
to  the  turpentine  previously  melted,  and  stirring  till  the  whole  ii  fuaeo.  See 
Copal. 

A  varnish  of  the  consistence  of  thin  turpentine  is  obtained  for  aerostatic 
machines,  by  the  digestion  of  one  part  of  elastic-gum,  or  caoutchouc,  cut  into 
small  pieces,  in  thirty-two  parts  of  rectified  oil  of  turpentine.  Previously  to  its 
being  used,  however,  it  must  be  passed  through  a  linen  cloth,  in  order  ^at  the 
undissolved  parts  may  be  left  behind.     See  Caoctchocc. 

The  third  sort  of  lac-varnishes  consists  in  the  spirit-vamish.  The  meet  solid 
resins  yield  the  most  durable  varnishes ;  but  a  varnish  must  never  be  expected 
to  be  mutler  than  the  resin  naturally  is  of  which  it  is  made.  But  the  most  solid 
resins  by  themselves  produce  brittle  varnishes ;  therefore  something  of  a  softer 
substance  must  always  be  mixed  with  them,  whereby  this  brittleness  is  dimi 
nished.  For  this  purpose  gum-elemi,  turpentine,  or  balsam  of  copaiva  are 
employed  in  proper  proportions. 

The  celebratea  <'  French  polish"  is  effected  by  a  spirit-varnish,  treated  in  r 
peculiar  way.  The  following  mode  of  preparing  and  using  it  may  be  relied  upon 
as  genuine,  being  extracted  from  that  very  accurate  French  work,  the  Uieatm' 
noire  Technologtque.    The  varnish  is  composed  of 

Gum  Sandarach 14  oi.  &  2  drachms. 

Gum  Mastic  in  drops 7      „     1       „ 

Shell-lac  (the  yellower  the  better)  .14  „  2  „ 
Alcohol,  of  0.8295*  spe.  gra.  ...  3  quarts  &  1  pint 
The  resinous  gums  are  to  be  pounded,  and  their  solution  effected  by  continued 
agitation,  without  the  aid  of  heat  When  the  woods  to  be  varnished  are  very 
porous,  7  ounces  and  1  drachm  of  Venice  turpentine.  In  order  the  better  to 
oivide  the  resins,  and  to  cause  them  to  present  a  greater  surface  to  the  action  of 
the  alcohol,  they  should  be  mixed  with  an  equal  weight  of  ground  glass ;  .the 
latter  preventing  the  dust  of  the  resin  from  forming  dots,  the  solution  is 'thus 
easier  made,  and  in  less  time.  Before  applying  the  varnish,  the  wood  should  be 
made  to  imbibe  a  little  linseed  oil ;  it  must  then  be  rubbed  with  old  flannel,  in 
order  to  remove  the  excess  of  oil ;  blotting  paper  may  be  used  for  the  same 
purpose,  or  finelv-sifled  saw-dust  Afterwards  the  varnish  should  be  applied, 
by  saturating  with  it  a  piece  of  old  soft  coarse  linen  cloth,  many  times  folded 
into  a  sort  of  cushion,  and  rubbing  it  softly  on  the  wood,  turning  the  linen  from 
time  to  time  until  it  appears  nearly  dry.  The  finen  should  be  saturated  afresh 
with  varnish,  and  the  rubbing  be  continued  in  the  same  manner,  unUl  the  pores 
of  the  wood  are  completely  filled.  Care  should  be  taken  not  to  make  the  unen 
too  wet,  nor  to  rub  too  hfljrd,  especially  at  the  beginning  of  the  operation.  When 
the  varnish  sticks,  or  becomes  tacky,  a  very  small  drop  of  olive  oil  is  to  be  ap- 
plied with  the  end  of  a  finger,  uniformly  all  over  the  cushion.  The  finishing 
is  effected  by  pouring  a  litUe  pure  alcohol  upon  a  piece  of  clean  linen,  which  is 
lightly  rubbed  over  me  varnished  wood ;  and  as  the  linen  and  the  varnish  dry, 
the  wood  is  rubbed  more  briskly,  until  it  takes  a  beautiful  polish  like  a  looking^ 
g^ass.  Two  or  three  coatings  of  varaish  are  sufiicient  for  woods  not  veiy 
porous. 

A  fine  colourless  varnish  may  be  obtained,  by  dissolving  eight  ounces  of 
gum-sandarach  and  two  ounces  of  Venice  turpentine  in  thuty-two  ounces  of 
alcohol  by  a  gentle  heat.  Five  ounces  of  shell-lac  and  one  of  turpentine,  dis- 
solved  in  thurfy-two  ounces  of  alcohol  by  a  very  gentle  beat,  give  a  harder 
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Tarnish,  but  of  a  reddish  east  To  these  the  solution  of  copal  is  undoubtedly  prefer- 
able in  many  respects.  This  is  effected  by  triturating  an  ounce  of  powder  of  gum- 
copal,  which  has  been  well  dried  by  a  gentle  heat,  with  a  drachm  of  camphor,  and, 
while  these  are  mixing  together,  adding  by  degrees.four  ounces  of  the  strongest  al- 
cohol, without  any  digestion.  Between  this  and  the  gold  varnish  there  is  only  this 
difference,  that  some  substances  that  communicate  a  yellow  tinge  are  to  be 
added  to  the  latter. 

Oil-varnishes  are  commonly  mixed  immediately  with  the  colours,  but  lac  or 
lacquer-varnishes  are  laid  on  by  themselves  upon  a  burnished  coloured  ground : 
when  they  are  intended  to  be  laid  upon  naked  wood,  a  ground  should  be  first 
given  them  of  strong  size,  either  alone,  or  with  some  earthy  colour  mixed  up 
with  it  by  levigation.  llie  gold  lacquer  is  simply  rubbed  over  brass,  tin,  or 
silver,  to  give  Siem  a  gold  colour.  (See  Lacqoer.)  The  coloured  resins  or  gums, 
such  as  gambo£e,  dragon's-blood,  &c,  are  used  to  colour  varnishes. 

The  essentisT  varnishes  consist  in  a  solution  of  resin  in  oil  of  turpentine.  The 
varnish  being  applied,  the  essential  oil  flies  off,  and  leaves  the  resin.  This  is 
used  only  for  paintings. 

Before  a  resin  Is  dissolved  in  a  fixed  oil,  it  is  necessaay  to  render  the  oil  drying. 
For  this  purpose  the  oil  is  boiled  with  metallic  oxides,  in  which  operation  the 
mucilage  of  the  oil  combines  with  the  metal,  while  the  oil  itself  unites  with  the 
oxygen  of  the  oxide.  To  accelerate  the  drying  of  this  varnish,  it  is  necessary  to 
add  oU  of  turpentine.  When  resins  are  dissolved  in  alcohol,  the  varnish  dries 
very  speedily,  and  is  subject  to  crack ;  but  this  fault  is  corrected  by  adding  a 
small  quantity  of  turpentine  to  the  mixture,  which  renders  it  brighter,  and  less 
brittle  when  dry. 

VELVET.    A  rich  kind  of  silk  or  cotton  cloth.     Seo  WEAviita. 

VENEERING.  The  art  of  fixing,  in  a  firm  and  durable  manner,  very  thin 
leaves  of  a  fine  or  superior  wood,  over  a  coarse  or  inferior  wood ;  so  as  to  give 
the  latter  the  appearance  of  a  solid  mass  of  the  former.  The  thin  leaves  are 
called  veneers,  and  are  cut  from  the  logs  by  fine  saws,  now  usually  worked  by 
machinery.    See  Sawimg-Machimbrt. 

Inlaid  work  is  effected  by  veneers  cut  into  suitable  pieces,  for  the  purposes. 
The  thickness  of  veneers  is  from  a  tenth  to  a  twelfth  part  of  an  inch.  When 
the  dimensions  of  these  have  been  ni9ely  adjusted  to  the  work  in  hand,  thev  are 
glued  down  ;  and,  that  the  work  may  be  solid,  they  are  put  into  a  press  made  for 
the  purpose,  or  are  held  down  by  planks  and  poles,  abutting  against  the  beams 
of  tne  workshop.  When  the  glue  is  thorougnly  dry,  the  work  is  taken  from 
the  presses,  and  finished  by  smoothing-planes,  scrapers,  fish -skin,  &c.,  and 
afterwards  polished  by  shave-grass  and  brushing,  waxing,  varnishing,  &c.,  accord- 
ing as  it  may  be  required. 

VENTILATIOhf.  The  act  of  renovating  the  air  of  chambers,  houses,  ships, 
and  all  kinds  of  buildings  or  places.  We  may  exist  for  several  days  without 
food,  but  we  die,  if  deprived  only  for  a  few  minutes  of  air.  As  air  is  necessary 
to  life,  so  is  pure  air  to  health.  But  it  appears  that  this  important  fact  escapes 
the  attention  of  the  mater  part  of  mankmd,  who  are  prone  to  blame  the  cook 
or  the  purveyor  for  the  greater  part  of  their  ailments,  without  reflecting  upon 
the  impure  air  they  may  have  been  inspiring  at  the  rate  of  about  two  gallons 
per  minute.  The  oxygen  gas,  or  vital  portion  of  the  atmosphere  that  enters  the 
lungs,  is  changed  at  each  respiration  Into  carbonic  acid  gas.  This  gas,  as  is  weU 
known,  is  poisonous,  if  inspired  alone,  or  even  if  a  large  proportion  of  it  be 
mixed  with  the  atmospheric  air.  But  b^  an  admirable  provision  of  the  great 
Author  of  Nature,  this  contaminated  air  u  rendered  specifically  liehter  than  the 
pure  atmosphere,  from  the  heat  it  has  derived  from  the  lungs,  and  consequently 
rises  above  our  heads,  during  the  short  pause  between  our  respirations ;  tnus  in- 
suring to  us  always  a  pure  draught  of  air,  unless  we  prevent  it  by  artificial 
means. 

It  is  not,  however,  always  owing  to  a  deficiency  of  oxygen,  that  the  air  of 
rooms  or  crowded  places  becomes  pernicious  to  health.  A  council  of  health, 
established  by  the  French  government,  proved  that  in  an  atmosphere  which  had 
not  lost  one-twentieth  part  of  its  oxygen,  an  animal  miasmata  was  diflbsed  in 
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;.:  &as  Vr  aoiipeadifiir.  m  Kidi  «tBWipiMrei»  a  glaai  TesKl  filled  mith  ic 
dw  TBonr  dxffoaed  a  the  air  Wtfttci  rnmVnwH  on  its  sur^Me,  and  the  liqp 
'  ted  br  ccttdftiMrinii,  bd&£  eoDcded   in  anolher  Toael  aoipesdi 
tbe  fanner,  cxbalcs  afecidodon;  and  ipeedilj  nndcigoea  tbe  potr 
D.  vimi  expoM>d  to  a  icinpamtBrp  of  79*  Fahr. 

Certain  irueoat  and  ocber  m|KNm  maj  be  mixed  with  the  air  ve  breath 
vithoBt  produan^  mux  rtry  niarked  iacooTenicDoe ;  but  the  cfie^la  of  a  n&ixtn 
of  BanT  odKT  kinds  are  highlj  dan|>f  uws,  and  more  qmck  in  their  acdoo  tbi 
eren  those  of  animal  miasmata.  A  ^iiniliiiT  renewal  of  the  air  ii  ^i*»«*^t 
neceourr  fcT  13  pmitT ;  Ibr  in  all  stnatiom,  it  ii  iffining  either  ligr  its  vii 
part  hemg  absorbed,  or  br  impure  rapoors  bein^  disengaged  and  diipcn 
tbioagb  iL  Ventilation  iheK:iarr  resohvs  itself  into  the  securing  a  eoosta 
snp^  of  fresh  air.  Rooms  cannot  be  veil  rentOated,  that  hare  no  outlet  i 
the  air,  and  this,  from  the  mpenor  leritr  of  fool  air,  should  be  nusde  at  i 
highest  point  that  can  be  obtained,  and  so  arranged  m  to  diffiise  the  fr«sh  i 
that  CBten  orer  the  upper  p^rt  of  the  room,  and  not  inconreiiience  the  pcrso 
in  the  room,  br  descending  opon  them  in  a  rarrenu  There  should  be  a  chimn 
to  evcrr  room,  which  oiw  no  account  should  be  sto]^>ed  up  with  a  ^>ii«^nf 
board,  as  is  often  the  case  in  bed-rooms.  We  hare  observed  also,  in  mmny  haom 
that  the  top  sashes  of  windows  of  the  upper  rooms  are  made  fast ;  now  if  the 
were  made  to  shde  downward,  instead  of  the  lower  sashes  upward,  increna 
nhibritT,  as  well  as  secminr,  (espedallr  in  the  case  of  children,)  would 
obtained.  In  whaterer  war  fresh  air  mar  be  made  to  enter  an  apartment, 
ihonld  be,  as  far  as  mar  be  prsfticahle,  at  the  part  remotest  from  the  fire-piai 
in  order  that  it  mar  trarerse  the  whole  apartment  in  its  passage  to  the  <^i«MM 
The  most  effectire  spedescf  rentilatian  is  that  in  which  natme  is  adopted  as  t 
guide.  The  simple  action  of  the  sun,  no  less  than  the  derastaring  phenomen 
of  the  .African  tornado,  tend  to  the  same  resnlL  We  hare  only  to  change  t 
temperature  of  the  air  which  surrounds  us,  and  a  new  portion  wdl  rush  in  fra 
the  adjacent  and  purer  parts,  to  sopplr  its  place.  From  this  it  is  obrioos,  ti 
a  lamp  nlaoed  in  an  aperture  of  the  ceiling,  in  anr  large  and  crowded  root 
will  tena  to  purify  the  air.  This  is  precisely  the  case  in  our  laipe  theatres, 
that  at  Corent  Garden,  where  the  great  glass  chaiidelier,  with  its  nnmeruos  gi 
burners,  gires  out  a  great  quantitr  of  heaL  immediately  under  a  lai^  funni 
which  passes  through  the  roof|  into  the  open  air.  The  rari6ed  air  which  th 
lusbes  through  the  funnel,  is  constantly  succeeded  by  continuous  fresh  curren 
entering  at  numerous  apertures  beneath,  to  restore  the  equilibrium  of  y<  muii 

Notwithstanding  this  arrangement  is  calculated  to  render  the  atuKmhere 
crowded  places  more  fit  for  respiration,  it  is  productive  of  r  painful  and  nerio 
inconrenience  to  those  persons  who  may  be  situated  near  to  the  apertures  befbt 
mentioned,  where  the  fresh  air  enters :  they  are  thus  exposed,  as  it  were,  to  tJ 
action  of  a  series  of  blow-pipes,  and  the  conse<{uences  are,  colds,  asthmas,  az 
rheumatisms,  in  abundance.  To  aroid  drafts,  and  yet  ventilate  thoroughly,  h 
hitherto  been  found  of  difficult  accomplishment.  In  *'  A  letter  to  the  £ari  < 
Chichester,  on  the  practicability  of  rendering  those  pn^ieities  of  air,  wbi^  vda 
to  csloric,  applicahle  to  new  and  important  purposes,  (1823,)**  by  Mr.  Job 
VaDance,  of  Brighton ;  that  gentleman  has  proposed  a  pbn  fbr  wanning  aa 
Tentiiating  the  Houses  of  Parliament,  which,  in  prmeipU,  u  admirablj  des^gne 
to  obviate  the  difficulties  just  mentioned ;  we  shall,  therefore,  give  it  a  plac 
here  in  the  author's  own  words ;  although  there  are  some  mechanical  <H<K*^lTii 
to  be  overcome,  before  it  can  be  rendered  elegant  and  convenient ;  the  meat 
of  effecting  which,  will,  we  tmst,  be  ultimately  accomplished. 

**  There  are  two  |»inciples  which  operate  to  alter  the  state  of  air,  in  any  plac 
where  numbers  of  people  convene.  One  of  them  affects  it  physically,  and  to 
change  of  density,  and  is  the  cause  of  drafh  and  influxes  of  cold  air :  the  othi 
affects  its  chemically,  and  to  a  change  of  quality,  as  the  medium  by  whi^  tl 
action  of  the  lungs  is  rendered  efficient  to  the  preservation  of  life,  and  uriAi 
necessary,  and  indeed  indispensable,  the  drafb  and  currents  of  which  the  fr 
is  the  cause.  The  first  of  these  occurs  in  every  place  in  which  air  ia  bcaied 
the  other,  only  in  those  places  in  which  it  undergoes  respiration.      Now,  it 
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the  first  only  of  these  that  falls  under  our  consideration,  when  inyestigatiDg  tiie 
principle  on  which  drafts  take  place ;  and  the  course  of  operation  of  this  prin- 
ciple is  thus.  If  heat  be  communicated  to  a  particle  of  air,  a  change  takes 
place  with  respect  to  that  particle  in  the  following  manner ;  it  becomes  expanded 
and  increased  in  bulk,  in  some  such  way  as  may  be  conceived,  by  reference  to 
the  juvenile  practice  of  holding  a  flaccid  bladder  before  the  fire,  to  tighten  and 
fill  it  up  again,  prior  to  using  it  as  a  footbaU. 

By  this  expansion  it  is  increased  in  bulk  but  not  in  weight ;  and  in  conse- 
quence, rises  from  among  the  other  particles,  and  ascends  towards  the  ceiling  ; 
in  the  same  way  that  a  madder,  filled  with  air,  would  rise  through,  and  swim  at 
the  top  of  others  filled  with  water,  were  they  thrown  into  tlie  sea  together;  and, 
as  the  only  circumstance  which  caused  this  particle  to  be  where  it  chanced  to 
be  at  the  time  this  supposed  heating  took  place,  was  its  gravity ;  the  moment 
that  becomes  altered,  and  it,  in  consequence,  rendered 
specifically  lighter  than  the  surrouncung  particles,  it 
ascends,  and  passes  through  them  towaros  the  ceil- 
ing. This  is  the  course  of  operation  of  the  principle ; 
the  effect  of  it  is  this : — The  moment  this  particle  of 
air  has  moved  away  from  what  heated  it,  its  place  is 
taken  by  another,  which,  undergoing  the  same  change, 
passes  off  in  like  manner,  having  its  place  taken  by  a 
third  particle ;  and  this  alternation  continues  all  the 
while  heat  is  communicated,  be  the  communicator  what 
it  may,  whether  the  human  body,  a  stove,  or  any  other 
method  of  heating. 

This  is  the  effect  of  air's  being  heated ;  its  physical 
state  is  altered,  and  it  becomes  specifically  lighter  than 
it  was  before. 

The  consequence  of  its  becoming  lifbter,  may  be 
conceived  thus :—  If  a  glass  tube  were  taken,  shaped  in 
this  manner,  with  a  notch  or  crevice  cut  in  it  at  A, 
to  which  notch  or  crevice  a  metallic  slide  were  well 
and  tightly  fitted,  so  as  to  cut  occasionally  off  the 
communication  between  the  two  legs;  if  into  this 
tube  there  were  (when  the  slide  was  pushed  in,  so  as 
to  cut  off  the  communication)  poured,  in  one  leg, 
quicksilver,  and  in  the  other  water,  and  then,  when 
both  were  full,  (placing  the  thumb  on  the  top  of  the 
leg  that  had  the  water  in  it,  to  keep  it  in,)  the  slide 

between  the  quicksilver  and  water  were  pulled  ont  to  let  them  press  one  against 
the  other,  it  u  very  evident  that  the  superior  weight  of  the  column  of  quick- 
silver would  cause  it  to  press  the  column  of  water  upwards  against  the  thumb, 
and  that,  were  the  thumb  removed,  the  water  would  be  driven  up,  and  some  of 
it  forced  out  of  the  tube ;  and  also,  that  the  water  would  continue  to  rise,  till 
the  contents  of  the  two  legs  counterbalanced  each  other.  Now,  this  is  an  illus- 
tration of  what  takes  place  in  any  building,  whenever  the  air  inside  it  is  hotter 
tlian  the  air  without. 

Since,  the  external  air  being  heavier  than  the  internal  air,  the  former  so 
operates  upon  the  latter,  as  to  press  it  upwards  against  the  ceiling,  in  the  same 
manner  that  the  water  would  be  pressed  against  the  thumb ;  and  if  a  part  of 
the  ceiling  be  cut  away,  so  as  to  open  a  means  of  emission  similar  to  what  the 
removal  of  the  thumb  permitted ;  that  is,  if  a  ventilation  aperture  be  opened  in 
the  ceiling,  the  sunerior  weight  of  the  cold  external  air  will  cause  it  to  drive 
the  lighter  internal  air  up  through  that  aperture,  till  the  eauilibrium  becomes 
restored :  and  if,  owing  to  the  air  on  the  inside  being  by  the  respiration,  &c^ 
of  people  convened  in  the  building,  kept  constantly  warmer  and  lighter  than 
the  external  air,  this  equilibrium  is  prevented,  and  the  difference  l^tween  the 
external  and  interval  atmosphere  kept  permanently  up,  the  consequence  then 
will  be,  that  instead  of  a  single  and  transitory  emission,  like  that  of  the  water 
from  the  tube,  there  will  be  a  continuous  emission  of  air  through  the  ventilator, 
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■11  the  wliile  llie  ie>pi rations,  Bcc^  of  thoK  vho  are  aueinblrd  in  thr  boll 
fc«p  Dp  the  diffrrencr.     Nov  thii  ii  vhat  takes  nUee  in  all  public  plicci;  « 
ai,  owing  lo  the  door  and  windowi  beln);,  during  cold  weather,  kepi  shut,  tht  tf 
ture  uf  adminion  (or  channel  by  which  the  external  air  enlen  the  boildia 
is  rendered  very  Dinch  smaller  than  that  of  eTniuion  ;   to  make  up  lor 
difTcrenoe  thua  caused  between  the  apertures  of  admission  and  emisiion.  tfa 
ellernal  air  it  obliged  to  make  uae  of  all  the  cracks  and  crevices  that  ar*' 
either  the  doora  and  windows,  oreliewhece  around  the  buildin|:.  and  to 
duee  itieir  through  them  with  a  velodty  so  much  preater  than  that  at  wt 
paiMei  off  by  the  ventilator,  as  will  make  ap  for  the  difference  between  thi 
of  the  cracks  and  crevicei  by  which  it  enters,  and  that  of  the  venttUttioM 

Tliii  is  the  reason  why  drafts  arc  experienced  from  the  crevices  of  doai 
windows  :  the  heated  and  respired  air  passes  off  bv  the  ventilator  ;  to  md 
for  what  ao  passes  olf,  fresh  air  flows  into  the  bottom  of  the  building,  a 
when  the  w«ather  is  cold  enough  to  make  us  shut  the  doon  and  winda) 
great  fay  a  duct  equal  to  that  of  egress  is  prevented,  to  make  ap,  by  tbc  I 
which  it  enters,  for  the  difference  in  the  sizes  of  the  apertures  of  adtBisM 
emission,  the  air  that  findt  its  way  in  through  cracks  and  crevic«s,  eniM 
so  great  a  velocity  as  to  cause  the  chilling  currenti  we  experience. 

Instead  nf  sulferiug  ventilation  to  Uke  place  at  the  pleasure  of  the  ^ 
strict  and  regulate  it  thus: — 1  first  have  the  windows  of  the  place  nafledi 
to  prevent  them  from  heing  ever  opened ;  I  then  have  the  joints  and  ai 
both  of  these  windows  and  of  the  room  in  general,  so  filled  with  putty, 
treated  with  any  kind  of  lute  or  luting,  that  will  answer  the  purpose^  at  (hd 
vent  their  becoming  channels  through  which  dratU  or  currents  may  fiud 
way  either  into  or  out  of  the  place.  I  then  hate  the  door-ways  arratiged  l' 
Removing  the  present  doors,  the  door- way  is  made  six  feet  wide,  ^  ak 
name  height,  and  into  it  la  fitted  a  cylinder  (of  wood  or  metal)  cloaad 
ends,  and  placed  upright  on  one  of  them,  to  aa  to  appear  somewliat  Kk< 


L 


built  into  the  wall.  Through  the  tide  of  this  cylinder  I  have  two  k( 
rut,  each  about  four  feet  wide,  by  the  height  of  the  cylinder  inside  in 
which  apertures  are  oppuaile,  the  middle  of  each  being  in  the  line  ofthtM 
of  the  cylinder,  so  as  to  leave  a  way  of  about  four  feel  wids.  right  thnni^ 
middle  of  it  into  the  place,  as  shewn  above,  where  the  cylinder  Is  rcpnal 
nloced  iu  the  wall,  with  the  apertutu  in  it.     In  the  ceutre  of  the  cyiindaii 
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in  now  put  (perpendicuUrly)  a  shaft,  of  about  tliree  inches  diameter  and  of  the 
length  of  the  cylinder ;  and  haTing  it,  and  the  centres  of  the  top  and  bottom  of 
the  cylinder,  so  prepared  and  fitted  to  each  other,  that  the  snaft  may  easily 
torn  round,  or  reTolve ;  then  there  are  fixed  on  it,  at  right  angles  to  each  other, 
eight  arms  or  radii,  four  at  top,  and  four  at  bottom ;  the  bottom  four  being 
exactly  under  the  upper  ones.  To  these  arms  there  are  fixed  four  sheets,  or 
pieces  of  iron  plate,  of  such  lengths  and  widths  as  will  just  go  into,  and  fill  up, 
(though  without  touching,)  the  space  left  between  the  shaft  and  the  side  of 
the  cylinder ;  and  these  things  being  so  done,  that  the  plates  or  leaves  fixed  on 
the  arms  may  turn  easily  round,  inside  the  cylinder ;  and  the  ends  and  sides  of 
these  leaves  being  so  fitted  to  each  other  ^t,  when  the  leaves  are  turned  round, 
there  may  not  be  a  space  greater  than  about  the  sixteenth  of  an  inch  left  be- 
tween them,  the  arrangements  for  the  door-way  are  complete ;  and  the  cylinder 
throuf  h  which  the  place  is  entered,  has  within  it  four  leaves  or  wings,  some* 
what  Tike  the  fans  of  a  winnowing^nnachine,  fixed  perpendicularly. 

Now,  the  effect  of  these  arrangements  is  this : — Were  a  common  door  to  be 
made  use  of,  whenever  it  was  opened,  freeMngress  or  egress  would  be  given  to 
air,  and  it  would  pass  firom,  or  mto  Uie  place,  as  circumstances  dictated.  But 
with  a  door  arranged  in  this  way,  no  air  can  at  any  time  pass  either  into,  or 
oat  of  the  place,  excepting  by  the  narrow  space  or  crevice  left  between  the 
edges  of  the  leaves  ana  the  inside  of  the  cylmder ;  since,  the  leaves  being  all 
at  right  aneles  with  each  other,  and  the  two  apertures  in  the  cylinder  being 
neither  of  mem  so  wide  as  to  be  equal  to  ninety  degrees  of  a  circle  of  the  same 
diameter  as  this  door- way  cylinder,  it  follows  that,  turn,  or  cause  the  leaves  to 
revolve  in  what  way  we  may,  two  of  them  will  always  be  within  the  uncut  parts 
of  the  cylinder,  and  constantly  interposed  between  the  inside  of  the  place  and 
the  open  air;  and  in  consequence,  there  never  can  be  any  o^er  passage  for  air 
into,  or  out  of  the  place,  by  this  door-way,  than  by  the  space  or  crevice  between 
the  edges  of  the  leaves,  and  the  inside  of  the  cylinder. 

When  the  windows  and  door  are  thus  £nished,  I  proceed  as  follows  with  the 
ventilator : — ^To  the  aperture  in  the  ceiling. '  throuch  which  ventilation  takes 
place,  there  is  fixed  a  pipe  of  an  equal  diameter  with  that  aperture ;  which  pipe 
gues  through  the  roof  and  then  descends,  and  opens  into  a  reservoir  or  cistern, 
situated  on  the  outside  of  the  building.  Now,  with  things  thus  arranged,  and 
with  the  dstem  so  far  filled  with  water  that  the  end  of  the  ventOation-pipe  is 
immersed  a  few  inches  in  the  water,  the  machinery  by  which  the  warm  air  is  in- 
jected is  set  to  work,  when  air,  fresh,  and  of  a  temperature  pleasantto  the  feelings, 
is  injected  into  the  bottom  of  the  building,  at  a  rate  suflicient  for  the  consump- 
tion of  the  people  inside.  The  pipes  which  convey  this  air,  are  so  contrived  and 
arranged,  as  to  distribute  it  over  the  whole  surface  of  the  floor,  in  a  way  which 
renders  its  introduction  imperceptible ;  and  consequentiy  inconvenience  fi'om 
drafts  or  currents  of  it  is  guarded  against.  As  fast  as  it  is  distributed  over  the  floor, 
it  gives  place  to  the  air  Uiat  follows  it,  and  rises  towards  the  ventilator.  In  its 
accent  it  passes  the  persons  of  the  people  in  the  place ;  and  becoming,  from  the 
heat  imparted  to  it  by  their  bodies,  and  from  tne  deteriorating  efiects  of  their 
respiration,  lighter,  it  rises  more  rapidly  towards  the  ventilator. 

Now,  from  the  arrangements  and  lutings  1  have  mentioned,  the  only  places 
where  this  air .  can  find  egress,  are  through  the  ventilation-pipe,  and  by  the 
spaces  or  crevices  between  the  door-way  cylinder,  and  the  leaves  that  revolve 
in  it ;  and  these  spaces  or  crevices  being,  when  the  cylinder  and  leaves  are  well 
finished  and  fitted  to  each  other,  as  almoat  nothing  in  comparison  with  the 
quanti^  of  air  injected,  it  follows  that  the  ventilation-pipe  must  be  the  main 
channel  of  exit  out  before  any  air  can  pass  through  thu  pipe,  it  must  displace 
the  water  inside  that  end  of  it  which  is  immerscS  in  the  cistern ;  to  displace 
this,  a  slight  pressure  must  be  thrown  upon  it ;  the  causing  this  pressure  will 
somewhat  condense  the  air  in  the  ventilation-nipe  ;  and  as  this  condensar 
tion  will,  owing  to  that  principle  of  fluids  by  which  action  and  reaction  are  com- 
municated, be  reverted,  or  reflected  back  upon,  and  caused  to  take  place  with 
respect  to  all  the  air  in  the  building,  the  whole  of  it  will  be  somewhat  condensed, 
and,  in  consequence,  the  building  will  have  in  it  a  quantity  of  air  greater  than 
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it  would  under  common  circumstances  have,  according  to  the  depth  to  which 
the  end  of  the  ventilation-pipe  is  immened  in  the  water.  Now,  as  this  com- 
pressed state  of  the  air,  and  the  building's  thus  having  within  it  more  than  it 
would  under  common  circumstances  contain,  is  contrary  to  the  natural  tendencies 
of  air,  its  expansive  principle  will  be  exerted,  and  every  crack  and  crevice  about 
the  place  will  become  a  channel  to  let  air  ok^  instead  of  into  it ;  and,  in  coose- 

Suence,  drafts  into  the  building  effectually  prevented,  owing  to  every  cranny 
irough  which  they  used  to  enter,  becoming  a  channel  of  e^ett  instead  of  nt- 

This  is  the  way  in  which  I  prevent  and  do  away  with  "  elrafts ;"  and  when 
the  door  and  ventuation  apparatus  (which  is,  in  fact,  nothing  more  than  a  most  sen* 
sitive  valve,  and  to  which  a  valve  would,  under  some  circumstances,  be  preferable,) 
are  well  arranged,  and  their  effect  not  counteracted  by  any  of  the  cracks  and 
crevices  which  are  about  rooms  being  suffered  to  remam  unluted,  or  otherwise 
unstopped,  the  evil  it  is  intended  to  remedy  will  be  effectually  done  away 
with. 

There  is,  to  be  sure,  both  singularity,  and  a  degree  of  inconvenience,  in  a 
door-way  such  as  I  have  described ;  though,  by  having  the  panels  of  the  re- 
volving-leaves of  glass,  this  might  be  much  done  away  with ;  and  as  there  ia  no 
other  equally  convenient  way  of  preventing  all  possibility  of  annoyance  from 
the  door,  whenever  any  one  either  entered  or  went  out  of  the  place,  it  might  be 
submitted  to,  should  common  doors  not  be  considered  sufficient 

With  the  prevention  of  inconvenience,  and  thedangeroftakingcoldtnsicfe  the 
building,  would  also  be  the  removal  of  much  of  the  hability  to  cold,  &c.,  when 
leaving  the  now  highly  heated  atmospheres  of  public  places;  as,  owing  to  the 
temperatures  being  always  uniform,  and  never  above  tnat  which  was  agreeable 
and  salubrious,  much  of  the  danger  we  all  experience,  and  many  of  the  indis- 
positions people  of  delicate  constitutions  incur,  in  consequence  of  passing  from 
those  atmospheres  to  the  open  air,  would  be  done  away  with.  And,  by  Tary* 
ing  the  deptn  of  the  water,  in  which  the  ventilation-pipe  is  immersed,  according 
to  the  variations  of  the  barometer,  constant  uniformity,  as  to  the  density  of  the 
atmosphere  inside  of  the  building,  might  be  maintained." 

The  usual  mode  of  ventilating  ships  is  by  a  canvass  bag.  called  a  wind-sail. 
This  is  suspended  over  the  principal  aperture  in  the  deck,  and  having  an  open- 
ing in  the  direction  of  the  wind,  a  current  is  propelled  downwards,  which  tends 
to  purify  the  air.  But  ventilation  is  chiefly  required  in  ships  during  foul  weather, 
when  such  a  process  as  that  of  the  wind-sail  cannot  possibly  be  employed.  Mr. 
Jacob  Perkins  has  proposed,  under  these  circumstances,  the  following  very 
simple  arrangement 

a  and  b  represent  two  casks  or  tanks  half  filled  with  water,  placed  on  the 
opposite  sides  of  the  vessel,  with  a  channel  c,  having  an  open  communication 
with  both ;  d  and  e  represent  two  large  hoses  or  pipes,  through  which  the  foul 


air  from  beluw  deck  escapes  into  the  tank,  where  there  are  valves  opening 
inward;  fandg  ore  two  pipes  furnished  with  valves  opening  outwards,  serving 
to  discharge  the  foul  air  out  of  the  tanks.  Now,  when  the  tank  a  is  elevated  by 
the  ship's  motion,  the  water  will  run  along  the  pipe  c  into  the  depressed  tank  h, 
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the  rising  of  the  water  in  which  will  open  the  valve  of  the  pipe  g^  and  dischorge 
as  much  air  as  the  water  displaces.  At  the  same  time  the  elevated  tank  a  is  re- 
ceiving the  foul  air  from  below  through  the  hose  d^  the  valve  in  it  having  been 
opened  by  the  pressure  acting  upon  the  vacuum  formed  in  a  by  the  retiring 
of  the  water,  the  external  pressure  of  the  atmosphere  having  shut  the  valve  in 
the  discharge-pipe  / ;  now,  when  the  vessel  rocks  in  the  opposite  direction,  as 
would  be  represented  by  a  line  from  dXog,  the  charge  of  foul  air  in  the  tank  a,  is 
discharged  by  its  filling  with  water  in  the  manner  idready  shown  as  respects  the 
tank  h;  and  thus  the  operation  is  continually  performed  by  the  oscillation  of 
the  vessel.  It  will,  however,  be  evident  that,  if  the  tanks  be  fixed  at  riglit 
angles  to  the  keel,  the  ventilation  will  only  be  effected  by  the  roUmg  of  the  ship : 
but  if  the  tanks  be  placed  diagonally,  then  the  ventilation  will  be  equally  effected 
by  the  pitching  also.  A  very  excellent  warmine  and  ventilating  stove  for  build- 
ings, particularly  adapted  to  manufactories,  by  the  same  ingenious  mechanician, 
is  described  under  the  article  Air  :  which  see. 

VERDIGRIS ;  b  a  crude  acetate  of  copper,  employed  in  the  arts  as  a  pig- 
ment ;  see  Painting.  It  is  usually  obtained  by  moistening  the  surfaces  of 
copper  plates  with  vinegar,  and  exposing  them  to  the  action  of  the  atmosphere ; 
a  bluish  green  rust,  or  fine  salt,  thereby  forms  upon  the  surface,  which  is  verdi- 
gris. According  to  Mr.  Phillips,  the  constituents  of  English  and  French  verdi- 
gris are  as  follow : — 

French.       English. 
Acetic  acid       .     .  .     .     29.3  29.62 

Peroxide  of  copper    .     .     .    43.5  44.25 

Water 25.2  25.51 

Impurity 2.0  0.62 

100.0  100.0 

The  French  verdigris  has  been  usually  considered  the  best,  but  the  English 
of  late  years  has  been  so  much  improved  in  the  manufacture,  as  to  be  rendered 
equal  to  the  foreign  in  the  opinion  of  many.  In  a  manufactory  established  at 
Deptford,  about  twenty  years  ago,  the  process  which  we  saw  in  operation  (and 
which  we  believe  is  continued  without  any  essential  variation)  was  as  follows  : 
Thin  plates  of  copper,  of  which  there  were  an  immense  number,  about  a  foot 
square  each,  were  folded  up  in  coarse  woollen  cloths,  saturated  with  pyroligneous 
acid,  (distilled  on  the  premises ;)  a  dozen  or  more  such  plates,  with  the  moist 
cloths  between  them,  forming  one  pile,  were  placed  to  the  number  of  several 
thousands  upon  stout  wooden  racks,  built  up  in  an  extensive  cellar,  through 
which  the  air  had  free  access ;  but  the  underground  situation  having  the  effect 
of  preserving  the  air  in  a  moist  state,  which  we  understood  was  favourable  to  the 
process.  The  plates,  after  remaining  a  few  days  in  this  state,  were  taken  down, 
the  cloths  unfolded,  and  the  green  saline  matter  upon  the  surfaces  of  the  plates 
was  scraped  off*  by  instruments  calculated  not  to  remove  any  portion  of  the 
metal ;  the  plates  were  afterwards  folded  anew,  in  the  moistened  acid  cloths,  and 
the  process  was  thus  continually  repeated,  until  the  copper  plates  were  by  im- 
perceptibly slow  degrees  worn  away.  The  quality  of  the  Terd^is  thus  produced 
was  in  great  estimation.  The  manufacture  was  conducted  under  a  patent-right, 
which  has  now  expired. 

VERDITER.  A  blue  pigment,  obtained  by  adding  chalk  or  whiting  to  a 
solution  of  copper  in  aquafortis.  It  is  thus  prepared.  A  quantity  of  whiting  is 
put  into  a  tub,  and  upon  this  the  solution  of  copper  is  poured.  The  mixture 
is  stirred  every  day  for  some  hours  together,  until  the  liquor  loses  its  colour. 
The  liquor  is  dien  to  be  poured  off",  and  niore  solntion  of  copper  is  to  be  added ; 
and  the  process  thus  continued,  until  the  whiting  has  acquired  the  requisite 
depth  of  tint;  when  it  may  be  first  dried  upon  large  pieces  of  chalk,  and  after- 
wards  in  the  sun's  rays.    The  inferior  verditers  are  deficient  of  copper. 

VERJUICE.  An  austere  vinegar,  made  from  the  expressed  juice  of  wild  or 
crab  apples.  It  is  used  by  the  wax-chandlers  for  purifying  their  wax.  Also  in 
French  cookery,  to  give  pungency  to  ragouts.  Sec 
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VERMICELLI.  A  coropotition  of  floor,  cheese,  yolks  of  eagt,  tugar  and 
saffron,  reduced  to  a  smootn  paste,  and  formed  into  long  slender  piecea  like 
worms,  by  being  forced  througn  little  holes,  by  means  of  a  piston  moring  in  a 
cylinder. 

VERMILION.  A  beautiful  scailet-red  pigment  It  is  usuaUy  obtained 
from  mercury,  being  the  red  sulphuret  of  that  metal.  It  is  said,  by  aome 
authors,  that  the  Ckinete  vermilion  is  a  sulphiuet  of  anemc :  others,  on  the 
contrary,  assert  that  it  is  prepared  from  the  dnnabar  of  the  East,  which  being 
an  ore  of  mercury,  already  combined  with  sulphur,  renders  it  an  obrioua  imd 
an  easily  conducted  process.  Large  quantities  of  vermilion  are  manu&ctored 
by  the  Dutclu    'l*heir  process  consists  in  grinding  together  150  pounds  of  aol- 

Shur,  and  1000  of  quicksilver,  and  then  heating  tne  JEthiops  mineral  thua  pro- 
uced,  in  a  cast-iron  pot,  two  feet  and  a  half  in  diameter,  and  one  foot  deep. 
If  proper  precaution  is  taken,  the  iBthiops  does  not  take  fire,  but  merely  doCa 
together,  and  requires  to  be  ground.  Tnirty  or  forty  pots,  capable  of  holding 
twenty-four  ounces  of  water  each,  are  then  filled  in  readiness  with  this  ^thiopa. 
The  sublimary  vessels  are  earthen  bolt  heads,  coated  two-thirds  of  their  heiglit 
with  conunon  fire-lute,  and  hung  in  the  mm  rings,  at  the  top  of  three  pot  rar- 
naces,  buHt  in  a  stack  under  a  hood  or  chimney,  so  that  the  fire  has  free  access 
to  the  coated  part ;  each  snblimer  has  a  flat  iron  plate,  which  covers  the  moath 
of  it  occasionally.  The  fire  being  lighted  in  the  evening,  the  sublimera  are 
heated  gradually  to  redness.  A  pot  of  ^thiops  is  then  flung  into  each  sub- 
limer ;  the  ^thiops  instantly  takes  fire,  and  the  flame  rises  from  four  to  aix  feet 
high ;  when  the  name  begins  to  diminish,  the  sublimer  is  covered  for  some  time. 
By  degrees,  and  in  the  course  of  thirty-four  hours,  the  whole  of  the  J^thiopa  is 

5ut  into  the  sublimers,  being  410  pounds  into  each.  The  suhlimers  being  thua 
ischarged,  the  fire  is  kept  up,  so  tnat  on  taking  off*  the  covers  every  quarter  or 
half- hour,  to  stir  the  mass  with  an  iron  poker,  the  flame  rises  about  three  or 
four  inches  above  the  mouth  of  the  sublimer.  The  sublimation  usuaUy  takea 
thirty-six  hours,  and  when  the  sublimers  are  taken  out  of  the  furnace,  cooled, 
and  broken,  400  pounds  of  vermilion  are  obtained  from  each. 

Kirchoff  first  showed,  that  by  commingling  and  triturating  mercury,  sulphur, 
and  potash  together,  and  applying  heat,  cinnabar  might  be  obtained ;  but  the 
process  was  uncertain,  and  gave  variable  quantities  of  vermOion.  The  foflow- 
iDg  is  a  process  recommended  by  M.  Bruner  :^ 

Mercury 300  parts. 

Sulphur 1J4 

Caustic  potash 75 

Water 400  to  450 

The  mereury  and  sulphur  are  first  triturated  together,  from  three  hours  to  a 
whole  day,  according  to  the  quantites  used.  When  the  mixture  is  homogeneous, 
the  solution  of  potash  is  added,  the  trituration  continued,  and  the  mixture  heated 
in  an  earthen  vessel  or  porcelain,  or,  if  on  a  large  scale,  of  iron.  At  first,  the 
stirring  must  be  constant,  afterwards,  from  time  to  time.  The  heat  should  be 
sustained  113**;  it  should  never  pass  122o.  The  liquid  should  not  be  allowed 
to  diminish  by  evaporation,  but  be  made  up.  After  some  hours,  the  mixture 
will  acquire  a  reddish  brown  colour,  and  then  great  care  is  required :  the  mix- 
ture must  not  pass  113*.  If  it  becomes  glutinous,  a  little  water  should  be 
added ;  the  mixture  of  sulphur  and  mereury  should  always  be  in  a  pulverent 
form  in  the  liquid.  The  colour  becomes  more  and  more  brilliant,  ano  at  timea 
increases  with  astonishing  rapidity :  when  it  has  attained  its  highest  intensity, 
the  vessel  is  to  be  taken  off  the  fire,  but  still  to  be  retained  warm  for  several 
hours.  The  time  necessary  for  the  application  of  heat,  appears  to  be  directed 
as  the  quantity  operated  upon.  If  the  proportion  above  be  m  grammes,  (about 
15|  grains  each,)  the  red  colour  will  appear  in  about  eight  hours,  and  the  ope* 
ration  be  finished  in  about  twelve  hours. 

The  cinnabar  is  then  to  be  washed,  and  the  small  quantity  of  metallic  mer- 
cury that  may  be  present,  separated ;   firom  328  to  330  parts  of  vermilioa  will 
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he  obtained,  of  a  eolonr,  a^ualliiig  that  of  the  natire  cinnabar,  and  far  sutpaas- 
ing  that  of  cinimbar  obtained  by  eublimation.  The  mercuiy  and  the  potaih 
thoold  bo  quite  jrare. 

VICE.  An  inatnunent  conaiatin^  ehieflj  of  a  pair  of  atoat  jaws  or  chapa, 
whidi  are  brought  together  by  the  aid  of  a  acrew,  to  coorpreaa,  or  hold  faat  any 
aubetance  plac^  between  thiem.  VScea  are  of  almoat  mdiapenaable  utility  to 
gQitha,  engineera,  and  the  generality  of  mechaniea,  to  the  peculiar  wanta  of 
certain  daaaea  of  whom,  they  are  aometimea  varioualy  modified :  but  the  vices 
in  general  uae,  are  thoae  termed  amitha'  vioea,  and  these  are  of  aeyeral  kinda ; 
namely,  the  standard  rice,  the  bench  vice^  and  the  hand  vice.  The  firat-moi- 
tioned  has  a  long  atandard  bar  reaching  to  the  ground,  by  which  it  may  Tie 
stapled  to  the  side  of  an  upright  post ;  and  likewise  a  pair  of  flattened  horns, 
by  which  it  may  be  nailed  to  the  top  of  the  post,  or  to  a  work-bench.  They 
are  made  of  Tarioos  sixes,  and  weigh  from  15  to  150  pounds  each,  according 
as  they  may  be  required  for  heavy  or  light  work.  The  second  sort,  bench-vices, 
are  of  a  smaller  class ;  they  have  no  standard  bar,  and  are  contrived  so  as  to  be 
damped  firmly  to  the  bench,  by  means  of  a  screw  and  wrench,  and  the  horns 
or  daws  above.  Of  this  kind,  a  very  simerior  quality  used  by  watch-makers, 
dock-makers,  and  other  delicate  mechanists^  is  made  by  the  Lancashire  tool- 
smiths,  whose  workmanship  surpassea  all  others.  The  third  kind,  hand-vices ; 
theses  though  of  various  sizes,  and  modified  in  a  thousand  wa3rs,  are  all  so  small 
as  to  be  held  in  one  hand,  that  the  article  they  gripe  may  be  worked  upon  by 
the  other ;  the  jaws  are  drawn  together  or  asunder  by  a  small  thumb  screw. 

yiN£FICAT£UR.  An  appuratua  for  collecting  the  alcoholic  vapoura  that 
naually  eacape  from  fluida  dunng  the  process  of  vinous  fermentation.  •  It  is  a 
eonical  vessel  or  cap,  covering  a  hole  in  the  top  of  the  fermenting  tun,  which  is 
in  other  respects  dosed  air-ti^t  The  conical  vessd  is  surrounded  by  a  reser- 
Foir  of  cold  water,  so  that  the  spirituous  vapours,  rising  from  the  working  tnn« 
may  be  condensed  when  they  enter  the  cooe,  and^  (nmning  down  its  aidea,  be 
Conducted  by  a  pipe  back  into  the  tun.  The  cap  is  protided  with  a  tube,  to 
carnr  ofi*  the  gaseous  portion  of  the  vapour  which  nas  not  been  condenaed. 

VINEGAR.  Acetic  add  in  a  dilute  atate,  combined  with  mucilage,  and 
aometimea  accompanied  with  flavouring  ingredienta.  Though  frequently  reaolt- 
ing  from  apontaneona  fermentatioDi  thia  useful  add  is  usudly  obtained  by  the 
manufacturing  processes  of  brewing  and  fermentation.  There  are  four  piindpal 
kinds ;  namely,  wine  vinegar,  nuut  vinegar,  sugar  vinegar,  and  wood  vinegar. 
The  process  of  preparing  ue  laat*mentioned,  hiu  been  ur^y  described  under 
the  artide  Acio,  in  the  first  volume ;  our  attention  ia  therefore  here  reatricted 
to  the  three  former. 

Wme  Fmegar.  In  Paris,  the  wine  destined  for  makinff  vinegar,  is  usually 
mixed  in  a  large  ton,  with  a  quantity  of  wine  lees ;  the  whme  is  then  transferred 
into  doth  aaeksi  placed  within  a  large  vat,  and  the  liquid  portion  of  the  matter 
ia  extruded  through  the  aadu  by  auperincumbent  preaaure.  What  paaaea  through 
ia  run  into  large  caaka,  aet  upnght,  having  a  amall  hde  in  their  tops.  In  these 
vessels,  it  i»  exposed  to  the  heat  of  the  sun  in  summer,  or  to  that  of  a  stove  in 
winter.  Fermentation  takes  place  in  a  few  days.  If  the  heat  ahould  then  riae 
too.htgh,  it  is  lowered  by  oool  air,  and  the  addition  of  firesh  wine.  In  tho  skilful 
regulation  of.  the  frrmentative  temperature,  consists  the  art  of  making  good  wine 
vinegar.  In  summer,  the  fermentative  process  is  usually  oompletra  in  a  fort- 
night ;  in  winter,  about  douUe  the  time  is  requisite ;  after  which,  it  is  run  €iit 
into  cask%  eontainine  some  chi^  of  birch-wood,  where  it  is  allowed  to  remain, 
until  it  lutt  become  dear  and  bnght,  which  usually  takes  a  fortnight  more.  Tho 
vinegar  is  then  put  into  dose  casks,  and  is  ready  for  the  market 

AtOrieansb  the  manufacturers  prefer  wine  of  a  year  dd,  for  makiiw  vinegar; 
but,  if  the  wine  has  lost  its  extractive  matter,  by  age  or  otherwise,  it  £>es  not  so 
readily  undeigo  acetification,  which  is,  however,  brought  aboat  by  the  adMon 
of  bunches'  qC  grapes,  slips  of  vines^  or  green  woods,  abounding  •  with  e^itraetiva 
matters  :  Almost  all  the  vinegar  <^  the  north  of  Fcanee  being  prepared  at 
Orleans^  the  manufacture  of  that  place  has  acquired  wath  cdebrity,  as  torendei 
thepatDOBM.empl(oyed  jthere  worthy  of  partinilar  atliiitio^  ... 
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tun§of  Dccii  VMOf  tm  pfCKfred.  Tiicjr  sre  plMCfg  id  Uiiw 
aaodier,  and  in  tlicirtoiM,  luwre  aa  ■pciUuc  of  two  indies  dwairtny  kcfftahrayv 
open.  The  wine  ibr  aeetification  is  kept  in  adjoining  eodci,  eoBlainii^ 
aoinrinipi,  to  which  the  leei  adhere.  The  wine  thos  darified,  is  drawn  cff  Mm 
sake  Wnegar.  One  hundred  pints  of  good  rinefar,  hailing  hot^  are  fiist  pwucd 
Sato  cadi  cask,  and  there  left  for  eight  digri.  Ten  pints  of  wine  are  oized  in, 
•very  eight  dajs,  until  the  casks  are  fnlL  The  Tin^ar  b  allowed  to  leuiaiu  in 
tiiis  state  fift^n  dajs,  hefore  it  b  exposed  for  sale.  The  need  cask%  called 
wtoiMergf  are  nerer  emptied  more  than  hsl(  hot  are  snocesnrd jr  filled  agsda,  la 
acetify  new  portioDS  of  wine.  In  order  to  jndge  if  the  sMlier  worin,  the  Tincgar- 
maken  nkmge  a  spatula  into  the  liiioid ;  and,  according  to  the  qoaatitjr  of  froA 
whidi  me  spatula  showi^  they  add  more  or  less  wine.  In  summer,  the 
nheric  heat  is  snflirifBt.  In  winter,  stares  heated  to  ahout  76*  Fahc. 
tbs  requisite  temperature  in  the  manu&ctorj. 

In  some  countiy  districts^  the  people  keep^  in  a  place  where  the 
is  mild  and  equahle,  a  wmygr  cail^  mto  whidi  thej  pour  such  wine 
10  acetify;  and  it  is  always  presenredfiil],  hjr  replacing  the  Tinegardiai 
new  wine.  To  estahlish  this  household  manufacture,  it  is  only  neoesaa  ^ 
at  fint  a  small  cask  of  good  wine.  The  foDowing  mode  of  preparing  Vinegar, 
which  was  descrihed  hy  BoethaaTe,  more  than  a  century  ^o,  is  still  in  practice 
in  Tarious  parts  of  France,  and  dsewhere : — 

**  Take  two  lane  casks  or  hogsheads,  and  in  each  of  these,  at  the  ^'•tanrft  of 
a  foot  from  the  bottom,  form  a  false-hottom  of  wicker»work ;  aet  the  Tessel 
upright,  and  on  the  grate  place  a  moderately  close  layer  of  green  twigs,  or 
msh  cuttings  of  the  vine.    Then  fill  up  the  vessd  with  the  fiwl-stalka  of  tha 
grapes,  commonly  called  the  n^>e,  to  the  top  of  the  Tesiels,  whidi  must  be  left 
quite  open.    Harin^  thus  prepiured  the  two  vessels,  pour  into  them  the  wine  to 
OS  conTerted  into  Tinegar,  so  as  to  fill  one  entirely,  and  the  other  only  hatf- 
way  up.     Leave  them  thus  for  twenty-four  hours,  and  then  fill  up  the  lialf-filled 
▼efsel  with  liquor,  from  that  which  is  quite  full,  and  which  will  now,  in  its  tllI1^ 
be  left  only  half  fulL    Twenty-four  hours  afterwards,  repeat  the  same  operation, 
and  thus  go  on,  keeping  the  veseels  alternately  full  and  naif  full,  during  twenty- 
four  hours,  till  the  vinegar  he  made.    On  the  second  or  third  day,  there  will 
arise  in  the  half-filled  vessel,  a  fermentative  motion,  accompanied  with  aenaibia 
heat,  which  will  gradually  increase  from  day  to  day.    On  tne  contrary,  the  fiei^ 
menting  motion  is  almost  imperceptible  in  the  rail  vessd;  and,   aa  the  two 
vessels  are  alternately  full  and  half  full,  the  fermentation  is,  by  Uib  means,  in 
some  measure,  interrupted,  and  is  only  renewed  every  other  day  in  each  vesaeL 
When  this  motion  appears  to  have  entirely  ceased,  even  in  the  half-filled  veasel, 
it  is  a  sign  that  the  fermentation  is  finished ;  and  therefore,  the  vinegar  ia  then 
to  be  put  into  casks,  dose-stopped,  and  kept  in  a  cool  place.    A  greater  or  leaa 
degree  of  warmth  accderates,  or  checks  this,  as  well  as  the  spirituous  fermenta- 
tion.    In  France,  it  is  usually  finished  in  fifteen  days,  during  the  summer;  but 
if  the  heat  of  the  air  be  very  great,  and  exceed  25®  of  Reaumur's  thermometer, 
(88)^  Fahr.)  the  half-filled  vessd  must  be  filled  up  every  twelve  hours ;  becanae, 
if  the  fermentation  be  not  so  checked  in  that  time,  it  will  become  violent,  and 
the  liquor  will  be  so  heated,  that  many  of  the  spirituous  parts,  on  which  the 
strength  of  the  vinegar  depends,  will  be  dissipateo,  so  that  nothing  will  remain 
after  the  fermentation,  but  a  vapid  liquor,  sour  indeed,  but  efiete.    The  hetter 
to  prevent  the  dissipation  of  the  spirituous  parts,  it  is  a  proper  and  usual  pre- 
caution to  close  the  mouth  of  the  half-filled  vessel,  in  which  the  liquor  ferments^ 
with  a  cover  made  of  oak  wood.    As  to  the  full  vessel,  it  is  dways  left  open, 
that  the  air  may  act  freely  on  the  liquor  it  contains ;  for  it  is  not  liable  to  the 
same  inconvenience,  because  it  ferments  but  very  dowly." 
'   In  observing  the  phenomena  of  this  fermentation,  M.  Fourcroy  remarks^ 
{Mlementi  of  Nalurat  Histoiy  and  Chemiiity,  London,  1790,)  we  perceive  a 
great  dad  of  boiling  and  hissing.    The  liquor  becomes  hot  and  turbid ;  a  great 
many  bubbles  and  filaments  appear  to  run  through  it  in  all  directions :  there 
cxhdes  from  it  a  livdy  add  smell,  which  is  no  way  dangerous :  it  abaorba  a 
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gnat  deal  of  air.  By  decreet,  tnete  phenomena  disappear ;  the  heat  falls,  the 
emotion  ceases,  and  the  hquor  becomes  clear.  It  deposits  a  glareons  sediment 
in  reddish  flakes,  which  stick  to  the  sides  of  the  casks.  It  appears,  from  a 
sufficient  number  of  experiments,  that  the  smaller  the  quantity  df  the  wine,  and 
the  more  it  is  exposed  to  the  contact  of  air,  so  much  the  more  readily  does  it 
pass  into  the  state  of  vinegar.  Care  must  be  taken  to  draw  off  the  vineffar 
clear,  when  it  is  thus  prepared,  in  order  to  separate  the  lye^  which,  were  this 
precaution  neglected,  would  cause  it  to  pass  into  the  state  of  nutrid  fermenta- 
tion. Vinegar  does  not,  like  wine,  dc|)osit  tartar  b^  rest :  tnat  salt  was  dia- 
aolved,  and  combined  with  the  alcohol  and  water,  during  the  fermentation.  It 
is  even  probable,  that  the  presence  of  the  salt  has  a  principal  influence  in  calling 
finrth  the  properties  of  vinegar  from  a  latent  state. 

MqU  y'megar^  which  is  chiefly  used,  and  extensively  msnufactured  in  this 
country  for  foreign  as  well  as  home  consumption,  is  made  by  macerating  malt 
(in  some  instances  mixed  with  a  proportion  of  unmidted  barley,)  in  hot  water, 
from  each  boll  of  the  grain  is  extracted  one  hundred  gallons  of  wort,  and  when 
ihe  temperature  is  reduced  to  about  75o  of  Fahr.  four  gallons  of  beer  yeast  are 
added  to  each  hundred  gallons.  The  liquor  is  next  racked  off  into  a  series  of 
upright  vats,  arranged  in  a  stove-room,  kept  heated  to  a  temperature  of  nearly 
90°  Fahr.  The  vats  are  provided  with  jierforated  false  bottoms,  on  which  is 
strewed  a  quantity  of  rope,  the  refuse  from  the  makers  of  British  wine,  or  some 
low  priced  raisins.  Every  twenty-four  hours,  or  oftener,  should  the  liquor  grow 
too  warm,  the  principal  portion  of  the  liquor  of  each  alternate  vat  is  pumped  out, 
and  discharged  into  the  adjoinine  one,  two  vats  being  usually  worked  together, 
in  the  manner  already  describeo,  until  the  active  fermentation  is  completed. 
After  this,  the  liquor  is  drawn  ofi*  clear  into  large  casks  or  pipes,  which  are  laid 
on  their  sides,  exposed  to  the  air,  the  bung^holes  being  only  loosely  covered,  to 
exclude  accidental  impurities. 

VINERY.  A  garden  erection,  usually  consisting  of  a  wall  12  or  14  feet 
high,  extending  in  an  easterly  and  westerly  direction,  covered  with  a  roof  and 
glass  lights,  furnished  with  a  stove  and  flues,  and  every  convenience  for  the  pro- 
tection and  cultivation  of  vines. 

VIOLIN,  or  fiddle;  a  well-known  stringed  instrument  of  brilliant  tone,  the 
vibrations  in  which  are  produced  by  means  of  a  bow. 

VIOLONCELLO,  or  bass  viol ;  a  similar  instrument  in  construction  to  the 
violin,  but  of  a  larger  siae,  and  having  a  more  powerful  effect  An  improve- 
ment in  the  violoncello  was  lately  made  by  Mr.  S.  A.  Forster,  of  Frith  Street, 
Soho,  London,  for  which  that  gentleman  received  an  honorary  medal  from  the 
Society  of  Arts.  The  tail-piece  of  a  violoncello  is  a  thin  board,  usually  of  ebony, 
fixed  at  the  end  of  the  instrument,  opposite  to  the  pegs,  and  to  which  Uie  ends  of 
the  strings  are  tied,  or  otherwise  fastened.  Mr.  Forster's  invention  consists, 
first,  in  makine  three  longitudinal  cuts  in  the  tail-piece,  dividing  it  into  four 
bars,  united  oiuy  at  the  lower  end,  sufiicientl^  separated  at  the  other  to  pre- 
vent their  touching  while  in  a  state  of  vibrauon ;  and  attaching  the  stnngs 
one  to  each  of  the  bars.  In  each  bar  are  three  holes,  and  the  string  is  to  be 
fitftened  to  whichever  of  them  on  trial  shall  be  found  to  eive  the  most  perfect  tone. 
Secondly,  the  material  of  the  tail-piece,  instead  of  bemg  wood,  as  usual,  is  of 
aoft  hammered  brass ;  this  alloy  being  found  to  give  freer  vibrations  than  copper, 
and  to  be  preferable  to  iron  or  steel,  on  account  of  the  metallic  quantity  of  tone 
which  attends  the  use  of  these  substances.  By  the  above  arrangement,  each 
string  being  attached  to  its  own  bar,  the  string  and  bar  form  a  continuous  and 
distinct  line,  and  therefore  the  vibrations  of  Uie  different  notes  interfere  less 
with  each  other.  When  the  strings  are  tied  to  one  common  tail-piece,  the 
breaking  of  one  puts  all  the  others  out  of  tune ;  but  in  Mr.  Forster's  inven- 
tion, as  each  string  has  its  own  bar  or  tail-piece,  the  breaking  of  one  affects  the 
others  in  a  very  sbght  degree. 

VITRIOLS.  A  class  of  salts  formed  by  earthy  or  metallic  combinations 
with  the  vitriolic  or  sulphuric  acid. 

VOLUTE.  A  spirsl  scroll,  used  in  the  Ionic  and  Composite  capitals  of 
«olamns,  whereof  it  makes  the  principal  characteristic  and  ornament. 
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WAFERS.  Small  discs  of  dried  paste,  used  for  tealipg  letters.  The  mode 
of  makine  them  is  as  foUows . — ^Take  fine  wheat  flour,  mix  it  with  white  of  em 
and  isinglass  into  a  very  smooth  paste,  and  spread  the  same  orer  tin  platte  evewj, 
and  dry  them  in  an  ove:i,  placing  several  of  the  plates  one  over  the  other  to 
communicate  a  glossy  surface  to  ue  wafers.  When  dry,  the  sheets  of  paste  thus 
fbimed  are  laid  up  in  a  pile,  ahout  an  inch  or  more  in  depUi,  and  cut  out  into  ctrcn- 
lar  pieces  by  a  hollow  punch,  which  allows  the  wafers  to  pass  up  its  tubular  cavity 
and  discharge  themselves  sideways  as  the  cutting  proceeds,  which  is  effected 
with  great  rapidity.  The  variety  of  colours  that  are  ordinarily  communicated  to 
wafers,  is  given  to  them  in  the  paste,  by  the  usual  pigments  in  the  dry  powdered 
■tate^  or  previously  dissolved  in  the  water  employed.  As  the  cHnamental  sub- 
stitute for  sealing-wax  and  wafers  taken  firom  gems,  seals,  or  Tassie's  copies 
thereof  which  was  recently  much  in  fashion,  possesses  some  utility  as  a  Yery 
convenient  cement,  we  shall  here  add  the  mode  of  preparing  it.  A  aolution 
of  Salisbury  glue,  in  water  previously  tinged  red,  purple,  yellow,  &e.,  by  firasil- 
wood,  log-w^,  turmeric,  ore.  must  be  prepared  of  a  proper  eonsbtenee.  Hie 
hollows  of  the  gem,  &t.  must  then  be  moistened  with  a  little  weak  gumnwater, 
in  which  any  white  or  coloured  opaque  uowder  is  mixed;  or  wiu  the  gum- 
water  alone,  and  the  odour  in  powder  sifted  over  it ;  all  the  colour  must  then  be 
wiped  off  the  plain  parts,  leaving  it  only  in  the  hollows.  As  mueh  of  the  melted 
•elue  must  then  be  poured  upon  the  gem  as  can  lie  upon  it,  and  be  aufiered  to 
dry  in  a  gende  heat ;  when  it  will  shrink  considerably,  so  as  to  become  not 
diieker  than  an  ordinary  sheet  of  writing  paper ;  it  readUy  quits  the  gem,  pre* 
sentmg  a  beautiful  cast  of  it  <  To  use  it,  the  folded  note,  letter,  ftc.  should 
be  wetted  on  the  part  where  the  glue-wafer  is  to  be  api^ed,  and  the  back  of 
the  wafer  be  placed  on  the  wet  part,  when  it  will  soon  adhere,  by  its  glutr- 
nous  property,  and  thus  form  an  elegant  closure  to  the  letter.  It  shoufi  be 
remarkeo,  that  this  is  merely  the  revival,  and  application  to  a  different  pur- 
pose, of  a  well-known  process,  formerly  much  used  for  taking  casts  -nom 
medals,  coins,  &c.;  vis.  by  making  a  solution  of  isinglass  in  proof-spirits^ 
straining  it  clear,  and  pouring  it  over  the  surface  of  the  medal,  &c.  The  isin- 
glass shrinks  in  drying,  and  will  readily  quit  the  surface  of  the  medal ;  it  may 
tnen  either  remain  in  its  transparent  state,  or,  by  breathing  upon  it,  a  coat  of  leaf 
gold  or  silver  may  be  applied  to  it,  and  thus  give  it  the  appearance  of  metaL 

The  French  isinglass  wafers  are  made  in  France,  in  the  following  manner. 
The  isinglass  being  dissolved  in  water  to  the  proper  consistence,*  is  poured  out 
upon  plates  of  glass  provided  with  borders,  and  laid  upon  a  level  table ;  to  pre- 
vent the  glue  m>m  sticking  to  the  plates,  a  little  ox-gall,  or  other  fit  material 
should  be  rubbed  over  them.  Previous  to  the  isinglass  becoming  quite  dry,  they 
are  to  be  cut  through  along  the  borders.  The  leaves  are  then  removed,  and  cut 
out  with  hollow  punches,  as  other  wafers  are.  The  various  colours  are  com- 
municated to  them  by  pigments  whUe  in  the  fluid  state.  They  are  sometimes 
flavoured  with  essential  oils  and  aromatics,  as  well  as  fruits,  to  give  them  an 
agreeable  taste. "  For  sealing  letters,  these  wafers  afibrd  more  security  than  the 
ordinary  paste  kind. 

WASHING-MACHINE,  in  the  common  acceptation  of  the  term,  is  an 
apparatus  for  cleansing  linen,  cloth,  and  various  fabrics ;  there  is  a  great  diver- 
ntv  of  them,  but  one  or  two  that  we  shall  describe  will,  in  a  great  measure, 
affiyrd  an  idea  of  the  generality.  In  the  annexed  figure  is  given  %  section  of 
Mr.  Flint's  Patent  Machine  for  cleansing  woollen  cloths  from  dirt,  and  their 
excess  of  colouring  matter,  after  having  been  dyed.  « e  is  the  section  of  a 
water  trough,  filled  with  water  up  to  the  pipe /by  which  it  is  supplied  ;  b  is 
an  inner  vessel  for  receiving  the  dirt  ana  the  colouring  matter,  as  it  falls 
from  the  cloth  between  the  two  cylinders  d  d^  when  pressed  b^  the  acticm 
of  the  upper  cylinder.  These  cylinders  are  made  of  wood,  with  reeds  or 
flutes  along  their  peripheries,  and  revolve  upon  their  axles,  in  bearings  fixed  in 
the  sides  of  ^e  trough,  which  cannot  be  shown  in  this  view.  The  doth  c  is 
put  over  the  two  lower  cylinders  (as  a  round  towel)  in  an  endless  coil ;  ^km 
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nljodn*  arc  pot  in  nwtian,  by  gaM  or  b^  bwda  from  wij  adaquta  firtt  moT^k 
B^  thii  aiTaii||«iiiB>it  111*  doth  ii  gMllypwadbahreta  theflutwpt  Tibaof  flip 
malTing  ejhaien,  pUNUg  tliro^  Iha  tM^j  watm  beUw  in  cuf  fiildi,  wkUf 


dkeextnuMKU  ctdouiitig  matter  and  dirt  fUU  and  ii  collected  io  the  inncTTCitcl, 
frtaeiviag  the  watBr  in  the  outer  Teaiel  from  a  great  propwlicni  of  the  foulnew 
which  it  WMdd  otherwiie  acquire. 

A  few  yaa  ago,  Ur.  Bullman,  of  Leeda,  wboae  patent  mangle  ire  haw 
daaciibed,  took  out  a  patent  alao  for  a  waihiiigand  wringing  machine,  comluned 


^=&—         & 


I-:'/,' 


v^_ 


in  one  appantm ;  the  prindpal  anawetneati  of  which  will  be  nndentood  )w 
MltMBC«  to  the  abore  dimraai.  llr.  Bullman  jortlf  atatea  that  the  ordinaij 
pnMia  of  wringing  ia  paaaSariydaatmetive  of  linea  ^ipaial,  e^edaUj  aoeh  m 
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are  of  a  delicate  texture ;  and,  to  olmate  thk  defeet^  be  camea  die  finaa  te  W 
paieed  from  the  waehmf  machine  between  roUen  which  eqneese  bj  nnpk 
preeiure  Uie  water  out  of  them,  lo  ae  to  make  them  nearly  dry. 

a  is  Uie  yeiiel  holdine  the  dothee  and  water,  standing  xxpoa  etout  lege  &  i :  it 
hat  a  circularly  cunred  bottom,  to  accommodate  the  action  of  an  ***i*nifiting 
beating  frame  which  is  put  in  motion  by  the  cross  handle  e,  and  toma  apoa  a 
iiilcrum  at  d.  The  lines  at  e  are  intended  to  represent  some  of  the  dotbes^ 
supposed  to  be  washed,  being  taken  up  out  of  the  Teisel  by  means  of  the  roUers/^, 
between  which  they  are  compressed  as  they  emerse  from  the  veaseL  The  axis 
of  the  roller  g  carries  a  toothed  wheel  A,  operatea  upon  by  a  small  pinion  t,  by 
turning  the  winch  k.  The  rollers  are  duly  provided  with  apparatus  to  adjoat  their 
distance  from  each  other,  by  which  the  flressure  is  of  course  regulated ;  and  they 
are  coyered  with  two  or  three  coils  of  flannel,  to  give  ekstidty  to  the  presnre, 
and  prevent  injury  to  the  iabric  We  have  seen  the  machine  in  action,  and  it 
seems  to  do  its  duty  very  welL  The  patentee  nyn,  that  by  the  nae  of  tiie 
wringing  apparatus  alone,  linen  will  last  twice  as  long  as  when  wrong  in  the 
usual  manner.  Washing  machines  for  other  processes  ate  described  tinder  the 
subjects  to  which  they  relate. 

WATER.  A  transparent  fluid  without  colour,  smell,  or  taste,  and  compireMible 
only  in  a  very  slight  degree ;  when  pure,  not  liable  to  sfKmtaneous  change ;  liquid 
at  the  common  temperature  of  our  atmosphere,  assuming  a  solid  form  at  32*  of 
Fahr.  and  agaseous  state  at  21 2®  Fahr^  but  returning  unaltered  toita  liquid  state 
on  resuming  any  degree  of  heat  between  these  points.     Water  ia  capable  of 
dissolving  a  greater  number  of  natural  bodies  than  any  other  fluid  whatever,  and 
especially  those  known  by  the  name  of  the  saline ;  performing  the  moat  im- 
portant functions  in  the  animal  and  vegetable  kingdoms,  and  entering  largely 
mto  their  compositions  as  a  constituent  part ;  water  exists  therefore  in  three 
different  states :  in  the  solid  state  or  state  of  ice,  in  the  liquid,  and  in  the  state 
of  vapour  or  steam.     It  assumes  the  solid  form,  as  observed  above,  when  cooled 
down  to  the  temperature  of  32®,  in  which  state  it  increases  in  bulk,  and  hence 
exerts  a  prodigious  expansive  force,  owing  to  the  new  arrangement  of  its  parti- 
cles, which  assume  a  crjrstalline  form,  the  crystals  crossing  each  other  at  an  angle 
of  60>  or  1200.    The  specific  gravity  of  ice  is  therefore  less  than  that  of  water. 
When  ice  is  exposed  to  a  temperature  above  32®,  it  absorbs  caloric,  which  then 
becomes  latent,  and  is  converted  into  a  liquid  state,  or  that  of  water.     At  the 
temperature  of  42o  5^  water  is  at  its  maximum  of  density ;   and  according  to 
some  accurate  experiments  upon  water  in  this  state,  a  French  cubic  foot  of  it 
weighs  70  pounds  223  grains  French,  which  is  equal  to  529452.9492  troy  grains. 
An  English  cubic  foot,  at  the  same  temperature,  weighs  437102.4946  grains 
troy.     By  professor  Robinson's  experiments,  it  is  ascertained  that  a  cubic  foot 
of  water,  at  the  temperature  of  55o,  weishs  998.74  avoirdupois  ounces,  of 
437.5  erains  troy  each,  or  about  H  ounce  kss  than  1000  ounces  avoirdupois, 
which  latter,  however,  is  the  usual  estimate.     When  water  is  exposed  to  the 
temperature  of  212o,  it  boils ;  and  if  this  temperature  be  continued,  the  whole 
is  converted  into  elastic  vapour  or  steam.     In  this  state  it  expands  to  about 
1600  times  its  bulk  when  in  the  state  of  water,  which  shows  what  an  astonishing 
expansive  force  it  must  exert  when  it  is  confined ;  and  hence  its  application  to  the 
steam  engine,  of  which  it  is  the  moving  power.  Water  was  formeny  considered  aa 
a  simple  elementary  substance,  and  the  contrary  was  not  satisfactorily  ascertained 
till  towards  the  end  of  the  eighteenth  century,  when  it  was  found  that  100  parts, 
by  weight,  of  water  is  composed  of  85  parts  of  oxygen  gas,  and  15  of  hydrogen 
gas.     In  the  common  tables  of  specific  gravities,  that  of  water  is  assumed 
as  1.000,  or  the  unit  of  measurement,  because,  as  has  been  already  observed,  a 
cubic  foot  of  water  weighs  very  nearly  1000  ounces ;  it  follows,  therefore,  that 
the  number  expressed  in  the  table  as  the  specific  gravity  of  any  other  substance, 
gives  also  the  real  weight  of  a  cubic  foot  of  such  substance. 

WATER,  boring  for.     See  Borino  the  Earth. 

WATER-CLOSET.  It  was  not  until  that  important  little  contrivance,  called 
the  water  lute  or  aii^trap  was  invented,  (which  we  have  described  under  the  laa^ 
mentioned  designation)  that  private  dwellings  could  be  even  partially  secured 
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cSutU  ;  but  however  eicdlmt  mn  ba 
neglect  or  gran  mhmamgemaiit,  iU  i^cx 


leof  uupleu 

iTsntian,  bv  neglect  or  groa  mumuueeini 
1  m  greaCei  evil  ibmn  a  benefit,  until  the  lite  ingeniaui  Mr 
Bnunah  deviied  the  appmratus,  now  termed  a  irater-cloiet.  Succeeding  inge- 
nimu  men  materiallf  improTcd  it,  and  have  given  to  it  a  Tarie^  of  fomu  and 
modificfttiona.  Oat  of  the  manj  praaented  to  our  notice,  we  have  lelected  lhre« 
tat  deicription  in  thii  place,  which  appear  to  ni  to  be  deaerriug  of  publia 


(••tnwap, 
inrmtadb 


The  flnt  ws  ahaD  mention  b  Om  patnt  aelAaetiiw  watar-clow^ 
If  Mr.  J.  Downey  of  ITigh  Holboni.    It  b  pot  inla  oftrkdon  Ij  th« 
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remoral  of  ftht  penon'i  weight  from  Uieteaty  to  u  to  bemtMjr  ictf-actiDgp 
indmodent  of  the  usual  fttteDtkm  of  lettinf  on  the  water. 

« in  the  fef^oing  eugiavhig  repreieata  the  water  taatmn,  placed  aa  ukqmI  at  • 
•ii£Bcient  eleration  ahore  the  doeet  to  give  the  water  an  impetna ;  h  is  tlia 
aenrice  hox,  for  regulating  the  supply ;  water  enters  it  hy  the  valve  e,  and  air 
hy  the  pipe  d;  e  is  a  smul  lever  hy  which  a  commnnieation  between  die  Talwm 
t  and  tne  machinery  n  effected,*  as  may  be  seen  by  the  wires,  extendine  finoaa 
one  end  of  it  down  the  pipe  d,  and  from  the  other  to  the  cranks  o  o  o // ia  the 
pipe  by  which  the  water  is  supplied  to  the  basin  ff;  t  is  a  pushing  rod  attached  to 
the  seat,  which  is  hinged  at  the  back  to  a  projection  from  the  axia  of  a  lone 
lever  k,  so  that  when  a  person's  weight  n  placed  upon  the  seat»  the  left  hand 
end  of  the  lever  is  pushed  down  till  the  pendant  link  at  b  catches  the  hooked 
end  of  a  one-armed  lever  as  represented  in  the  figure.  Now  it  will  he  obeerved 
that  when  the  person's  weight  is  removed  from  Uie  seat,  the  balance  weight  k 
will  descend  and  raise  the  Unk  6,  and  with  it  the  hooked  lever  which  ia  attached 
by  a  looped  connecting  link,  to  a  toothed  sector  movaUe  [on  an  aada  which  ia 
connected  to,  and  turns  back  the  soil  pan,  when  the  wator  is  let  on  hf  the  ele- 
vation of  the  lever.  When  the  upper  lever  rises  to  its  greatest  eleration,  the 
pendant  link  b  slips  off  the  hookea  end  of  the  lower  lever,  whidi  then,  by  a 
counterpoise  attached  to  the  toothed  sector,  is  brought  back  to  ite  stationary 
position,  at  the  same  time  shutting  the  valve  c,  and  returning  the  aoU  pan  to 
take  in  the  bottom  of  the  basin.  The  quantity  of  water  contained  in  die  serrice 
box,  when  its  valve  is  shut,  descends  into  the  basin  and  fills  up  the  aoil  pan  and 
the  lower  part  of  the  basin,  thus  preventing  any  eaei^pe  of  effluvia  ttom  the  aoil 
pipes.  The  use  of  the  fly  wheel,  which  is  put  in  motion  by  the  toolibed  sector 
acting  on  a  small  pinion  fixed  on  its  axis,  is  to  prevent  hy  its  inertia  the  water 
from  being  too  suadenly  shut  off  when  the  lower  lever  is  liberated. 

This  doset,  though  somewhat  complicated  in  appearance,  is  reaHy  simple  in 
ite  action,  and,  as  manufactured  by  the  patentee,  not  very  liable  to  derangement. 

Beacham's  patent  water-closet,  is  of  the  porteble  kind.  It  represents,  in  ite 
external  appearance,  an  ornamental  piece  of  cabinet-work.  Our  drawing  and 
description  nas  of  course  only  reference  to  the  interior.  The  construction  ia  seen 
by  the  annexed  diagram,  a  it  the  haaiD,  b  the  trap  or  valve  at  the  bottom,  e  a 
piece  of  brass  affixed  to  the  bottom  of 
the  valve,  acting  as  a  lever  for  opening  or 
shutting  the  same,  its  fulcrum  being  on 
a  fixed  axis  in  two  upright  brass  stems, 
one  of  which  is  shown  at  dl.  The  latter 
are  affixed  to  tiie  metallic  casing  which 
encloses  the  basin,  and  thus  forms  a  sup- 
porting firame-work  for  this  part  of  the 
apparatus.  The  lower  ends  of  the  stem 
d  form  two  circular  checks  e,  for  en- 
closing a  convoluted  spring  of  a  cylin- 
drical form,  like  the  usual  door  spring; 
but  instead  of  steel,  it  is  made  of  tough 
hammer-hardefted  brass,  which  poe> 
sesses,  when  cofled  up,  considerable 
elasticity,  and  is  not  destroyed  or  in- 
jured like  steel  by  rapid  corrosion.  To 
the  spring  is  attached  a  stem,  carrying 
an  anti-mction  roller,  which  presses 

against  e  with  the  requisite  force  to  keep  the  valve  b  shut;  this  fbiGe  may  at  any 
time  be  regulated  in  a  minute,  by  means  of  a  screw  on  iht  oppoiito  side  of  the 
harrel  or  spring ;  if  turned  with  a  screw-driver  in  one  direction,  die  force  of  the 
spring  is  increased,  and  if  in  the  reverse  direction,  it  is  relaxed ;  and  it  is  fixed 
to  the  required  degree  by  the  pall  falling  into  the  teeth  of  the  ratehet-wheel, 
shown  in  the  centre  of  e.  The  method  of  working  the  valve  by  the  action  of 
tins  spring,  is  the  essential  and  valuable  part  of  the  mvention,  and  it  ia  that  on 
whiflh  the  claim  of  patent-right  depends.    'Pie  little  roller,  it  will  ha  obaarvs^ 
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doa  not  act  upon  a  borwuiUl  pUin  MufaM,  aor  agiiMt  wm  iMdmad  pboi^ 
but  it  nuu  upon  tlie  curved  or  codtcx  ur&o*  tt  tlw  and  of  ih*  piece  *;  Hm 
effect  of  which  k,  that  when  the  tnp  or  *al*e  n  opened  In  the  wtwbt  ti  tb* 
coDtcDti  of  the  bauD,  or  by  water  from  the  pump,  lb*  ton»  of  Oa  ifring 
gently  relaiei,  inetead  of  incrcBBQg,  pennilxinf  it  to  open  wide,  and  be  llMMgUy 
deanad ;  and  the  Talve,  u  it  retumi,  beins  oparatad  upon  bf  Iba  JHrnaaing 
force  of  the  ipring,  u  thereby  ihut  up  Tery  cloiely.  Thii  mode  of  rmilitiBg  dM 
preinire  ii  ingenioai,  and  produeea  that  muibrmi^  and  fiwtihlj  nf  rffiirl  in  iinfh 
desired;  without  wluch,  indeed,  a  machiDa  of  the  kind  ii  >  Muaanca  inatiiail 
of  a  conrenienee.  The  dotted  lioet  ibow  the  naoner  in  wUeh  di*  qi^aratai  ii 
dit^ped  into  a  paiL  The  Aoubls  rim  of  At  latter  ia  taada  to  «oatau  a  Utila 
water,  fonnin^  a  tittle  canal  all  roond,  andtbepraeelin^rimaf  ibafannar  Mac 
imroened  in  i^  an  air-t^ht  joint  i«  Ihua  prodnoa^  wbiehpeawnli  Ae  iMif »  m 
effluTia.  The  pail,  ftc  la  eudoead  in  nttbogmf  or  other  cam,  wiuaght  a»  aa 
to  represent  rariooi  ertideaof  the  fbnutureMTanMn)  in  tbennal  way. 

Another  very  ipgcniootcontriYanca  adapted  to  ha  mad  tn  a  honae^  but  eroeci^ly 
calculated  for  ihip-boanl,  wai  invented  bj  Mr.Downlon,  Bh^wall]  Aeaoll  ban^ 
'  it  by  meani  of  an  air^nrap^  io  that  ila  peribot  opwtion  may  b« 

ly  Mtualion,  above  ai  well  aa  below  the  mrboa  at  At  water. 

nb;  Btheair-piMipiOntheraieingcf  tbepirtaaof  wbid  ' 
IbiMMih  Aebeni 


openi,  tnnHigb  which  the  aoit  Ii  drirOi  and  along  Aa  pipe  D  to  the  required 
dittance,  the  loil  beingpreventedfroufetnnungby  tbacMagof  the  valve  at  C. 
In  the  upper  part  of  the  baaMi  ibeta  k  ■  Bnall  pipe  leading  into  the  up[ter  part 
of  the  cylinder,  where  a  valve  openi  inward*;  oooMqnenUy,  b  deprMnng  tba 
piston,  the  foul  air  ii  drawn  rrooi  the  baaoniolo  the  c^indar,  and  ca  railing  tbe 
'  '  '  ir  i*  forced  out  of  the  cylinder  by  tne  large  bent  tube  ihown, 
"  ""  -'  punp  lever  the  ninal  cranki  are  connected 
r,  M^iplied  by  the  imall  pipe  whlcb  ii  (hown 
bent  loun^  Iba  cylinder. 

WATEIUCOLOUBS.     Pigment!  in  which  water  ia  employed  at  the  vehicle 
for  painting  with,  ia  contradiAietion  to  ail-oolourt|  wheram  oil  b  the  vehicle  - 


the  colouring  matter*  are  the  nme  in  both  caaea.  For  watet^«alour  painting, 
the  pigment!  are  grmnd  extrcmdy  floe,  and  made  up  into  el^anl  little  aiua, 
with  mucilay  or  gelatine,  aadmnbefaAdatlbepcinapalenlanribapauia  AH 
of  neat  ponty  and  haanty.     Sea  PatHTno. 

WATEEUHILL,  i«  a  general  term  applied  to  all  milli  moved  by  tba  fin* 
or  WMgbtof  water;  many  of  the  mill*  or  machinery  detcribed  In  the  eonne  of  Ibit 
work  would  be  populariy  called  by  the  indeftidte  tena,  water-tnilli.     Now,  tba 
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of  eommaaicatiiig  the  hnpohe  of  water  to  the  driniig  of  machinerjr 
wiotti;  MNne  of  these  are  deimbed  under  the  head  HrDEAULio-lfACHnns ; 
aad  aoMiigit  them  one  of  great  exceileoce,  denommated  the  "  Statical  Hydrmlie 
Eraiae ;"  and  all  that  we  bare  to  add  to  the  subject  in  thb  part  of  tne  work. 
wiU  properly  fall  under  the  designation  of  WATEa-WHEELS,  given  in  the  sub- 
joined aitide :  as  it  is  bj  the  application  of  water-wheels  that  miUs  become 
water-mills. 

WATERr WHEEL,  in  the  common  acceptation  of  the  term,  is  an  instmment 
by  iriiieh  the  moring  force  of  water  is  employed  to  communicate  motion  to 
maehinenr;  there  is,  however,  another  class  of  wster-wheds,  commonly  called 
paddies,  in  which  the  water  is  employed  as  a  stationary  resisting  force.  The 
LmI  mentioned  dass  is  described  under  the  head  of  Steam- Vessels,  in  which  it 
forms  the  most  conspicuous  feature.  Under  the  present  section  we  therefore 
confine  our  notice  to  the  first-mentioned  dass  of  water-wheels,  of  which  there 
are  three  distinct  kinds,  namely,  the  mulenhot,  the  overthoij  and  the  bretut-wheti. 
(Then  is  usually  described  in  books  upon  the  subject,  a  fourth  kind,  called  the 
hamtmial  wheel ;  but  it  is  so  disadyantageous  an  arrangement,  compared  to 
the  three  first  mentioned  kinds,  that  we  shall  ezdude  it  fi!om  our  description. 

The  undershot  water-wheel  is  that  commonly  used  in  liyers  and  streama,  and 
is  by  frr  the  most  ancient  kind ;  it  requires  no  other  fall  or  inclination  of  tlM 
stream  than  may  be  suflldent  to  produce  a  rapid  progresnTe  motion  on  it ;  and  aa 
it  acts  chiefly  by  the  momentum  of  the  water, — its  positive  weight  being  scarcely 
called  into  action, — ^it  is  only  fit  to  be  used  where  there  is  a  profusion  of  water 
always  in  motion.  This  wheel  has,  however,  the  advantage  of  oeing  the  cheapest 
of  all  water-wheeU,  and  is  more  applicable  to  rivers  in  their  natural  state  tnan 
any  other  form.  It  likewise  works  equally  well  whether  the  water  acta  upon 
the  one  or  the  other  side  of  its  float-boards  ^  which  renders  it  particulariy  applica- 
ble to  tide  rivers,  where  the  current  changes  firom  one  direction  to  the  oppoaite 
one  at  ebb  and  flood.  There  are,  however,  some  practical  disadvancages  attend- 
ing this  form  of  whed,  when  made  of  small  diameter,  or  the  iocreaae  of  water 
causes  a  large  whed  to  be  immersed  too  deeplv.  In  dther  case  the  effect  ia 
siniilar.    Xiet  us  first  suppose  that  the  whed  MiiMiated  bemrtb,  is  immersed 


m  water  up  'to  the  dotted  line  ah;  the  float^^ioard  h  would  press  downward 
upon  the  water,  while  that  at  o,  on  the  opposite  side,  would  press  the  water 
upward  ;  now  these  two  resisting  forces  combined,  together  with  the  un- 
avoidable friction  of  the  machinery,  would  almost  neutralize  the  whole  (broe 
that  mi^ht  be  derived  from  the  current,  if  the  water  line  was  above  tha 
dotted  line  c  d.    Now  in  the  other  case  of  a  wheel  of  small  diameter,  such  as 


wbed,  h  win  be  endcnt  that  m  leMDomtMioffimtawill  bemuneifedoieipowd 
to  the  action  "^  ^^  coirent ;  coDtequently,  they  will  Mmme  the  lame  nnfavonr- 
ablo  poMtion  ai  hat  been  dmcribed,  hy  the  deep  immeinoD  of  the  large  wheel ; 
and  that,  were  the  unall  wheel  immened  up  to  the  line  a  b,  which  ii  even  with  it* 
axil,  it  would  not  more  at  all,  ai  the  force  or  wseht  of  water  on  each  aide 
would  be  exactly  balanced.  Penons  but  little  ikflled  iu  the  principlei  at 
mechanic*,  have  attempted  to  gain  an  advantage,  by  placiog  the  float-boaida 
taogentiatlj  to  the  circle,  to  that  the  floati  ihall  leaee  the  water  edgewaji,  and 
not  lift  it  up  at  an,  ai  in  the  one  we  hare  figured ;  omittiiig  to  notice,  ot  give 
due  weight  to  the  fact,  that  the  floati  which  are  entering  the  water  on  the  oppo- 
aite  mde  of  inch  a  wheel  are,  in  conieqaence,  pouted  lo  ai  to  itrike  againU  the 
water  with  their  broad  eidea,  which  thereby  coimterbalance  the  adTantase  gained 
on  the  other ;  and  we  lubmit  to  the  conaideTation  of  thoae  mechanic!  who  prefer 
the  tangeotia]  to  the  radial  poiitian  of  the  floats,  that  it  ii  leM  deatruetiTe  to  the 
wheel  and  all  the  mechaniim  to  which  it  may  be  conileeted,  to  receive  two  equal 
concuMoni  of  imall  force  on  oppneite  reiiiting  aidet  of  the  wheel,  than  <«ie  e<M>- 
etumon  of  double  theforceupon  only  one  dde  of  the  wheel ;  the  dheet  teudoncy, 
it  appear*  to  ua,  ia  to  break  ttie  annf  of  the  wheel,  cloee  to  the  azia.  Whenever 
the  weight  and  moLon  of  water  can  be  made  nae  of  a*  well  at  ha  momentum, 
much  greater  effect*  can  be  produced  lh«n  the  lait  deacribed  machine  U  aqtabla 
of,  and  with  a  much  leu  laviih  expenditure  of  the  fluid,  for  then  iti  utmoat 
power*  of  action  are  brought  into  play  at  once ;  and  accordingly,  thoee  water- 
wheel*  that  are  diitinguiabedhy  ihenameof  breaat-wheeb,  andovenhot  whee}^ 
wilt  produce  much  greater  power,  wiih  a  much  let*  lupply  of  water,  then  the 
undershot  wheel  already  deacribed.  Both  theie  wheeti,liowever,  requireacon- 
■iderable  fall  in  the  atream  upon  which  they  are  placed,  and  coniequently  de- 
*troj  it  for  the  purposes  of  navigation,  unlesa  that  ingenion*  hydraulic  contri- 
vance, the  CiNAL  LocE,  be  resorted  to,  by  mean*  of  which  har^  or  veatel*  of 
any  magnitude  may  be  transported  from  one  level  to  another  without  difficult, 
and  with  reiy  little  Iom  of  time.     The  over-ihot  watei^^heel,  which  of  all  othen 


give*  the  greatest  power  with  the  least  expense  of  water,  require*  a  fall  in  th« 
stream  equal  to  rather  more  than  it*  own  diameter ;  therefore  il  is  cuatomary  U 
give  this  dcscriptioii  of  wheel  a  greater  length  in  fiopottioo  lo  ila  beight  Aan  it 


wtH  iccaliiBd  dKR  it  ■ovedj  a  drop  of 


Hot  uemlj  ooc-AWof 


;aBd  ftooi  tke 


koriitof  &a  being  Ike 
donbk  d»  cftcC  c?  the  vader^koC 

and  nay  be 
In  tlM»tike 
flf jBHHBg  over  tike  lop  of  d»  vKed,  or  entirelj  beneath  k,  it  dfliifnd 
bilM  ■■■  lyif.  or  ndierbdow  the  lerel  of  the  axk;  and  d» 
npoa  whieli  the  water  deicendi  u  boih  in  a  dmdar  fionn,  havii^  tke 
ee^ie  vith  the  wheel  iteel(  ao  as  to  make  il  panAel  to  tha 


adgcfl  of  the  float-hoardi,  or  exUeiue  drenmference  of  the  whe^  This  «.«.^ 
■traction  k  ihown  in  the  above  figure,  which  repretcnts  a  side-view  of  a  wheel, 
Ibrmed  with  float-boards  in  the  same  manner  as  the  undershot  wheel ;  but  in- 
stead of  the  water  acting  upon  its  lower  part,  it  is  introduced  mpon  it  nudwrn 
by  the  shnce  or  pen-stock,  which,  bv  rising  or  falling,  permits  a  greater  or  * 
^uantiij  of  water  ftp  act  on  the  wheel;   and  as  the  floofr4wards  are 
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fit  as  accurately  as  possible,  without  contact^  Into  the  eiroular  hollow  of  the  brick- 
work, no  water  can  escape  past  the  wheel,  without  producing  its  proportionate  effect 
Mr.  Smeaton  states,  that  all  wheels  by  which  the  water  is  prevented  from 
descending,  unless  the  wheel  moTes  therewith,  are  to  be  considered  of  the  nature 
of  orer-shot  wheels,  haying  power  in  proportion  to  the  perpendicular  height 
from  which  the  water  descends;  while  all  those  that  receive  the  impulse  or 
shock  of  the  water,  whether  in  an  horisontal,  perpendicular,  or  oblique  dnreetion, 
are  to  be  considered  as  under^ots.  Hie  breast-wheel  is  nearly  allied  to  die 
over-shot ;  for  notwithstanding  it  has  only  float-boards,  instead  ii  buckets,  yet 
as  die  mUl-course  Is  made  concentric  to  the  outside  of  tfie  wheel,  and  is  not 
only  there,  but  at  the  two  sides,  made  as  dose  as  oonvenieiity  so  as  to  prevent 
the  escape  of  water  as  effectually  as  possible,  the  spaces  between  one  float-board 
and  another,  become  buckets  for  the  time  being,  and  retain  the  water,  and  draa 
the  breast-wheel  is  not  only  impelled  by  die  we^t  of  water,  but  by  its  impetua 
or  momentum  also;  for  the  water  is  so  confined,  as  to  be  incapable  of  splashing 
or  being  lost,  and  consequendy,  its  moving  force  may  be  exerted  to  great  advan- 
ti^.  Notwithstanding  this  apparent  superiority,  still  die  breast-whed  is,  in 
effect,  vastly  inferior  to  the  ovei^ot  wheel,  not  only  on  account  of  the  smaller 
height  at  which  die  water  is  supplied,  but  firom  the  waste  with  which  ft  must 
id  ways  be  attended,  even  under  circumstances  of  the  most  perfect  workmanship. 
When  well-constructed,  and  doselv  built  in,  its  effect,  accormng  to  Mr.  Smeaton, 
should  be  the  same  as  an  under-shot  whed,  whose  head  of  water  is  equal  to  the 
difference  of  levd  between  the  surftce  of  the  stream  and  the  point  where  It 
strikes  the  wheel,  added  to  the  efl^  of  an  over-shot  wheel,  whose  height  is 
equal  to  die  distance  from  the  striking  point,  to  the  tail-water  of  the  mill,  or 
that  which  runs  to  waste.  This  is,  however,  on  the  presumption  that  die  wheel 
receives  the  impulse  of  the  water  at  right  angles  to  its  radii,  and  that  every 
thing  is  constructed  to  the  best  advantage.  In  practice,  it  is  found  that  the 
breast-wheel  consumes  about  douUe  the  quantity  of  water  that  tibe  over-shot 
wheel  requires,  to  do  the  same  quantity  of  work,  when  all  things  are  alike, — that 
is  to  say,  the  diameter  and  breadth  of  die  wheel,  number  of  float-boards,  drc.,^ 
though  from  dieory  and  calculation,  it  should  rather  do  more ;  for  Lambert,  and 
others  who  have  written  on  this  subject,  attempt  to  demonstrate,  that  the  power 
of  the  over-shot,  to  that  of  the  breast- wheel,  is  as  thirteen  to  five;  but  tnis  is 
upon  a  supposition,  that  no  water  escapes  ineflfectually,  iHUch  is  utterly  impos- 
sible in  practice.  In  order  to  permit  any  of  the  above  wheels  to  work  with 
freedom,  and  to  the  greatest  advantage,  it  is  absolutely  necessary  that  the  tail- 
water,  as  it  is  called,  or  that  which  is  discharged  from  the  bottom  of  the  wheel, 
after  it  has  produced  its  effect,  should  have  an  uninterrupted  passage  to  run 
awav ;  for  whenever  diis  is  not  the  case,  it  accumulates,  and  forms  a  resistance 
to  the  float-boards, — and  consequendy,  abstracts  considerably  from  the  velocity 
and  power  of  die  wheel,  sometimes  indeed  to  so  great  an  extent,  as  to  prevent 
its  working  altogether.  One  of  the  simplest  and  most  effectual  means  of  remov- 
ing this  inconvenience,  (says  the  author  of  die  TVetdke  <m  HydrtmUa^  in  die 
"  iibrary  of  Uteful  Knowleubfe"  for  whose  observations  we  are  largely  indebted 
in  the  present  artide,)  is  by  an  expedient,  not  much  known  or  practised,  and 
which  consists  of  formine  two  dnins  or  tunnels  throueh  the  orickwork  or 
masonry,  at  each  side  of  me  water-wheel,  whatever  may  be  its  construction,  so 
as  to  permit  a  portion  of  the  upper  water  to  flow  down  into  the  tail  or  lower 
stream  immediately  in  fivnt  of  the  whed.  The  water  thus  brought  down  with 
great  impetuosity,  drives  the  tail-water  before  it,  in  such  a  manner  as  to  form 
a  basin  or  hollow  place,  in. which  the  whed  can  work  free  from  interruption, 
even  if  the  natural  state  of  the  water  were  such  as  might  prcduce  a  tailmg  of 
from  twelve  to  eifi4iteen  inches,  widiout  this  assistance.  And  since  the  tailing 
of  mill-streams  only  occurs  in  the  winter  seasons,  or  at  times  when  there  is  a 
profusion  of  water,  so  the  quantity  that  is  thus  thrown  away  without  operating 
upon  the  wheel,  can  be  spared  without  inconvenience.  Each  of  the  orains  or 
tunnels  is  fiimished  with  a  duice-gate  or  pen-stock  at  its  upper  end,  by  which 
the  quantity  and  impetus  of  the  water  can  lie  regulated  at  pleasure,  or  die  whde 
be  shut  o^  whenever  water  happens  to  be  scarce. 


S6S  WATEBrWHEEL. 

Tilt  UiTM  TarwCiei  of  water-wlieeb  already  noticed,  are  the  only  onea  gene- 
itJlj  admitted  into  praetioe,  and  they  do  not  admit  of  much  improTemoit,  nnca 
their  principles  must  always  remain  the  same.     The  orer-shot  whe^  has, 
perhaps,  been  brought  nearer  to  perfection  than  any  of  the  others,  by  the  con- 
trivance of  Peter  Nonaille,  Esq.  who,  in  a  mill  that  he  has  near  Seven  Oaka,  in 
Kent,  has  caused  the  water  to  revert  back  again  from  the  top  of  the  whed» 
mstead  of  passing  over  it ;  and  in  thu  way  a  much  greater  pottioik  of  the  cir* 
cumference  of  i£e  wheel  is  broiwht  into  action  than  is  generally  the  case. 
Other  improvements  or  variations  m  the  form  and  constnictiaQ  of  water-wheda, 
have  bMn  contrived  by  Mr.  Beauit,  Mr.  Smart,  Mr.  Perkins,  and  othera,  which 
will  be  found  described  in  the  IV4auaciiom  of  tike  Soekiyfor  ti€  JEmetmragetmemi 
if  ArU,  Mamufaetitm^  and  Commerce;  the  object  of  them  principally  being  to 
obtain  as  much  force  as  possible  from  the  water,  by  arranging  die  Ibrma  ef  the 
buckets  or  float-boards,  in  such  manner  that  they  may  receive  the  greatest  in^pnlse 
or  retain  the  greatest  quantity  of  water,  which  is  of  great  importance,  paxtica- 
lariy  in  the  construction  of  under-shot  wheels,  which  act  by  the  impulae  of  tibe 
water  alone.    The  overshot  wheel  depends  entirely  on  the  wdght  of  the  water 
delivered  into  its  buckets,  which  ought,  therefore,  to  be  as  oqiacioaa  aa  they 
can  conveniently  be  made, — not  only  that  they  may  contain  as  moch  water  aa 
possible,  but  allow  ample  room  for  the  discharge  of  the  air  that  will  be  thrown 
mto  them  with  the  water,  as  well  as  for  the  delivery  of  that  water,  when  done 
with.    From  the  nature  of  a  water-wheel,  it  will  be  erident,  that  if  it  had  no 
work  to  perform,  or  resistance  to  overcome,  it  would  move  with  the  same 
velocity  as  the  stream  that  drives  it;  while,  on  the  contraiy,^ if  it  waa  loaded 
with  a  ouantity  of  resistance,  equal  to  the  power  of  the  stream,  it  could  not  move 
at  all :  hence,  every  d^ee  of  resistance  between  these  extremes,  will  pvodoee 
its  proportionate  retardation  of  the  wheel;  and  from  accurate  experiments  whidi 
have  been  tried,  it  has  been  determined,  that  an  undei^shot  wheel  does  its  maxi- 
mum quantity  of  work,  when  its  circumference  moves  with  between  one-half 
and  one-third  of  the  velocity  of  the  stream  that  drives  iL    The  over-ahot  wheel 
cannot  be  so  influenced  by  the  velocity  of  the  water,  because  it  reauirea  all  its 
buckets  or  cells  to  be  filled  in  succession ;  and  Mr.  Smeaton  has  aetermined, 
that  the  best  velocity  to  effect  the  above  purpose,  is  three  feet  in  a  aecond. 
Having,  therefore,  previously  determined   the  quantity  of  water  which  the 
stream  will  deliver  in  a  given  time,  it  becomes  a  matter  of  easy  calculation  to 
determine  the  length  and  capacity  of  the  buckets  which  shall  be  capable  of 
canying  off  the  water  at  that  velocity.    Thus,  for  example,  if  the  stream  is  foond 
to  deliver  ninety-six  gallons  per  second,  and  it  is  aetermined  to  make  the 
buckets  on  the  wheel  six  inches  apart  from  one  partition  to  another,  and  fifteen 
inches  deep,  then  six  such  buckets  will  be  contained  in  ^veiy  three  jfeet  of  the 
wheel;  therefore,  ninety-six  gallons  must  be  divided  by  six  bucketa»  whidi 
gives  sixteen  gallons  for  the  contents  of  each.     It  will,  therefore,  only  remain 
to  be  determined,  how  long  a  vessel  of  six  inches  wide,  and  fifteen  incfaea  deep^ 
must  be,  to  contain  sixteen  gallons,  and  this  will,  of  course,  give  the  necessary 
width  of  the  wheel,  while  the  number  of  buckets  must  depend  upon  the  cireiim- 
ference,  which  is  always  limited  by  the  diameter,  being^^the  extreme  height,  (if 
necessary,)  that  can  bie  obtained  in  the  fall  of  water ;  for  the  larger  the  wheel, 
the  greater  will  be  the  power  derived  from  it,  provided  a  due  velocity  can  be 
maintained  at  the  same  time ;  because  the  power  of  water  on  wheels,  is  as  the 
square  root  of  the  height  it  falls  through,  it  being  regulated  by  the  aame  lawa 
as  apply  to  solid  bodies  in  falling.    The  power  of  every  wheel,  of  course,  dependa 
upon  the  quantity  of  water  thrown  upon  it,  and  the  height  fi^m  which  it  naa  to 
fall ;  but  as  every  bucket  must  be  filled,  or  every  float-bou*d  struck  by  the  water 
in  succession,  so,  of  course,  if  the  wheel  is  too  large,  it  will  move  too  slowly  for 
the  purpose  for  which  it  is  intended ;  and,  in  this  case,  the  speed  must  be  raised 
by  cog-wheels  within  the  mill,  which,  on  the  common  principle  of  mechanic^ 
must  dissipate  the  power  intended  to  be  gained  by  the  magnitude  of  the  water- 
wheel.     Hence,  great  attention  should  1^  paid  in  the  construction  of  mills,  to 
let  the  size  of  the  water-wheel  be  well-proportioned,  not  only  to  the  velocity  of 
the  stream,  but  to  the  speed  of  the  work  it  is  required  to  perform ;  and  this  nmf 
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always  be  accompliahecl  without  waste  or  difference  of  power,  by  mmg  a  wider 
whed  of  small  diameter,  where  great  speed  is  necessary,  or  a.  narrow  wheel  ot 
great  diameter,  when  this  is  not  essentiaL  In  every  case,  the  ftill  power  of  a 
stream  should  be  taken  advantage  o(  in  the  first  erection  of  a  miH,  because  it 
is  a  troublesome  and  ezpendve  operation  to  increase  the  power  of  a  miU^  when 
once  built;  and  power  is  alwajrs  valuable. 

Mr.  Banks,  in  his  excellent  l^atite  upon  AfiUt,  gives  many  useful  practical 
rules ;  from  amongst  which  the  following  is  selected.  Beinff  simple,  it  may 
prove  useful  for  determining  the  quantity  of  water  that  will  flow  through  a 
sluice  or  pen-stock  upon  a  wheel,  with  sufficient  accuracy  for  most  purposes, 
because  the  whole  motion  of  a  stream  must  not  be  taken  when  it  is  principally 
dammed  or  stopped,  and  only  permitted  to  flow  through  a  small  orifice,  to  pro- 
duce mechanical  effect. 

Eule, — Measure  the  depth  firom  the  sur&ce  of  the  water  to  the  centre  of  the 
orifice  of  disehtfge,  in  feet,  and  extract  the  square  root  of  that  depth ;  multiply 
it  by  5.4^  whidi  will  give  the  velocity  in  feet  per  second,  and  this,  middplied  by 
the  area  of  the  orifiee  (also  in  feet,)  will  give  the  number  of  cubic  feet  which 
will  flow  through  in  a  second*  From  knowing  the  quantity  of  water  dis- 
charged, and  the  hmsht  of  fidl,  not  only  the  siie  m  the  wheel,  but  its  extent  of 
power  may  be  calcohted ;  for,  in  the  undeiBhot  wheel,  the  power  is  to  the 
effect  nearly  as  3  to  1 ;  while  in  the  over-shot  wbed  it  is  double,  or  as  3  to  2. 

WATEFU WORKS,  denote  all  manner  of  works  employed  in  nising  or  sus- 
taining water ;  in  which  sense  water-mills  of  all  kinds^  pumps,  wheels,  hydraulic 
Xes,  sluices,  aqueducts,  &C.,  described  in  vaiioos  parts  of  the  work,  may  be 
i  water-wecka.  The  various  wateivworkt  in  and  about  London  consist  of 
pumps  worked  by  steam-engines.  The  principal  are  those  of  the  New  River 
Uompany,  whose  works  at  Clerkenwell  and  Upper  Thames-street,  are  said  to 
furnish  daily  to  67,000  houses,  13,000,000  of  gaUons;  the  East  London  water- 
works, situated  at  Old  Ford,  also  daily  supply  to  43,000  houses,  6,000,000  of 
gallons ;  the  West  Middlesex  works  at  Hammenmltli,  to  16,000  houses,  2,250,000 

eons;  the  Chelsea  works  to  12,400  houses,  1,760,000  galkms ;  The  Grand 
iction,  also  at  Chelsea,  to  7,700  houses,  2,800,000  giuloiia.  From  which 
statement  it  appears  that  the  portion  of  the  town  on  the  nom  side  of  the  Thames, 
is  supplied  daO^  with  about  26,000,000  gaUoos  of  water,  and  that  the  total 
number  of  bufldmgs  of  all  kinds  receiving  tus  simply  amoonts  to  about  144,000 
The  water  is,  finom  the  great  demand  of  certain  uictories,  and  various  other  cir- 
cumstances, very  unequally  distributed ;  but  the  average  oonaomption  for  each 
house  is  about  180  gallons.  Of  this  water,  more  than  one  half  of  which  u  derived 
from  the  Thames,  a  large  portion  is  delivered  at  verv  considerable  elevations 
above  the  level  of  the  river,  even  to  the  tops  of  the  highest  houses  in  the  highest 
parts  of  London,  by  means  of  force  pumps,  called  £e  kM  Mrviee,  for  which 
distinct  service  fifteen  steam-engines  are  employed,  cxerong  a  power  of  1105 
horses. 

On  the  9tmth  side  of  London,  there  are  three  water^ompaniea,  namely,  the 
Lambeth,  the  Yanxhall  or  South  London,  and  the  Soutfawark.  The  Lambeth 
water-works  are  situated  upon  the  banks  of  the  Thames,  and  the  water  is  forced 
immediately  fimn  the  river  into  the  mains,  and  thence  distributed  to  16,000 
tenants,  wlu>  consume  1 ,244,000  gallons  daily.  The  Yanzbal],  or  South  Lcmdon 
works,  situated  in  Kennington  I^e,  have  abMit  10,000  tenants,  who  daily  con- 
sume about  1,000,000  gallons.  The  Soothwark  works,  upon  the  banks  of  the 
river,  between  Southwark  and  London  bridges,  simply  about  7,000  tenants  with 
720,000  gallons  of  water.  Each  of  these  establishments  has  two  engines,  tiie 
aggregate  power  of  which  is  about  235  horses.  The  whole  of  the  water  amounts 
toneariy  3,000000  gallons,  supplied  to  33,000  tenants.  The  total  quantity  of 
water  required  for  the  whole  metropolis,  north  and  south  of  the  Thames,  is 
therefore  about  29,000,000,  supplied  to  177,000  houses  or  tenants,  making  an 
average  quantity  of  170  gdlons  to  each  daily  I 

We  have  thus  jriven  a  summary  of  a  more  voluminous  statement  that  has  ap- 
peared in  most  of  the  scientific  ioumal%  professedly  derived  firom  the  pintea 
report  of  a  parliamentary  commission,  appointed  a  few  years  ago  to  inquire  into 
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the  fubject  But  we  think  that  every  resident  of  London,  after  a  moment*s 
consideration  of  the  statement  made  out  by  the  water  companies,  of  their  supply, 
will  deem  it  to  be  a  most  overcharged  statement  of  facts.  Our  own  observation 
upon  a  great  number  of  houses,  leads  us  to  the  conclusion,  that  instead  of  1 70 
gallons  to  each  house  <2a%,  there  is  not  that  quantity  delivered  weeUy  in  a  majority 
of  cases,  or  upon  an  average  of  the  whole.  If  the  water  were  turned  on  daUy  to  all 
the  tenants,  and  the  dischiu^e-cocks  to  all  the  pipes  were  prevented  from  shutting 
during  the  period  of  '*  laying  on,"  the  pipes  would  be  capable  of  delivering  the 
quantity  mentioned.  But  we  facts  are,  that  a  great  number  of  the  cocks  are 
shut,  the  cisterns  being  full ;  that  the  majority  of  them  are  only  open  for  a  few 
minutes,  to  receive  an  addition  of  a  few  gallons ;  and  that,  so  far  from  being  a 
daily  supply  to  all,  the  third,  fourth,  and  nflh-rate  houses  (which  constitute  the 
majority,)  receive  their  supplies  but  twice  a  week  at  the  utmost,  and  many  of 
them  but  ofic^.  The  official  statements  appear  to  us  to  be  so  grossly  incorrect  that 
we  have  not  thought  it  needful  to  enter  into  a  minute  investigation.  Nevertheless, 
we  consider  the  supply  generally  to  be  abundant  for  all  the  purposes  of  health 
and  comfort  We  have  already  observed,  that  pumps  are  the  machines  now 
usually  employed  in  watei^  works,  for  raising  the  water ;  and  these  pumps  are 
generally  worked  either  by  steam  or  a  fall  of  water.  Havine  in  other  parts  of 
this  work  treated  of  the  constituents  of  water-works,  we  wall  conclude  this 
article  by  a  brief  notice  of  the  water-works  lately  erected  to  supply  the  city  of 
Philadelphia  with  pure  fresh  water,  and  which  have  been  describeain  the  recent 
scientific  journals.  *<  These  works,"  Dr.  Jones  states,  "have  been  admired  by 
ail  who  nave  seen  them,  as  monuments  both  ot  the  taste  and  skill  of  the  per- 
sons concerned  in  the  plan  and  erection  of  the  buildings,  and  in  the  construc- 
tion and  executing  of  the  machinery."  The  establishment  is  at  Fair-mount, 
five  miles  above  the  city,  at  the  Falls  of  the  SchnylkilL  The  entire  expense, 
including  the  purchase  of  the  site,  is  426,330  dollars.  The  water  power  created 
is  calculated  to  be  equal  to  raise  into  the  reservoir,  by  eight  wheels  and  pumps, 
upwards  of  ten  millions  of  gallons  daUy,  and  it  is  estimated  that  40  gallons  upon 
the  wheel  will  raise  one  into  the  reservoir.  There  are  two  reservoirs,  one  having 
the  capaci^  of  three  millions  of  gallons,  and  the  other  of  four  miUions.  The 
water  is  raised  56  feet  above  the  highest  ground  in  the  city,  and  is  conveyed  and 
distributed  in  cast  iron  pipes  of  American  manufacture.  A  plan  and  section  of 
the  pumps  and  water-wheels  are  given  in  the  foregoing  page.  The  pumps  are 
what  are  called  double  forcing-pumps,  (see  the  article  Pomps,)  producing  an 
equal  efiect  in  raising  water,  in  whichever  way  the  piston  moves.  The  working 
barrel  is  16  inches  in  diameter  in  the  clear,  and  the  half  stroke  of  the  pump  is 
five  feet,  giving  a  ten-feet  stroke  for  each  revolution  of  the  water-wheel,  of  which 
there  are  thirteen  in  a  minute.  The  water  is  forced  to  a  perpendicular  height 
of  96  feet,  through  mains  of  nearly  300  feet  in  length.  The  Quantity  raised  by 
one  pump^  in  24  hours,  is  upwards  of  I|  millions  of  gallons,  ale  measure. 

Dr.  Buchanan,  in  his  Journey  from  Madrca  through  the  eoutUries  of  Mysore, 
&c.  gives  a  description  of  the  Saymbnimbacum  tank  near  Madras,  which  ap- 
pears to  us  well  deserving  of  Uie  attention  of  persons  interested  in  the  construc- 
tion of  water-works,  as  there  are  probably  situations  in  this  country  where  similar 
advantages  might  be  taken  of  the  natural  configuratioa  of  the  hilly  districts.  The 
Saymbrumbacum  tank  has  not  been  formed  by  digging,  like  those  in  Bengal, 
but  by  shutting  up,  with  an  artificial  bank,  an  opening  between  two  natural 
ridges  of  ground.  The  sheet  is  said  to  be  seven  or  eight  miles  in  length,  and 
three  in  width,  and  in  the  dry  season  is  let  out  in  smafi  streams,  as  wanted,  for 
invation.  In  the  rainy  season  it  receives  a  supply  of  water  from  the  river  Chir- 
nam,  and  firom  several  small  streams  that  are  collected  by  a  canal.  1 1  is  provided,  in 
difiPerent  places,  with  sluices  or  weirs,  of  stone,  which  are  firom  20  to  30  feet  wide, 
and  some  feetlower  than  the  other  parts.  On  the  surface  they  are  strongly  fortified 
by  large  stones,  placed  in  a  sloping  direction,  so  that  the  water  rushes  over  with- 
out undermining  the  bank,  and  is  conveyed  away  from  the  fields  by  a  canal. 
This  is  a  matter  of  the  utmost  importance,  as  there  are  instances  where,  the 
banks  of  these  large  tanks  having  given  way,  whole  villages  have  been  destroyed 
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Yt  the  Corrent  In  order,  hoveyer.  that  when  then  k  (deaty  of  nin  tke  tanl 
may  he  completely  filled,  a  rov  of  stone  pillart  it  placed  on  the  top  of  thi 
duicei  (weire) ;  and  on  the  water  ruing  to  a  leyel  with  their  bnae,  a  tmnporu] 
wall  b  formed  of  mud,  iticks,  and  straw,  placed  hetween  the  pillars  ao  aa  to  eon 
fine  the  watrr  till  it  rises  as  high  as  the  top  of  the  hank.  People  watch  Ihi 
night  and  day,  in  order  to  hreak  down  the  temporary  bank  sboukl  any  ^ditiffltf 
ram  endanger  the  whole.  The  water  is  let  out  to  supply  the  fields,  by  a  tlaici 
lined  with  cut  stone  or  hricks,  formed  through  the  hank,  oo  aloT^  with  th 
country.  The  inner  end  of  this  sluice  is  coyered  hy  a  flat  stone,  in  which  ia  cu 
a  conical  opening,  that  can  be  shut  or  opened  hy  a  conical  plug  or  Talve,  fixM 
to  a  bamboo  statt^  and  which  is  secured  in  its  place  by  passing  through  hole 
made  in  cross  guidinf-bars,  let  into  two  pillars  of  stone,  which  riae  aoova  thi 
lerel  of  the  water  in  the  tank.  This  tank  is  said  to  be  sufficient  to  aimly  wit! 
water  the  lands  of  thirty-two  Tillages,  for  eighteen  months,  should  the  rama  fiul 
such  a  reservoir  is  therefore  of  inestimable  value. 

WAX.  An  oily  concrete  matter,  usually  considered  to  he  gaftherecl  hf  bee; 
lirom  plants ;  though  Huber,  who  was  a  close  observer  of  nature,  and  the  habili 
of  bees  in  partieuUr,  asserts  that  wax  is  an  artificial  prodnctiony  made  by  thi 
bees  from  tne  honey  they  collect;  that  they  cannot  procure  it,  unleae  they  han 
honey  or  sugar  for  the  purpose ;  and  that  raw  sugar  afiTords  more  than  honey 
Wax  was  long  considered  to  be  a  resin,  from  some  properties  which  it  pooaasasi 
in  common  with  resins.  Macquer  found  that  wax  resembles  resin  only  in  bein| 
an  oil,  rendered  concrete  by  an  acid ;  but  that  it  diffto  essentially  ftoni  ihcM 
in  the  kind  of  the  oil,  which,  in  resins,  is  of  the  nature  of  easential  oila,  whOe  ii 
wax,  and  other  analogous  oily  concretions,  (as  butter  of  cocoa,  batlor  eC  milk, 
fat  of  animals,  spermaceti,  myrtle  wax.)  it  is  of  the  nature  of  mild  nnotoons  oflsi 
that  are  not  aromatic,  and  not  volatile,  and  are  obtained  ftom  vegetablosi  by 
expression.  Dr.  Ure  considers  it  probable,  that  the  acidifying  eriueipKe,  oi 
oxygen,  and  not  an  actual  acid,  may  be  the  leading  cause  of  the  solidity,  or  km 
Aisibility  of  wax ;  but  it  has  been  observed,  that  by  digestiao'  the  nitric  oi 
muriatic  acid  upon  fixed  oils,  the  oils  pass  into  a  state  resembling  waac  Tkt 
natural  colour  of  wax  is  yellow,  and  it  is  whitened  by  exposure,  in  thin  Hi'Tt 
to  the  air  and  sun.  Alludies  dissolve  wax,  and  rendler  it  miscible  in  water.  In 
China  and  North  America,  wax  is  procured  directly  from  planta,  and  is  tlMfl 
called  vegetable-wax.  In  order  to  obtain  bees'  wax  in  a  pure  state,  what  irmalni 
of  the  combs,  after  separating  the  honey,  is  put  into  a  copper,  with  a  quantity 
of  water,  which  is  made  to  boil  over  a  slow  fire,  and  stirred  freipiently  with  a 
stick.  When  the  wax  has  been  thus  thoroughly  melted,  it  is  strained  tfaioewl 
canvas  bags,  and  the  residue  in  the  bags  is  forced  out  by  a  press,  whilat  hot^  and 
received  into  a  vessel  of  water.  When  ull  the  wax  has  been  thus  cleared  of  thi 
grosser  impurities,  it  is  arain  melted  over  water,  and  the  scum  which  ariaea  ii 
Uie  boiling  is  carefully  skimmed  off;  ahpT  which,  it  is  poured  into  pans  oi 
moulds  of  the  size  required,  to  solidify.  Wax  keeps  better  in  laiwe  cakea  *!*»» 
small  ones :  any  sediment  that  may  remain  at  the  bottom  of  the  cakes  is  sciapei 
off  before  bleaching. 

The  ordinary  process  of  bleaching  wax,  consists  in  first  melting  it  at  a  loi 
heat,  in  a  cauldron,  from  whence  it  is  allowed  to  run  out  by  a  pipe  at  the  hotfom 
into  a  capacious  vessel  filled  with  cold  water,  in  which  is  fitted  a  large  woodei 
cylinder,  that  is  made  to  turn  round  continually  on  its  axis,  upon  whi<^  th< 
melted  wax  falls.  The  surface  of  the  cylinder  beine  constantly  wet^  the  was 
does  not  adhere  to  it,  but  lays  solid  and  flat,  acquirmg  the  form  of  ribbands 
The  continual  rotation  of  the  cylinder  carries  off  these  ribbands  aa  fast  as  the] 
are  formed,  and  distributes  them  through  the  tub.  The  wax  is  then  pal  npoi 
large  frames  covered  with  linen  cloth,  which  are  supported  abont  eighteen  inehe 
above  the  ground,  in  situations  exposed  to  the  air,  dew,  and  the  sun.  The  thick 
ness  of  the  several  ribbands,  thus  placed  upon  Uie  frames,  ought  not  to  esceeet 
an  inch  and  a  half,  and  they  ought  to  be  removed  from  time  to  time,  in  orde 
that  they  may  all  be  equally  exposed  to  the  action  of  the  air.  If  the  wsuuhe 
be  favourable,  the  colour  will  be  changed  in  a  few  days.     It  is  then  to  bi 
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re-melted,  formed  into  ribbands,  and  exposed  to  the  ahr  as  before.  These  opera- 
tiont  are  to  be  repeated,  until  the  wax  is  rendered  perfectly  white ;  after  which 
it  is  to  be  melted  into  cakes,  or  formed  into  candles. 

Of  late  years,  the  sulphuric  acid,  and  other  chemical  agents,  hare  been  pro- 
posed for  shorteninff  the  process  of  bleaching  wax,  but  we  are  inclined  to  bebeye 
that  they  have  not  oeeii  successfully  carried  into  practice,  as  the  manufacturers, 
we  are  informed,  adhere  to  the  old  process  above  described.  To  what  extent 
chlorine  has  been  applied  to  fhu  purpose,  or  in  what  manner,  we  are  jot  in- 
formed ;  but  the  process  employed  by  Mr.  Davidson,  of  Glasgow,  and  recently 
patented  by  him,  is  stated,  in  the  specification,  to  be  as  fallows  :— 

**  The  wax  or  tallow  is  heated  to  about  the  temperaiure  of  boiling  water,  in 
an  iron  vessel  lined  with  lead,  when  the  oxymuriate  of  lime,  (chloride  of  lime,) 
or  the  oxymuriate  of  magnesia,  (chloride  of  magnesia,)  is  to  be  added,  either  in 
sohitton  with  water,  or  in  the  cby  state,  and  then  intimately  mixed  and  well 
stirred  up  with  a  wooden  spatula.  When  these  materials  have  acted  upon  each 
other  a  sufficient  length  of^  time  to  discharge  the  colour  firom  the  wax  or  tallow, 
the  lime  or  magnesia  is  to  be  removed,  by  adding  dilute  sulphuric  aeid>  or  some 
other  add  possessing  a  greater  affinity  ibr  those  earths  than  chlorine.  The 
whole  is  then  to  be  boiled,  until  the  earth  employed  is  separated." 

For  the  bleaching  of  wax,  the  solution  of  the  chloride  is  to  be  in  the  propor- 
tion of  from  14  to  28  pounds  of  the  salt,  to  112  pounds  of  water;  and  an  equal 
quantity  by  weight,  of  the  solution  and  of  the  wax,  to  be  employed  in  the  pro- 
cess. The  sulphuric  acid  should  be  of  the  specific  gravity  1.8485,  and  be  diluted 
with  from  twenty  to  thirty  times  its  weight  of  water. 

For  the  bleaching  of  tallow,  a  solution  of  chlorine,  of  less  strength  than  the 
above,  will  suffice,  and  the  sulphuric  acid  should  be  more  plentifully  diluted :  but 
the  proportions  necessary,  will  vary  both  in  the  wax  and  the  tallow,  according 
to  the  quantity  of  colouring  matter  that  may  be  combined  with  them.  The 
following  fbrmulsB  for  the  composition  of  the  various  kinds  of  sealing-wax,  ^rill 
not  be  out  of  [dace:— 

The  best  hard  red  wax  for  sealing  letters : — Mix  two  parts  of  shell-lae,  well 
powdered,  with  resin  and  vermilion,  each  one  part,  and  melt  diis  combined 
powder  over  a  very  gentle  fire :  when  the  ingredients  are  thoroughly  incorpo- 
rated, work  the  mass  into  sticks.  Seed*lac  may  be  substituted  for  shelMac; 
and  instead  of  resin,  boiled  Venice  turpentine  may  be  used.  Coarse  hard  red 
sealing-wax : — Mix  two  parts  of  resin,  one  part  of  shell-lac^  vermilion  and  red- 
lead  together  one  part ;  the  latter  in  the  proportion  of  one  of  vermilion  to  two 
of  die  red-lead.  For  a  cheaper  kind,  the  vermilion  may  be  omitted,  and  for 
very  coarse  uses,  the  shell-lac  also.  Black  sealing-wax  is  made  in  the  same 
manner  as  red,  with  the  exception  of  the  colouring ;  the  colouring  ingredient  for 
blade  wax,  being  the  finest  ivory  Uack.  Hard  green  sealing  wax  Is  the  same 
mixture  of  resins  and  gum-resins  as  before-mentioned ;  the  colouring  ingredient 
is  powdered  verdigris ;  for  a  brighter  cdonr,  crystals  of  verdigris.  Slue  sealing- 
wax  : — Use  smalts,  light  blue  verditer,  or  a  mixture  of  both.  Yellow  sealing- 
wax  : — ^Use  massicott ;  for  a  fine  bright  yellow,  turbith  mineral  PurpSe 
sealing-wax  t^-Use  half  vermilion,  and  half  smalts,  or  red  and  blue  in  various 
proportions,  according  to  the  tint  required. 

Particular  attention  should  be  pud  to  the  mgredients,  while  over  the  fire, 
that  no  more  heat  be  given  than  is  just  suffident  for  them  to  melt,  and  be 
thoroughly  incorporated.  The  wax  is  formed  into  sticks,  by  rolling  it  on  a 
copper  plate  or  stone,  with  a  rolling-board  lined  with  copper  or  tin,  into  rolls  of 
any  required  sise.  The  polish  or  gloss  is  given  afUrwards,  by  placing  the  sticks 
of  wax  over  a  fire  in  a  small  stove,  which  is  provided  with  a  suitable  apparatus 
for  placing  and  turning  them  in  that  ntnatton,  where  the  heat  given  to  them 
is  just  sufficient  to  melt  the  surfoce  of  the  wax,  and  produce  the  gloss. 

A  patent  was  reeenUy  taken  out  by  Mr.  Wason,  of  the  MidcUe  Temp.e,  for 
introducing  a  smi^  wick  into  the  middle  of  the  sticks  of  wax,  for  the  conve- 
nience of  sealing  letters.  These  sealing-wax  candles  we  do  not,  however,  per- 
ceive in  the  shops. 

WEAVING,  is  the  art  of  working  a  web  of  doth  from  silk,  cotton,  or  other 
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fibrouB  threftdy  in  a  loom,  with  a  thuUle.  Hie  principle  of  the  art  maj  be  n 
to  coniiit  in  croenng  two  sets  of  threads  at  right  anglet  to  each  other ;  and 
was  probahly  first  conducted  in  an  extremely  coarse  and  simple  manner,  HI 
the  mterlaemg  or  platting  of  rushes  to  form  mats.  An  uninformed  ta¥a] 
having  effected  thus  much,  would  naturally  he  led  to  operate  upon  fin 
materials,  which  nature  might  present  to  his  hands,  and  he  would  be  aUe 
weave  them  with  the  same,  or  nearly  the  same  facility,  as  he  did  the  coar 
matting;  the  assistance  which  he  might  receive  firom  a  feUow-labourer, 
perhaps  openine  the  threads  of  his  warp  with  a  piece  of  stick,  or  in  thmath 
the  weft  tnrough  its  interstices ;  would  naturally  suggest  the  use  of  8tick%  i 
opening  the  alternate  threads  of  the  warp,  and  beating  up  the  weft.  For  wa 
of  assistance,  our  primeyal  weaver  might  fasten  the  ends  of  his  warp,  which  i 
will  conceive  to  have  been  long  stripes  of  the  inner  bark,  to  the  stumpe  or  bong 
of  tnes.  With  his  sticks  he  would  then  be  able  to  operate  with  comparati 
rapidity  and  excellence ;  and  as  it  could  not  fail  to  escape  his  notice,  nor  tfa 
of  the  by-standers,  that  the  alternate  threads  of  the  warp,  divided  into  ti 
distinct  sets,  were  alternately  raised  and  depressed  by  the  sticks,  and  that,  aoni 
times,  firom  accidental  circumstances,  some  of  the  threads  of  the  warp  wc 
raised  or  depressed  by  a  pull  instead  of  a  push  ;  hence  we  may  imagine  tl 
some  contrivance  resembling  or  performing  the  same  office  as  the  treadles 
lams  of  our  present  looms,  were  resorted  to ;  thus  we  have  a  complete,  thooj 
rude  machine,  excepting  the  shuttle;  the  gradual  steps  to  which  prel 
•  contrivance  must  obviously  have  been  made,  by  the  weaver  first  poking,  nc 

sliding,  and,  finally,  as  his  manual  dexterity  increased,  iknmmg  the  weft. 

As  the  eariy  history  of  weaving  is  involved  in  total  obscurity,  we  hmve  th 
endeavoured  to  trace  the  probable  oriein  and  earliest  practice  of  the  inventic 
and  at  the  same  time  explain  the  really  simple  process  of  which  plain  weavi 
consists.  In  fact,  the  process  is  even  now  conducted  in  India,  and  many  oft 
eastern  nations,  by  similar  means ;  the  weaver  performs  his  labour  in  the  op 
air,  choosing  his  station  under  trees,  whose  shade  may  protect  him  from  t 
scorching  rays  of  the  sun.  Here  extending  the  threads  which  compote  ti 
warp  of  his  intended  cloth  lengthwise,  between  two  bamboo  rollers,  which  a 
fastened  to  the  turf  by  wooden  pins,  he  digs  a  hole  in  the  earth  large  enough 
contain  his  legs  when  in  a  sitting  posture ;  then,  suspending  to  the  branch  of 
tree  the  cords  which  are  intended  to  cause  the  reciprocal  rising  and  depreaaii 
of  the  alternate  threads  of  his  warp,  he  fixes  undemeath,  and  connected  wi 
.^  the  cords,  two  loops,  into  which,  inserting  the  great  toe  of  either  foot,  he 

»'  ready  to  commence  his  operations.    The  shuttle  with  which  hecausea  the  crc 

threads  or  woof  to  interlace  the  warp,  is  in  form  like  the  knitting  needle,  an 
being  somewhat  longer  than  the  breadth  of  the  warp,  is  made  to  perform  t] 
office  of  a  baton,  by  striking  the  threads  of  the  woof  close  up  to  each  othc 
With  this  rude  apparatus  the  patient  Indian  succeeds  in  weaving  fabrics  whic 
for  delicacy  of  texture,  cannot  be  surpassed,  and  can  hardly  bo  rivalled,  by  t] 
?  European  weaver,    even  when  his  labours  are  aided  bv  the  moat  elabora 

machinery. 

The  machinery  by  which  the  process  of  weaving  is  conducted  in  this  count 
varies  but  little,  whutever  may  be  the  material  of  the  fabric ;  the  difiference 
looms  for  weaving  silk  or  wool,  chiefiy  consisting  in  the  greater  stability  ai 
strength  of  the  latter,  on  account  of  the  greater  coarseness  and  elasticity  of  fibr 
and  the  thickness  of  the  cloth  woven. 

•  Of  late  years  there  have  been  numerous  and  great  improvementa  in  weavir 

machinery,  and  these  have,  to  a  great  degree,  superseded  the  mechanism  of  tl 
last  century.  Nevertheless,  the  old-fashioned  common  loom,  for  weaving  pla 
silks,  being  still  extensively  used,  especially  in  Spitalfields,  we  shall  commem 
our  account  of  the  mechanism  employed,  by  giving  a  description  of  it. 

,  A,  in  the  annexed  figure,  is  a  roller  called  the  cloth -beam,  on  which  the  clot 

is  wound  as  it  is  wove;  at  one  end  it  has  a  ratchet  wheel,  and   a  click, 
prevent  its  running  back  ;  at  the  same  end  it  has  also  four  holes  in  it,  and 
turned  by  putting  a  stick  in  these  holes :  at  the  other  end  of  the   loom 
■^  I  another  roller  I,  on  which  the  yarn  is  wound;  this  has  two  small  corda  6 
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see 


wrapwd  round  it,  Ihe  endi  of  which  are  RtUched  lo  a  bar  d,  which  hu  a 
weight  hun^  to  it ;  bj  Ait  meimi  a  rciiiunce  ii  caiued,  which  prevent*  the 
roller  I  turning  b]p  accident  ¥  fart  called  lamea;  ihej  are  each  compoied  of 
a  pair  of  iticki,  between  which  are  failened  ■  great  number  of  tbreadi ;  to  ihe 
bu  e  are  fastened  two  cords  g  I,  which  past  orer  pulleja,  and  are  fastened  U>  the 
bar  A  of  the  lame  F  ;  the  lower  bare  of  each  lame  are  connected  by  cord*  with 
the  treitdlei  G  H ;  the  workman  aita  on  the  *Mt  P,  and  placet  hii  feet  upon 
theie  treadles  :  at  they  are  connected  together  by  the  cord*  gl,  when  he  pr«MM 
down  one,  it  will  ni*e  the  other,  and  the  lamea  with  them;  a  great  number  of 
threadt,  according  to  the  width  of  the  cloth,  are  wound  round  the  yam 
beam  1  utd  are  itrelctwd  to  the  dotb-beam  A ;  dis  middle  of  the  thread* 


jj, 


^ 


1  compoM  I 
I  the  threadi 


*  E  F,  bare  loopi  called  evei   ia  Iheni,  through 


which  the  threada  between  the  tnOera,  which  are  called  the  warp, 
the  fint  thread  of  the  warp  goei  through  the  loops  of  the  lame  E,  the  next 
•ttaehed  to  the  lame  F,  and  to  on  alternately ;  by  thii  meana,  when  the  weaver 
preaies  down  one  of  the  treadlei  with  hii  foot,  and  raitei  the  other,  one  lame 
drawl  up  every  other  thread,  and  the  other  ainki  all  the  real,  lo  aa  to  make  an 
opening  between  the  mu  of  thread.  L  L  ii  a  frame  moving  on  a  centre  at  the 
top  of  the  frame  of  the  loom ;  L  L  are  the  two  uprights  of  the  frame ;  /  ia  the 
bar  that  connects  them  ;  H  it  a  frame  carrying  a  great  number  of  piece*  of 
■plit  reed,  or  aomedmeafine  wire,  at  equal  dialancesi  between  tbeie  Ihe  threads 
of  the  warp  are  pasaed;  the  frame  bein^  supported  by  a  piece  of  wood  called 
the  shuttle-race,  which  ia  fastened  into  the  front  of  the  pieces  L  L ;  each  end 
of  this  piece  has  boards  nailed  to  the  sides,  ao  as  to  form  troughs ;  at  a  nnall 
distance  above  these  are  fixed  two  very  smooth  wires ;  their  uae  ia  lo  guide  the 
two  pieces  p  q,  caUed  peckers  or  drivers :  to  each  of  tfaeae  pieces  a  string  ia 
fastened;  and  these  strings  ore  tied  to  a  piece  of  wood,  which  the  weaver 
holds  in  his  hand,  and,  by  analcbing  the  stick  lo  either  ride,  draw*  the  pecker 
forwards  very  quick,  and  give*  the  shuttle  (which  is  lo  be  laid  in  the  trough 
before  Ihe  pecker,)  a  smart  blow,  and  drives  it  along  acroas  the  race  m  into  the 
other  trough,  where  it  pushes  tbe  pecker  along  to  the  end  of  the  wire,  ready  for 
the  next  slroke,  which  throws  it  back  again,  and  ao  on.  Tlie  ends  of  th« 
abutite  are  pointed  with  iron  ;  it  has  a  large  mortise  through  the  middle  of  it, 
in  which  is  placed  a  quill  containing  the  vam  ;  also  a  glass  eye,  bavine  a  hole 
in  it,  through  which  comet  the  end  of  the  thread ;  and  two  small  wheels  to 
make  it  run  easily  on  the  race.  The  operationa  are  as  follow  :■ — The  workman, 
■itting  upon  tbe  aeat  P,  holds  the  slick  in  his  right  hand,  and  takes  hold  of 
one  M  the  ban  of  the  frame  L  L  with  hit  left ;  prettet  h'    *    '  '   ' 

treadle*  G  U,  which  by  meana  of  the  lambs  E  F,  ai  bcfi 
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the  warp  ;  he  tben  relieves  the  treadle  be  before  kept  down,  and  piiaate  down 
the  other ;  while  he  is  doing  this,  he  with  his  left  hand  drawa  the  Ihune  L  L 
towards  him,  and  then  returns  it  The  use  of  thb  is  to  beat  the  last  thread 
thrown  by  the  shuttle  close  up  to  the  one  that  was  thrown  before  it,  br  the  split 
reeds.  As  soon  as  he  has  brought  the  frame  L  L  back  to  ita  origfauu  poaitJen, 
and  again  divided  the  warp  by  Uie  treadle,  be  throws  die  shntde  again ;  when 
he  has  in  this  manner  finished  about  twelve  orfburteeatnehesof  doth,  he  winds 
it  by  turning  the  roller  A  with  the  stick,  as  before  deeeribed.  Some  Taffy 
expert  weavers  will  throw  the  shuttle,  and  peifMrm  the  odier  operatioiia,  at  the 
rate  of  120  times  per  minute. 

In  shuttles  of  the  common  kind,  gjr*at  diJHcnltiea  have  been  experienced  in 
causing  the  thread  or  yam  to  come  off  the  bobbin  or  shuttle-cap  with  an  uniibrm 
tension,  without  which  it  is  impossible  to  produce  a  good  and  even  cloth ;  to  remedy 
this  defect,  Mr.  Gosset,  of  Clerkenwell  Green,  lately  invented  an  improved 
shuttle,  for  which  he  obtained  a  patent;  and  as  the  construction  of  these  anattlcs 
renders  them  equallv  applicable  to  weaving  all  kinds  of  materials,  inclading  the 
metallic  cloth,  or  wire  gauze,  we  annex  the  following  description  of  them,  from 
the  specification  : — 

In  the  annexed  figures,  1  represents  a  longitudinal  section,  and  3  a  tranarerse 
section  of  the  improved  shuttle ;  in  this  example,  adapted  to  the  wearing  of 
metallic  fabrics,  or  other  stiff  materials,  a  a  is  the  body  of  the  shuttle,  made 
of  hard  wood,  and  tipped  with  metal  at  the  extremities,  as  usual ;  k  is  the  bobbin 
or  weft  roQer,  made  like  a  pulley,  and  turning  upon  a  polished  pin 


through  its  axis,  in  the  morticed  cavity  c,  made  in  the  side  of  the  shuttle ;  dw 
pin  6is  adapted  to  be  taken  out  easily,  that  the  bobbin  may  be  removed  or 
changed  with  facility,  as  often  as  may  be  desired ;  J  is  the  r^uUting  sprine 
before  mentioned,  the  ends  of  which  are  bent  round  and  fixed,  by  driving  ^Sum 
into  the  wood.  To  this  large  spring  is  fixed  a  smaller  spring  e,  ao  curred  m  te 
bear  and  press  upon  the  upper  surface  of  the  bobbin ;  at/  is  an  adjuating  eetev 
the  head  of  which  is  sunk  into  the  upper  part  of  the  regulating  apringd^  to  pre^ 
vent  its  becoming  entangled  with  the  threads  of  the  warp ;  Uie  pomt  of  ihis 
screw  is  inserted,  and  works  in  a  fixed  nut  in  the  inside  of  the  shuttle,  ao  »hnl 
when  it  is  turned,  the  small  curved  spring  is  caused  to  press  with  more  or  leas 
force  upon  the  surface  of  the  bobbin,  thereby  creating  a  greater  or  leas  d^i^e  of 
resistance  for  regulating  the  tension  at  which  the  yarn  shall  be  drawn  off  the 
bobbin,  and  through  the  eye  g,  of  the  shuttle.  The  upper  and  lower  aurfacm 
of  the  shuttle  are  formed  concave,  (as  shown  by  Itg.  2,)  m  order  that  the  head 
of  the  adjusting  spring  may  be  sunk  within  it,  so  as  to  prevent  their  ooming  ia 
contact  with  the  threads  of  the  warp.     The  regulating  spring  is  in  some 


applied  by  the  patentee  within  the  cavity  c,  when  a  hole  is  made  in  the  upper  part 
of  the  shuttle,  for  the  insertion  of  a  turn-screw,  to  operate  upon  the  heaSofUie 
screw/,  and  regulate  the  tension.  By  another  modification,  the  patentee  forms 
the  shuttle  like  a  box,  with  the  lid  sliding  in  grooves,  or  bineed  on  ;  in  whidi 
case  the  regulating  spring  is  to  be  fixed  on  the  lid,  or  one  of  the  sidea,  ao  as  to 
give  the  required  pressure  to  the  bobbin.  In  weaving  articles  of  stiff  wire  with 
this  improved  shuttle,  a  casing  or  tube  of  some  elastic  substance  is  employed  te 
surround  the  bobbin,  shown  by  dotted  lines ;  this  tube  has  an  opening  or  alit  oa 
one  side,  for  the  wire  to  pass  through ;  and  by  closely  embracmg  the  bobbiaf 
prevents  the  coil  of  wire  from  unwinding,  becoming  loose,  or  entangled,  and 
allows  it  to  be  drawn  off  evenly  and  regularly,  as  it  may  be  required.  When 
the  wire  is  very  stiff  and  hard,  the  patentee  recommends  the  employment  of  e 
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pftir  of  imaU  itMl  roUen^  to  bo  fixed  near  the  eye-holet,  by  which  meant  the 
win  will  ran  out  with  eoniiderably  leia  firiction. 

Th^  annexed  form  of  shnttle  ia  adapted  to  the  weaving  of  fabrics  of  silk  or 
any  other  material.  It  is  hollowed  out,  as  described  in  the  former,  for  the  re- 
ception of  the  bobbins,  which  are  three  in  number ;  these  bobbins  being  charged 
with  tlie  tliread  or  yam,  may  be  worked,  one  after  another,  with  the  same 
coloured  thread,  or  with  thread  of  di£ferent  colours  successively,  for  weaving 


figured  goods ;  and  when  it  is  necessary  to  change  the  colour,  it  wHl  only  be 
requisite  to  break  off  the  end  of  the  weft  done  with,  and  draw  the  end  of  the 
other  colour  througli  its  eye  or  opening.  The  springs  and  screws  ia  this  shuttle 
are  similar  to  those  described  in  the  firat-mentioned  shuttle,  and  therefore  need 
not  be  particulariaBed  again.  Any  number  of  bobbins  may  beempbyad  in  these 
shuttles,  aecording  as  the  nature  of  the  work  may  render  deairabla. 

Power-looms,  or  such  as  are  worked  without  the  intervention  of  manual 
labour,  were  first  suggested  by  Vaucausin,  in  1747,  but  the  subject  was  neglected 
until  the  year  1784,  when  the  idea  occurred  to  the  Rev.  E&iund  Cartwright, 
o^weamng  by  power,  in  consequence,  it  appears,  of  the  success  of  Awkwright  in 
Mpmmng  by  power.  He  commenced  the  construction  of  a  loom,  which,  al^ough 
a  very  clumsy  machine,  satisfied  him  of  the  practical  efficiency  of  the  principle ; 
and  accordingly  he  took  a  patent  for  his  invention,  in  1785,  and  subsequently 
he  obtained  a  series  of  ftesh  patents  for  succesive  improvements  upon  tiie  original 
plan.  At  length,  in  1 790,  the  first  manufactory  with  powei^looms  was  established 
at  Doneaster,  in  Yorkshire,  which  was  worked  by  a  steam-engine ;  and  in  it 
were  made  muslins,  calicoes,  and  other  fabrics,  equal  to  those  made  by  hand- 
looms.  Shortly  afterwards,  a  Mr.  Grimshaw  attempted  the  introduction  of 
Cartwright'a  power-looms  into  Manchester ;  a  large  factory  was  epected,  and 
partly  furnished  with  the  machinery,  when  the  whole  was  burnt  to  the  ground,  sup- 
posed to  be  the  act  of  incendiaries.  This  drcumstanot  detened  other  manu&cturers 
from  adopting  power-looms^  for  a  considenible  time ;  and  ^e  prosecution  of  this 
important  invention  was  probably  in  a  great  measure  delayed  by  the  indifference 
manifested  by  Mr.  Cartwright  himself  to  the  matter,  owing  to  his  mind  having  be- 
come absorbed  in  other  inventions,  from  which  he  eiqpeetadmore  gratifying  reralts. 
These  obstacles,  which  beset  the  invention  of  the  power-loom  at  the  eariy  sti^ 
of  its  introduction,  were  by  degrees  surmounted,  and  manufacturers  vied  with 
each  other  in  effecting  and  maturing  improvements  in  its  detaila,  which  became 
the  subjects  of  very  numerous  patents.  A  faithful  description  of  only  the  merito- 
rious portion  of  the  mechaninl  combinations  and  curious  movements  that  the 
power-loom  has  been  the  cause  of  bringing  into  operation,  would  alone  fill  a 
large  volume.  In  making  a  selection,  therefore,  of  one  or  two  of  those  inven- 
tions for  illustration,  the  reader  must  not  consider  them  as  detracting  ftom  the 
merits  of  others,  as  there  are  many  of  eaual  intrinsic  worth. 

The  first  powei^loom  we  shall' descrioe  was  patented  by  Mr.  Kendall,  of 
Paternoster-row,  in  the  year  1825  :  our  attention  was  drawn  to  the  sutrject  of 
it  by  the  following  notice  of  the  invention  in  the  Tima  newspaper,  on  the  24th 
of  Junc^  1838.  "This  loom,"  the  editor  observes,  '*  is  effectual  and  simple :  a 
boy  of  twelve  years  of  age,  with  a  proper  fly-wheel,  would  find  no  difficulty  in 
turning  six  or  eight  of  them.  The  number  of  looms  one  weaver  is  capable  of 
working,  must  depend  on  two  principal  objects.  The  quality  of  the  goods 
manufhetured,  ana  the  quality  of  the  materials  made  use  of,  varying  from  two 
to  five  looms,  such  as  persians,  sarcenets,  levantines,  and  poor  satins,  which, 
with  good  materials,  reouire  htUe  attention.  Rich  works,  with  an  able  weaver, 
and  good  materials,  will  be  able  to  work  two  looms,  with  an  addition  of  some 
light  work  before  mentioned.  The  work  is»  of  course,  better  than  that  performed 
aecording  to  the  old  plan,  1^  hand, — the  machine  acting  more  steadily,  and 
operating  with  Ims  of  atiokings.'*     Having  called  upon  the  patentee^  in  cense- 


qnniOT  of  the  fongoitig  reinsrfci,  !■•  vary  poliul)'  ■AbnM 
{uiaoh  of  (he  coTtcFUte**  of  the  tangoing  ■uledM*!,  by  -"- 
vutdi,  bjr  vbioh  !■•  lama  wen  nl  inta  opfcation,  m 
poni"!)  M  t«u  vrry  ncli  ftgnml  rnkm,   «itk  ta  rmicIi  p 


f  only  one  Iiand.     Viewing  (h<  loom  diKincdy  trom  Uie 
'n  all  reapect*  of  the  lame  conitniclion,  and  cperalei 
amiiion  band-loom;  and  every  deicriplion  of  iabrici 
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manner  be  woven  by  it:  herein  consists  one  of  its  chief  excellencies;  for  a 
weaver,  who  has  never  seen  a  power-loom  in  his  life,  may  at  once  proceed, 
without  any  instraction,  to  arrange  the  several  matters  preparatory  to  the  act  of 
weaving,  in  the  manner  he  has  been  accustomed ;  and  afterwards  see  all  the 
combined  and  successive  movements  in  weaving  executed  with  the  utmost 
precision. 

Fig.  1  in  the  foregoing  engraving  exhibits  a  front  view  of  Kendall's  power- 
loom,  in  which  all  the  principd  parts  may  be  seen :  aaa  is  the  framing,  6  is  a 
revolving  shaft  or  bar»  which  is  put  in  motion  by  the  action  of  a  pinion,  (par- 
ticularly shown  by  Fig.  3,)  taking  into  the  spur-wheel  e;  d  and  e  are  two  cams 
which  act  upon  the  levers  t  ^  the  same  being  connected  to  the  spiral  spring  v, 
to  give  motion  to  the  shuttle.  //  are  two  wipers,  which  operate  on  the  batton 
lever  k.  gg  are  two  other  wipers,  acting  npon  the  two  treadle  levers  A.  II  are 
the  tumblers,  which  raise  and  depress  the  harness,  m  m  are  the  swords  of  the 
battons.  n  m  are  two  vertical  rods  in  connexion  with  the  shuttle,  o  o  is  the 
box  or  shuttle-race,  p  /»  are  the  drivers  sliding  upon  horixontal  wires,  which 
immediately  propel  the  shuttle.  ^  is  an  iron  bar,  carrying  various  levers  as 
above-mentioned,  r  is  the  front  bar,  supporting  the  brackets  which  carry  the 
vertical  rods.    <  is  the  breastrrolL    t,  the  long  marches,    v,  the  short  marches. 


11 


js  is  the  harness  and  heddles.    jr,  the  reed  or  slay,    a,  the  cords  connecting  tlio 
two  treadles  with  the  long  marehea.    a  1,  the  cords  oonnactiiig  the  long  with 
die  short  marches ;  and  s  %  those  which  eoonaet  the  long  marehea  with  the 
VOL.  Ik  5  a 


lumblen.     lli(  i«Tcral  imall  tptril  spritip  raprtMnted,  ■»«  far  t^ 


girtai 


',  and  the  DMCMuy  U 


1  to  Ibe  parla,  wiili  wlUcL  Uu 


ooonfctril. 

^g.  3  Tcprcienti  b  uricn  of  treadle*,  (*hich  nia]'  coniikt  of  anjt  numbi 
nqmrnl.]  with  tbe  eoil  view  of  an  adiliiioiiiJ  bar,  whioh  it  ia  tirrfiaij  lu  ] 
ducE,  wlieri  <)>«  weaTinp  is  of  lucli  a  nature  as  to  ri;quir(  the  operation  nf 
ihan  tvo  trt^iidln :  in  fig.  1  is  shown  ■  leriea  of  noKbes  or  liearine*  lUr 
treadlei,  (marked  3  iipun  the  bar  g ,-)  ihii  bar  in  f^.  i  \%  afaowii  ■4iuppel 
fiiur  wiper*  a,  which  net  luceewiiely  upon  the  four  ireadlea  e  beneath. 

The  intention  of  the  diagram  Fig.  J  is  to  ahow  Oic  tnctiioil  aiiuiiiad 
patenter,  for  throwing  the  revolving  thaft  is  ami  oiu  of  ge*—    -  -  ■  •  • 


exhibit  ^e  mod«  by  which  the  pgwtrii  applied. 


X  k€  Um  b«ib 


1al*h  y,  by  a  cord,     i  A  it  a  long  riglit-angled  levef,  funusLed , 

with  an  inclined  plane,  Ibr  [h#  purpose  of  putting  tli*  wIukI  in  uaA  out  of 
i  ia  (he  lever  i*annpc[ed  with  the  clutch,  and  ii  upcralcd  upon  by  liia  \tm 


ion  iif  (hii  niBchine  is  wholly  efFected  bj  llie  revolution  of  tin  « 
riff.  I,  in  the  lop  of  the  loom,  which,  as  already  dewrilwd,  ii  equinned  « 
four  wipen.  and  two  cams  or  raaili.  The  two  cenlral  wipers  //  m  iL 
rcvolvr,  operate  on  Ihe  lever  X,  and  more  the  balton  tn  n,  a*  ipquircdj  Uw  fe 
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cams  «  d,  right  and  left,  act  alternately  on  a  lever  each,  i  i ;  the  reverse  ends  of 
these  leven  are  connected  to  two  vertical  rods  ft «,  suspended  from  a  bracket  in 
front  of  the  loom ;  these  levers  i  i  are  likewise  connected  by  a  spiral  spring  w, 
that  the  action  of  the  cams  at  the  necessary  periods  may  cause  the  springs  to 
become  charged,  at  the  time  the  levers  in  traveraing  the  cams  meet  with  a 
sudden  declension  or  fall,  when  the  distended  spring  suddenly  contracts,  and 
drives  the  shuttle  across  the  work.  The  other  two  wipers  g  jr,  act  upon  two 
treadles  h  h,  Xo  make  the  shed  or  opening  for  the  passage  of  the  shuttle ;  one 
revolution  of  this  bar  completes  two  shoots,  causing  these  cams  and  wipers  to 
act  uniformly  with  each  other,  and  to  perform  the  whole  operation  required  in 
simple  weaving. 

In  order  to  accomplish  more  complex  weaving,  when  more  than  two  treadles 
are  required,  a  second  bar  is  introduced,  equipped  with  as  many  wipers  as 
treadles  wanted ;  the  wipers  being  placed  at  equal  distances  on  the  circumfe- 
rence of  the  bar.  If  four  are  necessary,  as  the  principal  bar,  in  making  one 
revolution,  acts  upon  the  treadles  twice ;  therefore,  in  order  to  work  over  the 
four  treadles  upon  the  second  bar,  the  principal  bar  m  this  case  must  make  two 
revolutions  to  one  revolution  of  the  secondary  bar.  If  five  treadles  be  required, 
the  principal  bar  must  make  two  and  a  half  revolutions  to  one  of  the  secondary 
bar;  and  so  on,  to  any  number  of  treadles  used  in  "plain  complex  weaving.** 
The  uniform  motion  of  the  two  bars  are  regulated  by  cog-wheels  upon  their 
axes,  which  are  adapted  according  to  the  nature  of  the  work.  If  a  greater 
number  of  treadles  oe  required,  than  the  hand-loom  is  able  to  accomplish, 
with  ease,  it  only  requires  the  aid  of  the  iacquard,  mounted  upon  the  loom, 
to  simplify  the  "  complex-figured  weaving.' 

The  next  poweHoom  we  shall  describe,  is  the  invention  of  M.  De  Bergue,  a 
French  gentleman,  who,  it  appears,  came  to  this  country  with  it,  nndtr  the  im- 
pression, that  similar  inventions  had  not  previously 
occupied  tlie  attention  and  skill  of  British  mecha- 
nists ;  and  there  are,  undoubtedly,  in  several  of  his 
combinations,  a  considerable  degree  of  .originality 
and  ingenuity  of  design.  This  loom  we  have  also 
had  several  opportunities  of  seeing  at  work,  and  can 
confidently  state,  that  it  operates  in  a  veir  efficient 
manner.  The  engraving  on  the  preceding  page, 
marked  Fig,  4,  afibrds  a  side  elevation  of  the  macnine, 
and  will  be  sufficient,  with  the  subjoined  and  follow- 
ing diagrams,  to  explain  the  construction,  a  is  the 
shaft  of  the  loom,  by  the  rotation  of  which  all  the 
various  motions  are  either  simultaneously  or  suc- 
cessively produced.  The  rotation  of  this  shaft  is 
effected  either  by  hand  applied  to  the  lay,  which 
constitutes  it  a  hand-loom  ;  or  by  meant  of  a  band  or 
strap,  from  another  shaft  at  c,  passing  over  drum- 
wheels  or  pulley,  as  shown  by  that  at  e,  and  the 
bands  proceeding  thereftt>m,  which  makes  it  a  power' 
loom.  The  axis  of  the  drum  e  carries  a  spur-wheel, 
which  gears  into  another  on  the  shaft  a,  and  its  rota- 
tion gives  motion  to  two  eccentrics  /,  fixed  at  each 
of  the  shafts  within  the  frame.  This  motion  is 
shown  in  the  annexed  engraving.  Fig.  5,  where  the 
letter  a  also  indicates  the  shaft,  and  /  the  eccentric 
turned  round  by  it :  in  the  annular  path  or  race  / 
is  a  friction-roller  g,  attached  by  a  bent  arm  to  a 
vibrating  lever  A,  the  upper  end  of  which  is  fixed 
fast  to  the  lay,  and  the  lower  end  turns  upon  a  centre 
or  pivot,  passing  through  the  side  frame  of  the  loom ; 
the  eccentric  revolution  of /'therefore  causes  the  lever 
h  to  vibrate,  and  with  it  the  lay,  in  that  very  steady 
and  uniform  manner,  so  essential  to  good  weaving. 


la  the  aUdk  of  tlM  iluA  « 


I,  like  tbc  Irtter  X :  is  ihoe  gmorcm  a  jtvjtedag  d 
aiida  tondc,  and  d 


1^  ii  tbrowB  from  lidc  to  bde  •Ilcraatdy ;  aod  tlM  nppcr  end  of  tba  mU  m 
aciag  eooMCied  bjr  eotda  to  drinn  «Ud>  lUdc  tmoB  apoiMbcd  win,  fixed  m  i 
dkwad  of  the  U7.  Tlw  ilnUde  ii  iiDpcIlnl  ba^wai^  aad  forwud*  tluwwl 
the  waip  b;  mcau  of  the  teradla,  wUck  an  voikcd  bj  a  Bcodtar  Mcmtii 
Boramcat,  M  will  be  «pUiiicJ  bj  wftttata  to  iIm  aanexed  P^  6. 

At  f  A  tlx*  »di  uf  tbe  Wran.  (Mca  in  wctioD.)  an  eooDected  lo  tfae  kai 
aMiU]  IcTcn  w  «,  [aancriuf  to  tbe  treadln  of  tba  ccoimoa  lotMU,)  wUch  ton 


n?  fi. 


Tlie  other  endi  of  the  levera  ate  fiunUed 
^1  pioi  X,  which  work  in  two  rccenlrin  hariDg  tbe  peculiarij  ihMgj 
groore*  deluieatMl  in  the  finirr,  u  tlie  uid  eccentHa  revolTs  upon  fhog  ccabd 
axil  a  ;  the  rerolutioo  of  IJiefc  eccentrics,  it  will  be  perceired,  'aiiwa  the  Hti\ 
pint  alternatelj  to  trsTerse  along  the  Fxlernal  groove,  and  then  the  intesad 
heart-fbaped  gTvore,  which  produce*  that  peculiar  Tibration  in  tbc  ban  ar 
and  the  required  reciprocalion  of  the  lamet  1 1,  to  open  the  thre«da  of  ll>e  wan 
after  rach  nicceiiive  ihoot.  Ttie  reed  qr  cane,  which  ii  the  immediate  inab» 
ment  for  beatillR'  up  the  threads  of  the  woof,  is  aitiiated  in  the  lav  or  *«-»*«m 
The  clclh  as  it  is  woren  pastes  over  the  breait-beair,  and  winda  itaelf  on  tbi 
roller,  which  receives  its  motion  b;  a  toothed  wheel  fixed  upon  it,  and  ^  panian 
upon  the  same  axb  *l  the  ratchet-wheel. 

In  a  lecture  delivered  bj  Dr.  Birkbeck,  at  the  London  Mechanica'  laatitntMHi, 
on  the  nibiect  of  weaving,  tbii  loom  «>■  publicly  worked,  when  it  was  laaud  la 
weave  at  the  rate  of  a  yard  and  a  qnarter  per  hour  of  gros  de  Naplea. 

Some  snecesiful  attemptsbave  recently  been  made  to  produce  afigured  oriatlw* 
variegated  pattern  in  tilki  by  plain  weavlnz.  It  is  efiected  by  compoauur  tbc 
vefl  or  woof  of  two  different  coloured  threads  twitted  together  j  which  Dnar  be 
of  ailk,  of  silk  and  wonted,  or  of  linen,  cotton,  and  silk,  vanoualy  combined. 
The  more  the  colours  are  cantriuted,  tbe  more  brilliant,  of  course,  la  the  eAct. 
Long  specks  or  apoti  are  produced  by  twisting  tbe  threads  very  alightlw  aad 
short  or  minute  ones  by  a  hard  tuiiL  I'he  warp  of  the  fabric,  as  weQ  u  iha 
shoot  are  composed  of  a  simitar  or  diSeient  arrangement  of  threads,  mud  ibtn 
by  slight  variations,  a  great  diveraily  of  pretty  pattetni  may  be  obtained. 

A  patent  was  taken  out  in   T833  by   Mr.  W,  Graham  of  Glasgow,  lw  «« 
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self-acting  tempk  to  be  used  in  the  operation  of  weaving  by  power  or  hand  looms,** 
for  the  purpose  of  keeping  the  fabric  at  the  width  the  reed  leaves  it  The  in- 
vention consists  in  an  apparatus  affixed  near  each  end  of  the  breast-beam,  which, 
being  acted  on  by  the  swinging  of  the  lay  in  beating  up  the  weft,  are  caused  to 
open  and  shut,  and,  by  means  of  these  apparatuses,  the  cloth  is  held  to  the  width 
at  which  the  reed  leaves  it  after  beating  up  the  weft. 


The  above  is  a  perspective  view  of  the  apparatus,  a,  is  a  plate  which  is 
affixed  to  the  breast-beam  of  the  loom  at  the  slot  at  6,  by  means  of  a  screw-bolt 
Mssing  through  the  breast-beam ;  and  where  different  widths  of  fid>ric  are  woven 
m  the  same'loom,  the  temples  must  be  so  constructed  as  to  allow  of  being  brought 
nearer  to,  or  farther  firom  each  other,  by  means  of  the  slots  formed  in  the  plate 
a.    On  to  the  plate  a  is  fixed,  by  means  of  a  screw,  another  plate  c,  havmg  a 

a*  ection  df  which  is  turned  down  at  right  angles  at  e,  the  object  of  which  will 
ereafler  described.  The  outer  end  of  the  plate  e  is  turned  oTer,  so  as  to 
produce  a  parallel  plate/,  having  a  space  between  them ;  y  is  a  spring  affixed 
to  the  plate  c,  by  nvetting  or  otherwise,  and  on  the  face  of  this  sprmg  is  formed 
teeth  or  grooves,  cut  in  a  line  with  .the  direction  of  the  doth,  these  teeth  or 
grooves  beine  intended  to  hold  the  cloth  when  the  spring  is  pressing  upwards 
against  the  plate/;  i  is  a  lever,  which  has  its  fulcrum  at  j',  on  the  plate  a;  and 
at  one  end  of  the  lever  t  is  formed  a  projecting  wedge  ir,  whicn  is  pressed 
between  the  upper  plate  /  and  the  spring  g  every  time  the  lay  beats  up  the 
weft,  by  the  lay  coming  in  contact  with  the  other  end  h  of  the  lever  t,  this  and 
/,  being  turned  down,  as  shown  in  the  drawing,  for  that  purpose.  There  is  to 
be  one  of  these  apparatuses  placed  near  the  breast-beam,  thiat  is,  in  such  a  position 
that  they  shall  just  embrace  the  outer  edges  or  selvages  of  the  fabric,  between 
tlie  plate/  and  the  spring  jr,  and  thejr  are  so  placed  as  to  take  hdd  of  the  fabric 
as  near  as  possible  to  the  point  at  which  the  reed  strikes  up  the  weft ;  but  the 
reed  is  prevented  being  injured  by  the  bottom  of  the  lay  coming  in  contact  with 
the  parts  e,  which  stops  the  lay  firom  approaching  too  near  to  the  temples  at  the 
beating  up  the  weft;  and  at  the  time  the  Jay  has  nearly  finished  its  stroke  it  comes 
against  tne  part  I  of  the  lever  i,  which  drives  the  wedges  k  between  the  plates 
/  and  the  springs  g,  and  causes  them  to  separate  to  permit  the  fabric  being 
drawn  through  them ;  but  immediately  on  the  receding  of  the  lay,  after  having 
beaten  up  the  weft,  the  springs  jr  will  press  up  against  the  plates/,  and  retain 
the  cloUi  between  them,  tne  wedra  k  being  forced  out  by  the  pressing  up  of  the 
springs,  and  by 'this  means  the  fabric  will  be  kept  to  the  width  at  which  the  reed 
leaves  it. 

WEDGE.  A  simple  machine,  of  great  utility  in  cases  where  an  immense 
pressure  and  little  motion  are  required.  The  wedge  may  be  considered  a  modi- 
fication of  the  inclined  plane,  to  which  in  many  cases  it  is  strictly  analogous, 
differing  only  in  the  circumstance  that  the  body  to  be  moved  is  drawn  along 
the  surface  of  the  plane ;  but  in  the  wedge  the  plane  is  made  to  move  by  percus- 
sion beneath  the  body  to  be  raised,  or  between  the  surfaces  lo  be  separated. 
Wedges  are  frequently  employed  for  splitting  masses  of  timber  or  stone ;  ships 
are  raised  in  docks  by  wedges  driven  under  their  keels.  Sometimes  they  have 
been  employed  to  restore  a  declining  edifice  to  the  perpendicular  position.     In 


ibe  aniMnd  cut  ih«  "Jge  €  e  t  h  cmptovtd  bi  dcnn^ 

••ad,  and  iti  mechaDicaT  power  i*  cHinuud  br  ibt  pn>- 

poMioo   of  ■  i   IP  J  c     Thii  B  umMinM*  AittrcBlIj 

itatnl,  and  it  ii  difficult  la  itatc  p— ttiTtty  wkal 

exact  povrr  nbtajiml  bf  tba  uaroftlia  wedge, 

piwrallj  driTcn  br  Uon  of  a  aaflet  or  hraiatr 

can,  hoverer,  be  no  doubt  that  tbc  pe 

iDCTcaanl  bj  incnasing  (he  lei^tb  it 

Ibe  breadib  a  i.     The  «nl^,  in  part,  ovn  iti  Tatoe  to 

■  qoaliiT  wbieb,  in  moti  maebmn,  ia  a  diminntka  if 

tbeir  eflect,  i  «.  ibe  fncdon  tbat  KMca  b«»ccn  jl  and 

tbe  Mibatance  it  diridr*.     Were  it  not  for  the  imraaiMe 

frictian  vhich  obtaini  in  the  uae  of  the  wedg^   it  wonld 

recede  to  iu  original  pgaitioo,  h«»eeu  (be 

blowi,  and  tbiu  no  progrtM  would  be  made. 

the  prcarore  and  adhmon  of  the  mfaen  prerent  the  recoii,  aod  tboa 

don  at  itighl  blowi  effect  a  result  wbkb  prerioialj  might  haTe  been 

bcjrend  human  power  to  realise.     All  cu'' 

knirca,  cbiieU,  raion,  naiU,  pin*,  Ac  mi 

angle  of  the  wedge,  in  tfaeie  cam,  i«  more  ^ 

ppwi  to  which  it  ii  to  be  applied.      Tbe  mechanical  power  of  tbc  n 

cotirae  incnaied  bi'  diminiihing  the  angle,  but  a«  tbii  dtminiahea  dte 

of  the  imtrumeDt,  there  ii  a  practical  liiixil  to  thii  ioeTeate 

intended  for  cutting  wood  tbe  angle  ti  generallT  about  30*.     For 

50>  lo  GO> ;  and  for  braa  from  SO*  to  90°.     Toob  which  airt  bj 

bt  made  moca  acute  than  thoae  which  ate  drawn  hj  oercnnioll,  i 

the  aoAer  the  Mbatsnce  to  be  dirided,  and  the  leu  the  power 

npon  it,  tbe  more  acute  roaf  be  the  Eonf>truetiDn  of  the  wedge. 


inder    tbe  artide 


WEIGHING-UACHINES  hare  been  dewribed  by  u 
BiKHca,    in  which   article,    boweTer,    we    hare 
omitted  a  notice  of  (he  annexed  ungular  but  >!ni- 

E)e  and  useful  conltirance,  the  invention  of  Mr. 
lawkini,  of  Fleetitreet.  It  iicalled  the  hydraulic 
weighing-machine,  and  i>  chiefly  de^igiipd  fur  ilci- 
mettic  uie.  a,  in  the  annexed  figure,  denotei  a 
cylindrical  renel  nude  of  titi  and  japanned,  and 
partly  filled  with  wnter;  b  ii  another  cylinder  of 
(he  name  kind,  but  of  less  diameter,  resting  upon, 
or  floating  in  the  water  contained  in  a  ;  c  ii  ■  gra- 
duated i^e,  with  a  gloM  lube  running  up  llie 
middle,  fixed  to  the  exterior  cylinder  j  the  bottom 
of  this  tube  opens  into  the  lower  part  of  the  cylin- 
der, (berefore  the  water  always  stands  et  the  same 
lerel  in  both,  t  is  a  dish  or  >eale,  for  balding  the 
article  to  be  weighed,  tbe  pressure  on  which  causes 
tbe  internal  cylinder  tu  sink  lower,  and  raise  the 
water  hicher  between  the  two  vessels,  the  level  of 
whicb  ii  indicated  by  the  tube,  and  the  weight  at 
inch  level  exhibited  on  the  scale.  There  is  of 
course  a  liability  to  change,  by  a  portion  of  the 
water  evaporating ;  but,  by  le&ving  a  weight  in 
the  scale  when  not  in  use,  and  pouring  in  of  a  small  qiiantiiy  of  water  oec^ 
sionally  to  bring  it  to  the  level  of  the  mark  on  die  scale,  an  adjuiimeDt  ia  CMtly 
made. 

WEIGHT.  The  force  by  which  bodies  in  air  press  towards  the  centra  ol 
the  earth;  and  the  measured  quantity  of  that  furce,  in  any  body,  is  the  wcixht 
of  iL  The  earliest  attempt  on  record  to  define  meanire  of  cap«;ity  and  wri^il, 
by  referring  them  to  some  natural  standard,  was  made  in  the  51st  ye«r  of  Iba 
reign  of  Henry  III,,  a.d,  1266  ;  it  is  as  follows  :— 

"  An  English  penny,  called  a  sterling,  round  and  without  clipping,  »haH  wn^ 
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thirty-two  wheat  corns  in  the  midst  of  the  ear,  and  twenty  penee  to  make  an 
ounce;  and  tweWe  ounces  one  pound,  and  eight  pounds  do  make  a  gallon  of  wine ; 
and  eight  gallons  of  wine  do  make  a  London  bushel,  which  is  the  eighth  part  of 
a  quarter.*'  These  weights  and  measures  were  again  precisely  specified  and  con- 
firmed in  the  reign  of  Henry  VII.,  in  the  year  1496.  The  first  statute  that  direcu 
the  use  of  the  opoirdupoit  weight  is  the  twenty-fourth  of  Henry  VIII.,  wherein 
it  is  directed  to  be  used  for  weighing  butchers  meat  in  the  market,  though  it  has 
been  used  for  weighing  all  kinds  of  coarse  bulky  articles  of  ordinary  con- 
sumption. This  pound  contains  7000  troy  grains ;  while  the  troy  pound  contains 
only  5760  grains.  The  difference  between  the  troy  and  avoirdupois  weight  may 
be  more  exactly  determined  by  reference  to  the  annexed  tables. 


Troy  Weight. 


of  a  cubic  inch  of  water 
24  grains 
20  pennyweights 
12  ounces 


1  grain 

1  penny  weiglit 
1  ounce 
1  pound 


CoMe  inches  of  water. 

.0039010571428 
.0950653714285 
1.901307428571 
22.815689142857 


A  cubic  inch  of  distilled  water,  at  the  maximum  density  weighs  253  troy 
grains. 


\t  Weight. 


2ia  grams  = 
16  drams  = 
1 6  ounces  = 
28  pounds  = 
4  quarters  = 
20    cwt         = 


1  dram 
1  oimce 
1  pound 
1  quarter  cwt 
1  cwt. 
1  ton 


CuUe  inches  of  water. 

.10831015625 
1.7329625 
27.7274 
776.3672 
3105.4688 
6210.93760 


175  troy  pounds 
175  troy  ounces 


144  avourdupois  pounds. 
192  avoirdupois  ounces. 


By  an  act  of  parliament  made  in  the  fifth  year  of  his  late  majesty  Geom  IV., 
it  was  enacted  that  there  should  be  adopted  on,  and  after  the  1st  of  May, 
1825,  throughout  the  United  Kingdom,  a  uniformity  of  weights  and  measures. 
The  foUowing  is,  according  to  Mr.  Gutteridge,  the  rationale  cf  the  improvement 
introduced  by  this  aet  '<  Take  a  pendulum  which  vibrates  seconds  in  London,  on 
a  level  with  the  sea,  in  a  vacuum ;  divide  all  that  part  thereof  which  liea  between 
the  axis  of  suspension,  and  the  eentre  of  oacillation,  into  391393  equal  paru ; 
then  will  ten  thousand  of  dxMe  be  an  imperial  inch,  twelve  whereof  make  a  foot, 
and  thirty- six  a  yard.  Take  a  cube  of  one  luch  inch  of  distilled  water,  at  62* 
of  temperature,  by  Fahrenheit's  thermometer;  let  this  be  weighed  by  any 
weight,  and  let  such  weight  be  divided  into  252458  equal  parts,  Uien  will  one 
thousand  of  such  parts  be  a  troy  grain ;  and  7000  of  these  grains  will  be  a  pound 
avoirdupois,  the  operation  having  been  pei&rmed  in  air.  Ten  pounds,  such  as 
those  mentioned  of  distilled  water,  at  62»  of  temperature,  will  be  a  gallon,  whidi 
galbn  win  contain  277  cubic  inches,  and  274  one  thousandth  parts  of  another 
cubic  inch."  By  the  authority  aforesaid  it  is  also  enacted,  *'  that  a  cubic  inch  of 
disttOed  water  in  a  vacuum,  weighed  by  brass  weights,  also  in  a  vacuum,  at  the 
temperature  of  62<>  of  Fahrenheit's  theruMnneter,  shidl  weigh  252.724  grains  :'* 
and,  ''that  the  standard  measura  of  canaci^,  as  well  for  liquids  as  lor  d^  goods 
not  measured  with  heaped  measure,  shall  be  the  gallon  containing  ten  pounds 
avoirdupois  weight,  of  distilled  water  weighed  in  air,  at  the  temperative  of  62^, 
the  barometer  wing  thirty  inches."  This  gallon,  therefore,  eontaining  277.274 
cubic  inches,  is  about  one-fifth  greater  than  ttie  old  wine  gallon,  one  thirty-second 
mater  than  the  M  drv  gallon,  and  one-sixtieth  less  than  the  old  beer  §^on. 
Sight  such  imperial  gallons  to  be  a  bushel,  eight  sueh  bushels  to  be  a  quarter  of 
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eorn  or  other  dry  goodi ;  the  quart  to  be  ooe-fbarth,  and  the  pint  one  eigliA  of  tbi 
•bore  gallon,  and  none  of  theae  meamrea  to  be  heaped  op.  The  said  aCandafd 
bothel,  which  will  therefore  contain  eicbty  poundi,  aToirdupciia,  of  water,  ii 
required  to  he  a  cylinder  with  a  plain  and  eren  bottom,  the  extreme  diaoietfl 
of  which  is  nineteen  and  a  half  inchea.  No  other  buahd  than  this  is  to  be  c» 
ployed  for  coala,  or  other  commodities  niuaUy  sold  hy  heaped  measure. 

WELDING.  A  term  applied  to  a  peculiar  procesa  of  uniting  pieces  a 
iron  together  by  heat  and  pressure.  Tnere  are  only  two  metsJs  sosceptihli 
of  this  process,  iron  and  pUtina.  They  are  brought  to  a  white  heat  in  i 
furnace,  and  joined  by  quick  and  forcible  hanunering,  by  which  they  nnite  aa  on 
piece,  when  executed  by  skilful  workmen. 

WELD,  or  WOALD.  A  plant  cultirated  in  man^  parts  of  this  kingdom,  fo 
its  yellow  colouring  matter.  Two  sorts  of  weld  are  distingtiished,  the  baatard  o 
wHd,  which  grows  naturally  in  the  fields;  and  the  ciiltirated,  the  stalks  of  whicl 
are  smaller  and  not  so  hish.  The  latter  is  preferred  for  dyeing,  abotindiiwmon 
in  colouring  matter.    When  the  plant  has  arrived  at  maturity  the  ata&  an 

t  pulled,  made  into  bundles  and  dried,  in  which  state  it  is  used.     To  giTe  a  per 

f  manent  yellow  to  wool  by  weld,  mordants  become  necessary ;  hot  when  pKcparec 

with  alum  and  tartar,  it  takes  a  yery  durable  and  fine  yellow. 

WHALE-FISHERY.  This  sulgect  being  so  intimately  connected  ^th  om 
manufactures,  we  insert  the  following  account  of  it  In  the  Greenland  fiabei] 
by  Europeans,  every  ship  is  provided  with  six  boats,  to  each  of  which  bekio| 
SIX  men,  for  rowing  the  ooat,  snd  a  harpooner,  whose  business  is  to  strike  thi 
whale  with  his  harpoon.  Two  of  these  boats  are  kept  constantly  on  the  watch, 
at  some  distance  from  the  ship,  fastened  to  pieces  of  ice,  and  are  released  bj 
others  every  four  hours.  As  soon  as  a  whale  is  perceived,  both  the  boats  aH 
oat  in  pursuit  of  it,  and  if  either  of  them  can  come  up  before  the  whale  HaaDy 
descends, — which  is  known  by  histhrowinguphistail, — the  harpooner  dischaigei 
his  harpoon  at  him.  As  soon  as  the  whale  is  struck,  the  men  aet  np  one  el 
their  oars  in  the  middle  of  the  boat,  as  a  signal  to  those  in  the  ahip ;  upon  wbiefa 
all  the  others  set  out  to  the  assistance  of  the  first  The  whale,  fittiling  himseil 
wounded,  swims  off  with  prodigious  velocity.  Sometimes  he  descends  pcipca 
dicularly,  and  sometimes  ne  goes  off  horizontally,  at  a  smsll  depth  below  ths 
surface.    The  rope  which  is  &stened  to  the  harpoon  is  about  200  fiathoms  long; 

j  and  properly  coiled  up,  that  it  may  be  freely  given  out  as  there  is  a  demand  kt 

it.  At  nrst,  the  velocity  with  which  this  rope  runs  over  the  side  of  Uie  boat  is  so 
great,  that  it  is  wetted  to  prevent  its  taking  fire  :  but  in  a  short  time  the  strength  id 
the  whale  begins  to  fail,  and  the  fishermen,  instead  of  letting  out  motv  ropc^ 

ft  strive  as  much  as  possible  to  pull  back  what  has  been  given  already,  thoiwk 

they  always  find  themselves  necessitated  to  yield  at  last  to  the  efibrta  of  the 
animal,  to  prevent  his  sinking  their  boat.  If  he  runs  out  the  200  &tlioois  of 
line  contained  in  one  boat,  that  belonging  to  another  is  immediately  fiutened  to 
the  end  of  the  first,  and  so  on  ;  and  there  have  been  instances  where  all  the  rape 
belonging  to  the  six  boats  has  been  necessary,  though  half  that  quantity  is 
seldom  required.  The  whale  cannot  stay  long  below  water,  but  again  comes 
up  to  blow ;  and,  being  now  much  fatigued  and  wounded,  stays  longer  above 
water  than  usual.  This  gives  another  boat  time  to  come  up  with  him,  and  he 
is  again  struck  with  a  harpoon  He  again  descends,  but  with  Ian  foroe  than 
before;  and  when  he  comes  up  again,  is  generally  incapable  of  deaoendin^ 
but  suffers  himself  to  be  wounded  and  killed  with  long  lances  which  the  men 
are  provided  with  for  that  purpose.  He  is  known  to  be  near  death  when  be 
spouts  up  the  water,  deeply  tinged  with  blood.  The  whale,  when  dead,  is  lashed 
alongside  the  ship.  They  then  lay  it  on  one  side,  and  put  two  ropes,  one  at  the 
head  and  the  other  at  tlie  place  of  the  tail,  which,  together  with  the  fins,  is  strudL 
off,  as  soon  as  he  is  taken,  to  keep  those  extremities  above  water.  On  the 
off-side  of  the  whale  are  two  boats,  to  receive  the  pieces  of  fat,  utensili^  and  man, 
that  might  otherwise  fall  into  the  water  on  that  side.  These  precautiQna 
beine  taken,  three  men  with  irons  at  then-  feet,  to  prevent  slipping,  get  on  die 
whale,  and  be^in  to  cut  out  pieces  of  about  three  feet  thick  and  ^ht  lon^ 
which  are  hauled  up  at  the  capstan  or  windlass.     When  the  fat  is  afl  got  ofl^ 
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they  cut  off  the  whalebone  of  the  upper  jaw  with  an  axe.  Before  they  cut, 
they  are  aU  lashed  to  keep  them  firm ;  which  also  facilitatea  the  cutting,  and 
prevents  them  from  falling  into  the  sea ;  when  on  board,  five  or  six  of  them  are 
bundled  together  and  properly  stowed,  and  after  all  is  got  off,  the  carcase  is 
turned  adrUl,  and  devoured  by  the  white  bears,  who  are  very  fond  of  it  In 
proportion  as  the  large  pieces  of  fat  are  cut  off,  the  rest  of  the  crew  are  employed 
m  slicing  them  smaUer,  and  picking  out  ail  the  lean.  When  this  is  prepared, 
they  stow  it  in  under  the  deck,  where  it  lies  till  the  fat  of  all  the  whales  taken 
during  the  fishery  is  on  board ;  then  cutting  it  still  smaller,  they  put  it  up  in 
tubs  in  the  hold.  At  the  end  of  the  season  they  return  home,  where  the  hi  is 
boiled  and  pressed,  to  give  out  the  oiL  (See  a  press  for  this  purpose,  under  the 
Article  Oil.) 

Among  the  Kurile  islands,  which  are  situated  near  the  southern  extremity  of 
the  peninsula  of  Kamtschatka,  the  whales  are  most  abundant  about  the  be- 
ginnmg  of  autumn.  At  that  time  the  inhabitants  embark  in  their  canoes,  and 
search  for  them  in  places  where  they  generally  find  them  asleep  on  the  surface 
of  the  water.  When  they  are  so  fortunate  as  to  find  one  in  this  situation,  they 
approach  with  the  least  possible  noise,  and  when  they  have  come  within  the 
proper  distance,  they  pierce  him  with  poisoned  arrows ;  and  although  these 
wounds  seem  extremely  slight,  they  are  said  in  a  short  time  to  occasion  great 
pain.  The  whale  thus  wounded,  moves  about  furiously,  blows  with  great 
violence,  and  soon  diet. 

When  the  whale  returns  to  Greenland,  the  fishermen  equip  themselves  with 
sharp  knives,  harpoons,  spears,  and  arrows,  with  a  number  of  large  skins  of  the 
sea-dog,  inflated.  Thus  equipped,  they  launch  their  canoes.  The  harpoon  which 
they  usually  employ  is  pointed  with  bone,  or  a  sharp  stone ;  some,  indeed,  have 
harpoons  of  iron,  which  they  procure  firom  the  Danes,  by  barter  for  the  oil  or  fat 
of  the  whale.  The  scarcity  of  iron  and  wood  makes  these  articles  extremely 
valuable  to  Greenlanders,  and  has  excited  their  ingenuity,  to  avoid  the  risk  of 
losing  them.  For  this  purpose  an  inflated  bladder  of  dog's  skin  is  attached  to 
the  harpoon ;  so  that,  in  case  it  should  not  reach  the  whale,  when  they  attempt  to 
strike,  it  may  float  on  the  water  and  be  recovered.  They  approach  them  with 
astonishing  boldness,  and  endeavour  to  fix,  by  means  of  their  harpoons,  which 
they  throw  at  his  body,  some  of  the  skins  inflated  with  air ;  for,  notwithstanding 
the  enormous  bulk  of  this  animal,  two  or  three  of  these  skins,  by  the  resistance 
which  they  make  to  the  water,  on  account  of  their  diminished  specific  gravity, 
greatly  impede  his  attempts  at  plunging  into  the  deep.  Having  by  this  means 
succeeded  in  arresting  his  progress,  they  approach  nearer,  and  with  their  lances 
pierce  his  body,  till  he  becomes  languid  and  at  last  dies.  The  fishermen  then 
plunge  into  the  sea  with  their  skin  jackets  fiUed  with  air,  and  swim  to  their  prize ; 
and,  floating  on  the  surface  of  the  water,  they  cut  off  with  their  knives,  firom  eveiy 
part  of  the  whale,  the  &t  or  blubber,  which  is  thrown  into  the  canoes ;  and  not- 
withstanding the  rudeness  of  their  instruments,  their  dexterity  is  such,  that  they 
can  extract  from  the  mouth  the  greatest  part  of  the  whalebone. 

The  boldest  and  most  astonishing  mode  of  fishing  the  whale,  is  that  which  is 
practised  by  the  Indians  on  the  coast  of  Florida.  When  the  whale  appears,  they 
fasten  to  their  bodies  two  pieces  of  wood  and  a  maUet;  and  these  instruments, 
with  their  canoe,  form  the  whole  of  their  fishing  equipage.  When  they  approach 
the  whale  they  itaow  themselves  into  the  water,  and,  swimming  directly  towards 
him,  they  have  the  address  to  get  on  hia  neck,  taking  care  to  avoid  the  stroke  of 
his  fin  or  taiL  When  the  whale  first  spouts,  the  Indian  introduces  one  of  the 
pieces  of  wood  into  the  opening  of  ^ne  of  the  blow-holes,  and  drives  it  home 
with  the  mallet  The  whale  thus  anacked,  instantly  plunges,  and  carries  the 
Indian  with  him,  who  keeps  fast  hold  of  the  animal ;  the  whale,  which  has  now 
only  one  blow-hole,  soon  returns  to  the  surface  of  the  water  to  respire ;  and  if 
the  Indian  succeeds  in  fixing  the  other  piece  of  wood  into  the  second  blow-hole, 
the  whale  again  descends  to  the  bottom,  but  a  moment  after  reappears  on  the 
surface,  where  he  remains  motionless,  and  immediately  expires,  by  tlie  interruption 
of  the  function  of  respiration. 

WHARF.     A  firm  landing-place,  built  beside  the  water  for  the  convenience 
of  loadings  or  unloading  ships,  baigea,  or  other  veaiels ;    and  therefore  usually 
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aoeordiag  to   the  natnre 
ortbefaBSBCMtDbe 

WUEEL  lad  AXLE.     AmodTftniioa  of  Iht  leva;  bj  mesns  of 
w%^  BAT  W  niatd  to  a  cDasidenbie  heifbL   A  diglit  attention  to  the 
«f  tbe  Wrer  viH  Utov  tL^  tiie  cxfeeot  of  iti  tniiKBce  in  space  is  r<erj 
^rpendia^  opoB  tbe  len^  of  that  am  to  wliidi  tbt  we^;ht  is  attached;  aadai 
fcooies  Matter  in  |Mopoct3an  to  tbe  inaesie  of  power  obtained,  so  the 
It  to  vkkh  a  bodr  may  be  raised,  ipccdilj  attaias  its  lin&it.     In  tbe  wheel 
axle,   DO  Ixaut  of  thn  kind  cxiita.     Let  mk,  in  the 
cut,  TTpment  the  diameter  of  the  wheel,  and  c  d 
that  of  the  axle ;  then,  if  a  power  p  be  coooected  by  means 
of  a  rope  to  the  whed,  and  a  wei^t  m  to  the  axle,  these 
two^  when  in  ecpiiiibno,  wHl  be  to  each  other  as  edtoa  6l 
That  is,  tic  ^oaer  if  to  tie  an^  at  <4e  ^SaK<«r  ^<4e  ajclr 
lo  ike  d^mktUr  tf  ike  ttkeel;  or,  sinee  the  diameter  of  a 
OFcie  is  doable  its  radiof ;  aa»  t4e  radia*  ef  ike  mjie  io  ike 
rmAmef  ike  wkeeL     If  a  line/A^  be  drawn,  oonnecting 
the  panQel  cofdt,  and  a  perpendicnhir  e  A  be  let  &11  on  it, 
it  wfll  bedhrided  in  the  same  ratio  as  the  diameters  or  radii 
of  the  wheel  and  axle ;  and  hence  its  relation  to  the  lerer  becomea  ^^»^**r^,    b 
wiD  be  immediately  seen  that  the  povcr  is  to  the  we%ht,  asy  A  to  M  ^  ;  that  n, 
as  the  radhis  of  the  axle  to  the  radios  of  the  wheeL     The  Telocity  with  vhieh 
the  power  and  weight  will  more,  is,  as  in  the  other  simple  marhinea,  iuTcrsely 
as  the  power  gained.     If  the  diameter  of  the  wheel  be  20  inches,  and  thatof  the 
axle  4  mdies,  the  power  obtained  will  be  f 
=  5  times ;  or  a  power  of  one  pound  will 
balance  a  weight  of  fire  pounds;  hot  the 
Telocity  with  whidi  the  weight  mores,  is  fire 
times   less  than  that  of  the   power.     The 
windlass  by  whidi  water  is   drawn  from 
wells,   and  the  capstan  used  to   raise  the 
anchor  on   ship-board,  are  iliustrations  of 
the  utility  of  this  simple  machine ;  but  the 
most  extensive  employment  of  the  wheel 
and  axle  is  in  combination,  in  which,  under 

the  name  of  wheel  and  pinion,  it  enters  largely  into  the  constmctioQ  of  Uie  i 
complicated  machinery.  In  the  arrangement  of  a  number  of  whe^  and 
pinions  for  the  purpose  of  gaining  power,  or  velocity,  each  pinion  is  connected 
with  the  following  wheel,  and  the  power  or  weight  is  attached  to  the  last  pinion. 

Thus,  in  the  foregoing  representation  a  b  and  c  are  three   whet^ ;  d  ef, 

three  axles  or  pinions,  as  it  may  be ;  the  power  p  puts  a  into  motion,  the  axle 

of  which  turns  6,  whose  axle  again  influences  r,  on  the  axle  of  which  th 

resistance  is  applied.     The  proportion  between  p  and  w  in  this  and  sinu1sa>  cases, 

will  be  found  by  multiplying   together  the  diameters  of  the  axles,  and  the 

diameters  of  the  wheels.     If  the  diameters 

of  the  wheels  be  14,  9  and  7,  and  the  axles 

be  3,  3  and  2,  the  power  obtained   will  be 

14  X   9  X   7 

— 49,  and  as  a  consequence, 

3x3X2  ^  ' 

the  velocity  of  p  must  be  49  times  greater 
than  that  of  ir.  When  wheels  and  pi- 
nions act  upon  each  other  as  in  watches 
and  other  machines,  a  number  of  teeth  arc 
cut  in  the  circumference  of  each,  in  nearly 
the  samr  proportion  as  the  radii  of  the  wheel 
and  ninion.  Sometimes,  especially  in  heavy 
machinery,  they  are  connected  by  bands,  as  in 
the  annexed  cut ;  but  the  calculated  power  is 
itill  tlie  same  at  whatever  angle  they  mny 
be  placed  to  each  other,  since  the  hands 
always  act  on  that  part  of  the  wheel  which 
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is  perpendicular  to  their  own  direcUon.  In  calculating  the  power  of  this 
machine,  allowance  must  be  made  for  the  friction  on  the  pivots,  the  weight 
and  stiffness  of  the  rope,  and  for  the  increased  magnitude  which  a  large  rope 
gives  to  the  wheel  or  aide. 

WHEEL.  A  circular  frame,  or  solid  disc,  made  of  wood  or  metal,  and  turning 
upon  an  axis.  There  are  a  variety  of  kinds,  but  we  shall  in  this  place  direct 
our  attention  to  carriage  wheels,  to  which  the  foregoing  definition  will 
best  applv.  The  ordinary  carriage  wheel  consists  of  three  principal  parts; 
namely,  the  nave,  hub,  or  centre ;  the  spokes  or  radii,  which  connect  the  centre 
to  the  periphery  or  ring.  The  ring  is  sometimes  made  of  one  entire  length, 
bent  into  the  circular  form ;  but  by  far  the  most  usual  plan  is  to  construct  the 
ring  of  a  series  of  curved  pieces,  correctly  jointed  endways,  so  as  to  complete 
the  entire  circle.  After  the  ring  is  thus  prepared,  and  every  joint  correctea  and 
smoothed  whilst  placed  in  its  true  circle,  the  joints  are  bored,  and  an  oaken 
dowel  or  pin  driven  into  the  perforations.  The  manufacture  of  the  spokes  con- 
sists in  chopping  them  first  to  nearly  their  shape,  and  then  finishing  their 
figure  by  spoke-shaves ;  afterwards  they  are  all  gauged  to  an  exact  length,  their 
shoulders  and  tenons  made,  the  tenons  that  are  to  enter  the  stock  heins  square, 
and  those  for  the  felloes  round ;  and  all  the  tenons  are  made  a  little  larger 
towards  their  shoulders  than  at  their  other  ends,  in  order  that  they  may  fit  very 
tightly  when  driven  up  into  their  mortises.  The  tenons  in  the  nave  depend 
wholly  for  their  firnmess  there,  to  accurate  workmanship ;  but  the  tenons  in  the 
felloes  go  through  their  thickness,  and  are  then  wedded  up  on  the  outside. 
The  strength  of  a  wheel  depends  greatly  on  the  attention  paid  to  the  arrange- 
ment and  framing  of  the  spokes ;  m  conmion  wheels  they  are  framed  equfUly 
all  round  the  thickest  part  of  the  nave,  the  tenons  of  the  spokes  being  so  beveled 
as  to  stand,  with  reference  to  the  horizontal  position  of  the  nave,  about  three 
inches  out  of  the  perpendicular :  this  is  done  to  produce  what  is  called  the 
di$kmg  of  the  wheeL  But  for  obtaining  increased  strength,  the  spokes  of  wheels, 
(as  in  those  of  the  mail  coaches,)  are  framed  so  that  every  other  spoke  shall 
stand  perpendicular  to  the  nave.  Hence  the  mortices  are  made  in  two  parallel 
lines  around  the  nave,  the  other  ends  of  the  spokes  entering  the  felloes  in  a 
tingle  line ;  therefore,  viewed  edgeways,  the  position  of  the  spokes  represents 
two  sides  of  an  isoscelef  triangle,  of  which  the  axis  forms  the  base  Ime,  (an 
arrangement  which  the  uninformed  will  clearly  understand,  upon  reference  to 
the  perspective  figure  of  Jones's  patent  suspension  wheel,  given  further  on  in 
this  artide ;)  this  confers  great  stability  to  the  wheel,  at  a  trifling  addition  of 
cost  of  workmanship. 

The  blocks  whicn  form  the  naves  of  wheels  are  furnished  to  the  wheelwrie^ht, 
of  the  size  required.  The  wood  preferred  for  this  purpose  is  elm.  To  produce 
their  round  conical  form  they  are  turned  in  a  lathe,  with  neat  mouldings  upon 
the  surface.  The  nave  is  now  ready  to  have  its  mortises  cut ;  which  is  a  work 
of  considerable  art,  especially  when  executed  in  the  rapid  and  correct  manner 
in  which  they  usually  are,  by  practised  workmen.  In  this  work  the  wheelwright 
uses  a  very  simple  and  efficient  tool,  that  is  peculiar  to  his  craft ;  it  is  called  a 
htiZj  and  is  employed  to  cut  out  the  angles  or  his  mortises  square  and  clean ;  it 
is  a  sort  of  douole  chisel,  or  that  in  which  the  straight  edges  of  two  common 
chisels  are  united  at  right  angles ;  and  it  cuts  out  the  comers,  as  may  be  sup- 
posed, very  expeditiouuy,  and  so  exactly  that  the  square  tenon  of  the  spoke 
oites  very  firmly  in  every  part  The  workman  fits  eacn  spoke  successively,  and 
puts  a  mark  upon  it.  When  they  are  all  fitted,  he  begins  to  put  the  whole 
wheel  together,  fitting  all  the  spokes  to  the  nave  first,  and  then  adding  the 
felloes.  In  this  state  the  wheel  is  put  to  season ;  that  is,  exposing  it  to  a 
current  of  air  for  a  week  or  two^  or,  as  in  some  manufactories,  placing  it  in  a 
kiln  for  a  few  hours,  heated  to  about  140o  Fahrenheit.  When  seasoned,  the 
whole  of  the  wheel  is  examined,  to  ascertain  if  all  its  parts  are  still  adapted  to 
make  solid  and  close  joints  in  every  part ;  and  if  found  so,  they  are  all  secured 
and  fixed,  by  driving  up  all  the  spokes  firmly  into  the  nave,  and  then  putting  on 
the  felloes,  and  drivmg  them  down  firmly  upon  the  shoulders  of  the  spokes ;  and 
the  ends  of  the  tenons,  which  come  through  the  felloes,  are  then  secured  by 


8H  WHEELS. 

wcdgn  diiveti  into  their  middles.  Tliti  done,  tlie  wbectwright  "  rlcam  oC;' 
that  ii,  fintilin  the  wood-work,  hj  hit  pUnn^  ihsro,  fiib-ikiii.  wnd  ^Iim  [h)w  i 
The  next  ofwrBtion  ii  to  put  on  the  iron  tire.  The  titc  i«  made  at  flat  bM'  inn, 
and  of  bresdlh  and  thickneu  proportioDHl  to  the  vhecJ.  When  tiie  tire  cob- 
Htta  of  separHle  pieeei  or  itrealu,  the  ban  are  cut  to  the  aame  length  ••  the 
ftUoei,  and  curved  to  the  ndhu  of  the  wheel,  and  hare  initaUe  holea  pmifled 
througli  them,  to  receive  very  itout  naOi,  bj  which  ihej  Kr«  •ocnrad  to  lh> 
wooden  ring  of  the  wheel ;  and  the  iron  tire  ia  ao  placed  over  the  feQoei,  as  te 
meet  in  the  middle  of  each  felloe,  and  thui  lecnre  moft  efiectually  dw  nnta  of 
the  latter ;  the  tire  naili  paa*  quite  throof^h  the  fcDoei,  and  «ra  liTettcd  on  the 
iniide  of  tbe  ring,  upon  ban  or  waahen,  which  materially  atnagtheiw  the  Uric 
Further  to  Und  and  comprea  the  paita  of  the  wheel  together,  tba  tire  ia  pot 
eel  in  a  red-not  itatej  which  boma  utd  nreaaea  d««m 


d  nailed  o 
!  bumpi  ai 
re.  Theb. 


to  the  wheel  i 


UM   wrPWM 

all  bumpi  and  inequalittet  of  the  inrface,  and  prodncet  great  ■oUoi^  of 
ler  lig:htTdiic 
have  niually  tbeir  tim  of  one  nngle  piece  or  rin^  ready  foraied,  wUdi 


LkiJ^. 


ofwbeelf, — thoae  lued  for  coachei  ana  other  ligihtTdiicle^- 


^and  m  « 


expanded  by  being  made  hot  in  a  circular  fire,  and  m  ttua  state  put  upon  the 
wooden  periphery  of  the  wheel,  when,  by  lla  ihrioking  ai  it  coda,  it  draw*  all 
the  paiti  of  the  wheel  together  with  irreriatible  forc& 

Many   jeara   ^;o   a   patent   wai   obtained   for  making  the  whok  wooden 

riphery  of  one  entire  piece,  ani 
the  wheeli  of  light  carnage*.     Straight  grained  a 
■teamed,  nntil  it  beeomei  very  flexible,  when  it  ii  b 
foitened  together  whiltt  in  iti  circular  form. 

Haringnowdeicrihedthe  tereral  partaofan  ordinary  c 
the  axletree,  and  box,  we  refer  the  readerforinformatiDn  on  thoae  pointa  to'dua 
initial  letter  (alio  (o  the  artidea  CAnaiioi  and  RaiLWiT,)  in  thia  wotk  ;  aai 
proceed  to  the  description  of  gome  modem  iroprovementi. 

The  purpoKS  to  which  iron,  whether  cast  or  malleahle,  may  be  naeA)% 
applied,  ate  daily  becofflbg  more  numerous;  itagreatdurability,  andtbe&dKty 
with  which  it  may  now  (by  the  aid  of  our  varied  and  powerfiu  maduneiy,)  ha 
wrought  to  any  deured  form,  point  it  ont  as  peculiarly  adapted  fat  the  whedasf 


carriages.     Accordingly,  various  attempts  have  been  made  at  different  timea  to 
construct  wheels  wholly  of  tliis  material,  but  certain  difficulties  have  ojipowd 


WHEELS.  8S5 

ibeir  fCDtral  introduclion ;  wid  their  uw  mi;  be  asid  to  have  bMn  eonfined  to 
ndl-rudi,  until  the  inTGDtioo  of  Mr.  Theodore  Jones,  who  took  out  a  patetit 
foi  Bn  "  iron  nupeaiion- wheel,"  about  eight  yean  ago,  and  a  large  manulactory 
irf  them  ba>  been  establlihed  at  Vauxhau,  from  vheoce  are  comtaollj  lent  out 
eoniiderable  numbers,  attached  to  the  carts  and  WRggoni  of  the  metropolis,  as  our 
London  readers  Till  teitify,  upon  recognizing  tbeir  representation  in  the  above 
eneravings,  ofwhich  F^.l  is  an  elevation,  and  ^.2  «  perapective  view  of  a  carter 
lignt  waggon-wheel,  the  prindpleof  tbeir  eooslructioniiat  diCTcring  according  to 


tbairapptiE*tioD,but  cmljin  the  proportioiii  of  their  part*.  FSff.  3  reprewat*  • 
nave,  ihown  on  a  larger  teale,  with  the  front  shield  or  eap  remoTed  to  show  th« 
construotion.  It  contains  eight  fealher*  or  divisions,  dividing  it  into  tight 
compartmenta.  fif.  4  )i  ■  section  of  the  nave,  with  the  front  and  back  shields 
in  their  places. 

At  a  is  ■  strong  rim  of  cast  or  wroaabt  iron,  with  a  rib  on  the  inside  to  givt 
additional  strengSi.  Sixteen  cooieal  holes  are  made  through  the  rim  at  equal 
diitances ;  bbb  are  wnngbt  iron  rods,  with  oodicbI  heads  c  e  e  filtine  into  the 
holes  of  the  rim,  and  have  soew*  ent  at  their  other  ends.  These  rodi,  through 
the  holes  in  the  rims,  and  oorreqiondinB  boln  in  the  nave,  where  the  screwed 
ends  are  secured  by  nuts,  are  nltdnlj  shown  in  the  tections.  The  shields  ar« 
then  placed  over  the  nave,  and  bj  the  pressure  of  their  flat  sorfacei  against  the 
sides  of  the  nnti,  they  are  prevented  &am  becoming  unscrewed.  A  hoop  or 
iron  tire  is  fixed  on  the  outer  circumference  which  is  to  be  replaced  when  it 
becomes  worn  by  use. 

The  description  we  have  thus  given  is  derived  from  the  specilicatioa  of  the 
pateutee ;  but  since  the  enrolment  of  that  document,  the  ei^rience  of  the 
inventor,  derived  from  great  practice,  has  enabled  him  to  introduce  many 
subordinate  improvements,  amongst  which  we  may  men^n,  the  making  the 
rim,  with  the  projecting  rib  underneath,  of  one  single  solid  piece  of  wrought  iron, 
obviating  tb(  use  of  any  cast  iron,  and  dispensing  entirely  with  the  necessity  of 
any  tire  ring.  HiIb  is  a  very  important  improvement,  as  it  was  discovered  that 
the  battering  which  the  tire  rings  received  against  the  stone  pavement,  bad  the 
effect  of  expanding  them,  and  coniequentTy  of  causing  tbem  to  separata  or 
become  loose  upon  the  iron  periphery  underneath ;  and  when  the  latter  was  of 
cast-iron,  ^actures  were  sometimes  made  by  the  concussions  of  the  road.  Now, 
•s  there  is  only  one  ring,  and  that  of  wrought  iron,  the  erpansion  that  it  may 
Dudergo  by  severe  battering,  has  only  a  tendency  to  increase  the  tension  of  the 
rods,  and  ue  stability  of  the  whole. 

It  will  be  observed  in  the  drawings  that  the  wheels  are  not  conical,  nor  dished 
as  uiual,  but  cylindrical ;  which,  in  the  opinion  gentrally  of  thosa  who  have 
been  enabled  to  examine  the  subject,  unprejudiced,  canses  them  to  move  with 
less  resistance  on  their  pi^ripheriei,  or  ma  ligtiter,  aa  the  phrase  it;  and  Ihcy 
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will,  from  the  same  came,  prove  le«  destrnctiTe  to  the  road.  Tbk  latt 
property  may  be  conaidered  ai  established,  aa  an  act  of  pmiiiament  empowt 
the  trustees  of  the  roads  to  reduce  the  toUs  oo  the  nrlindrical  wheeb,  to  U 
thirds  of  the  sum  paid  for  conical  wheels  of  similar  width.  The  reaaon  of  the 
patent  wheels  being  called  tunfmUm  wheels,  is  that  the  nare  may  he  *'««*^4fr 
aa  constantly  suspended  by  the  rods  abore  it  to  an  inflexible  aich  ;  jnitciri  < 
as  in  the  common  wooden  wheels,  resting  with  its  load  upon  the  p«rtieiikr  spaJ 
that  may  happen  to  be  underneath  it ;  aDdthositis  aiwned  thecoheaiteatiei^ 
of  the  metal  if  made  available,  which  is  undoubtedly  the  moat  adTantagco 
mode  of  employing  malleaUe  iron,  (it  having  been  ptxnred  by  repeat 
experiments,  that  a  rod  of  wrought  iron,  an  inch  in  diameter,  ia  capable 
sustaining  a  pull  of  twenty-seven  tons  weight ;)  and  the  weight  of  the  load  up 
the  axles  being  thus  suspended  to  the  upper  side  of  the  wheel,  the  lower  ro 
have  to  sustain  but  a  small  portion  of  toe  pressure^  and  are  not  lUM^  to  1 
broken  by  sudden  concussions  or  jolts.  From  the  superior  tenacity  of  tl 
metal  over  wood,  the  mass  of  roatenal  is  so  considerablv  reduced,  aa  to  rend 
a  suspension  wheel  not  heavier  than  a  wooden  one^  which  ia  applicahle  to  tl 
aame  Kind  of  carriage  or  strain ;  and  from  the  drcomstanoe  of  Aiy  ^Kpmitfi 
of  material  they  have  a  more  elegant  and  light  appearance,  requtiw  Icaa  drangi 
whiht  they  unquestionably  possess  increased  strength  and  dnrahility. 

However  excellent  may  he  the  workmanship,  or  however  firmly  an  ordinal 
wooden  wheel  ma^  be  put  together  in  the  first  instance,  the  wooden  feUoea  diat  lor 
the  periphery,  bemg  constantly  exposed  to  the  effects  of  wet  and  dry,  are  oontiii 
ally  expanding  and  contracting;  consequently  the  joint  or  conneziona  between  tl 
ends  or  the  spokes  and  the  felloes,  and  the  former,  either  beeome  looae,  or  spl 
the  felloes ;  when  this  takes  place,  the  several  parts  of  the  whed  yield  by  little  « 
little  to  the  strain  of  the  load,  or  the  effects  or  concussions,  and  the  whole  whe 
becomes  dislocated.  As  a  remedy  to  this  defect,  Mr.  Wm.-  Howard,  the  iifM 
master  of  Rotherhithe,  has  recently  propoaed  some  new  arrangementa  of  a  pr 
cisely  opposite  character  to  Mr.  Jones's;  which  we  proceed  to  describe. 

Mr.  Howard's  invention  has  no  reference  whatever  to  the  nave  of  the  whec 
but  is  confined  to  an  improved  mode  of  combtnioga  wheel  at  its  periphery.  B 
employs,  as  shown  in  the  subjoined  figure,  representative  of  aamall  portion  of 
wheel,  an  iron  rine  a,  as  the  outside  tire;  inside  of  this  tire  he  baa  anothi 
ring  of  iron,  6,  which  stands  as  a  substitute  for  the  ordinary  feUoes  ;  and  to  thi 
which  we  will  call  for  distinction  the  felloe-ring,  he  fastens  by  red-hot  rivets  ccl 
"  spoke-shoe*'  d  d,  made  of  the  shape  represented,  of  cast-iron,  and  cootainii 
a  central  cavity  or  socket,  for  the  insertion  of  the  end  of  a  spoke  e;  of  cooii 
there  are  as  many  spoke-shoes  as  spokes,  which  are  arranged  equidistant] 
around  the  inside  of  the  felloe-ring ;  when  these  have  been  all  firmly  fixed  i 


@^® 


the  manner  of  that  shown,  aud  tlie  spokes  have  been  all  duly  fitted  into  the  navi 
and  driven  home,  and  the  outer  eiios  of  all  the  spokes  have  been  accurateli 
gauged,  aiid  duly  fitted  to  the  sockets  of  the  shoes,  they  are  put  or  forced  inti 
the  same  sideways,  as  seen  at  c;  this  operation  is  performed  in  such  a  maxmei 
as  to  leave  a  space  i>f  about  half  an  inch  between  tlie  ends  of  the  spokes  and  tlu 


ends  of  the  lockeU,  far  the  purpose  of  wedging  them  up  firmly.     Thiiii  effected 
in  the  fallowing  manoer :— Against  the  squared  end  of  each  spoke  is  laid  a  thin 

E'ece  of  plate-iron^,  of  the  same  sectional  area;  then  is  driven  a  slightly  tapered 
ng  oaken  wedge  h  h,  the  foremost  end  pasdne  through  a  hale  cost  in  the  shoo 
">  •>••  opposite  aide  :  and  when  the  cavity  it  thus  closely  filled,  the  projecting 
■  "      ■      '       ■  .■■-..-  J-:-  -  : -^   -tddleofthe 


t  cut  oS)  and  a  sharp  iron  wedge  i,  ii  then  driven  into  the  i 
edge,  so  as  to  render  the  force  of  contact  as  grea' 
ought  iron, /I  is  then  put  into  the  cavity  reprcieated  01 


oaken  wedge,  so  as  to  render  the  force  of  contact  as  great  ag  possible ;  n  plate 
"'■         -  ■    ■  -   ■         e  A  i,  and  riveted  to 


the  shoe  by  \oae  red-hot  'rivets  pasiiog  through  the  whale.  AU  the  shoes  ai 
■pokes  being  thus  fitted,  the  tire  ring  ii  put  over  the  whole  in  a  red-hot 
state,  which,  shrinking  as  it  eools,  draws  the  whole  together  in  a  manner  that 
gives  it  extraordinary  solidity. 

It  will  be  observed  that  the  principle  of  conslractioii  of  Mr.  Howard's  wheels 
is  the  same  as  that  of  the  common  kind,  in  which  dependence  is  placed  entirely 
upon  the  stability  of  the  outer  ring  for  its  cohesion  ;  but  it  is  a  more  finished 
and  masterly  production,  is  constructed  of  more  tenacious  materials,  and  is  well 
calculated  to  obviate  the  leading  defects  before  mentioned  of  the  former.  The 
advocates  for  Mr.  Jones's  wheel  object  to  Mr.  Howard's,  on  the  ground  of 
its  not  being  on  the  tension  principle.  On  this  point  we  would  observe,  that 
the  spokes  undoubtedly  are  not,  but  that  it  may  be  fairly  contended  that  the 
periphery  is,  as  this  nust  be  torn  a«under  by  a  longitudinal  pull,  in  order  to 
destroy  the  cohesion  of  the  wheel  j  and  the  felloe-ring  alone,  (which  never 
wears,)  is  made  of  adequate  strength  to  bear  the  whole  strain,  without  any  of 
the  additional  support  it  derives  from  the  tire-ring ;  the  utmost  confidence  may 
therefore  be  placed  in  the  great  strenrtb  and  dur^ilil^  of  Mr.  Howard's  wheel*, 
however  excellent  may  be  the  principle  of  the  former  invention. 

A  patent  was  recently  token  out  for  a  very  strong  metallic  wheel,  by  tha 
Messrs.  Forrester,  «f  Liverpool,  contistiiig  of  a  skeleton  of  malleable  iron,  im- 
bedded or  surrounded  with  cast  iron.  Such  wheel*  are,  however,  necessarily 
very  heavy,  and  less  tnited  to  the  common  road  than  to  aaitwAt*.— For  a 
description  of  them,  see  the  latter  article. 

We  shall,  however,  advert  in  this  place  to  another  patent, — not  on  account  of 
any^  novelty  it  mav  be  found  to  contain,  hut  far  the  twofold  pnrpcae  of  eluci- 
dating a  process  that  we  had  imagined  was  commonly  practised  by  iron-masteni 
and  tire-imiths,  and  of  affording  us  an  opportunity  of  noticing  the 
principle  upon  which  wheels  in  general  are  canstrucled. 

The  Bpecificstion  of  Mr.  John  Meaden,  of  Southampton's  patent,  (enrolled 
June  1828,)  states  his  object  to  be  the  construction  of  the  tire  or  hoops  of  iron, 
which  surroimd  carriage  wheels,  coiseocw  on  the  inner  surface,  next  to  the  felloes, 
and  conrex  on  the  external  surlace;  the  objects  of  which  are  to  fix  the  tire 
more  securely  to  the  wheel,  and  to  reduce  the  friction  produced  between  the 
periphery  of  the  vhcel  and  the  road.  The  specification  proceeds  to  describe 
very  minutely  the  process  of  making  tires, — a  process  which  we  doubt  not  our 
readers  of  the  before-mentioned  callings  will  recognise  as  a  "  modem  antique." 
A  comman  flat  wnnght-iron  bar,  of  the  proper  width  and  length,  is  to  be 
passed  between  a  pair  of  rollers,  one  of  which  has  a  concave  groove,  and  the 
other  a  corresponding  convex  projectian,  so  as  to  compress  ana  bend  the  inter- 
venbg  bar  into  the  retjulred  form.  The  bar  thus  formed  is  next  bent  round 
into  a  hoop  of  the  required  siie,  with  the  concave  side  inwards,  and  then  the 
ends  are  welded  together.  To  give  the  hoop  the  desired  conical  I 
"  dishing, "  it  is  placed  over  a  large 
cast-iron  mandril,  hke  that  represented 
in  the  anneied  figure,  where  it  is  ham- 
mered until  it  takes  the  required  form. 
The  letters  a  and  b  indicate  hoops  of  dif- 
ferent sizes.  To  fix  this  hoop  to  the  wheel, 
it  is  heated  in  a  fUmace  of  a  circular  form, 
so  that  the  fire  may  act  uniformly  on  evtry 
part.  In  a  large  wheel,  this  process  of 
healing  the  hoop  causes  it  to  expand  about 
one  inch  in  circumference,  and  it  is  thereby 
tTjidr  'ar^  enough  to  ilip  over  the  wuihIi-d 
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wheel,  previously  prepared,  of  greater  dimennons  than  the  interior  circle  of  the 
iron  hoop,  in  the  cold  state.  Whilst  the  iron  hoop  is  being  heated,  the  vooda 
wheel  is  clamped  to  a  flat  circular  plate,  which  is  fixed  to  a  central  axts,  ts 
enable  it  to  revolve ;  and  this  axis  is  fix^  upon  an  horixcmtal  bar,  bj  whidi 
the  wheel  and  iron  plate  to  which  it  is  clamped  may  be  turned  in  either  a  Ter- 
tical  or  horizontal  direction.  Underneath  the  circular  plate  is  a  semicircular 
well  or  cistern,  containing  cold  water,  into  which  the  wheel  is  immersed  and 
turned  round  as  soon  as  the  hoop  is  put  on  it  This  application  of  <x>ld  to  tiie 
hot  expanded  hoop  causes  it  to  contract  with  irresistible  force,   pressing  the 

rkes  into  the  felloes  and  nave,  and  binding  all 
parts  together.  The  annexed  little  figure 
exhibits  a  section  of  the  new  patent  tire,  as  ap- 
plied to  the  felloe  d;  e  representing  the  end  of  a  ''^^'^'^ 
9poke.  A  curved  tire  like  the  foregoing  was  made 
many  years  prior  to  Mr.  Meaden's  patent,  but  by 
simpler  and  cheaper  means, — it  being  rolled  di-  *^ 

recUy  from  Uie  bloom  into  curved  bs^ ;  and  we 

think  we  remember  seeing  them  on  the  mail  coaches  more  than  twenty  yean 
ago.  The  curve  on  the  interior  side  of  the  tire  is  of  unquestionable  advaDtwe, 
in  causing  it  to  hold  more  securely  on  the  felloes,— as  must  be  evident  from  the 
preceding  figure ;  but  the  external  curvature  of  the  tire  is,  in  our  ojuiiiao,  of 
very  doubtful  utility.  The  rounding  of  the  extreme  edges  of  a  flat-bearing 
wheel  may  prevent  dirt  being  hitched  up  and  carried  round  with  the  wheel ; 
but  even  that  much  being  removed,  reduces  to  the  same  extent  the  resistance 
of  the  ground  to  the  wheel  sinking  into  it ;  and  if  the  whole  bearing  surface  be 
;t  rounded,  it  must  evidently  penetrate  deeper  into  the  ground,  and  in  so  doing 

force  the  materials  of  the  road  sideways.  Nevertheless,  tire  of  this  construction 
is,  we  believe,  still  employed  in  our  mail  coaches.  But  however  injorious  to 
the  roads  may  be  tire  of  this  kind,  the  practice  of  giving  a  conical  form  to  the 
rims  of  carriage  wheeb  is  infinitely  more  destructive.  This  form  has  an  evident 
tendency  to  move  in  a  different  direction  to  the  line  of  draught ;  and  the  power 
which  is  required  to  keep  it  in  a  straight  line  is  so  much  power  wasted  in  twist- 
ing the  materiab  of  the  road  out  of  settings,  and  grinding  them  to  powder. 

The  cylinder  (as  Mr.  Gumming  justly  observes^  having  all  its  parts  of  equal 
diameter,  will,  in  rolling  on  its  rim,  have  an  equal  velocity  at  every  part  of  its 
circumference,  and  necessarily  advance  in  a  straight  line.     And  as  allUie  parts 
I  of  the  rim  have  an  equal  velocity,  none  can  have  a  tendency  to  drag  forward  or 

1  impede  the  progress  of  the  others;  they  all  advance  with  one  consent,  without 

I  the  rubbing  of  any  part  on  the  surface  on  which  they  rolL     As  there  is  no 

*  rubbing  tliere  can  be  no  friction,  and  consequently  a  cylinder  perfectly  round, 

hard,  and  smooth,  forms  tlie  least  possible  resistance,  however  great  its  weight  or 
the  pressure  on  its  rim.  It  therefore  follows,  that  all  the  power  that  is  emmoyed 
in  drawing  forward  a  cylindrical  body  in  a  straight  line  on  a  compressible  sub- 
stance, is  ultimately  applied  in  compressing  smooth  and  levelling  the  substance  on 
which  it  rolls.  The  rolling  of  a  cylmdricalbody,  therefore,  can  have  no  t^idencv 
to  alter  the  relative  situation  or  parts  of  materials  on  which  it  passes,  nor  any 
how  to  derange  them,  but  by  a  progressive  dead  pressure  to  consolidate,  leveL  and 
smoothe  them.  If  a  cylinder  be  cut  transversely  into  several  lengths,  each  part 
will  possess  all  the  above  properties ;  and  if  the  rim  of  a  carriage  wheel  be  made 
exactly  of  the  same  shape,  it  must  necessarily  have  the  same  tendencies.  When 
I  wheels  with  cylindrical  rims  are  connected  by  an  axis,  the  tendency  of  each 

H  being  to  advance  in  a  direct  line,  they  proceed  in  this  connected  state  with  the 

same  harmony  and  unity  of  consent  that  exist  in  the  parts  of  the  same  cylinder  - 
but,  as  conicsi  rims  have  been  universally  preferred  for  a  series  of  years,  it  is 
natural  to  suppose  that  there  were  obvious  reasons  for  such  preference.  The 
cone  diminisnmg  gradually  from  its  base  to  its  point,  the  velocity  of  every  part 
of  its  circumference  in  rolling  on  an  even  plane,  will  be  diminished  as  the 
diameter;  and  at  the  very  point  where  there  is  no  visible  diameter,  it  will  have 
no  perceptible  motion  ;  but  if  the  cone  be  made  to  advance  in  a  straight  line 
the  natural  velocity  of  its  several  parts  will  not  be  as  the  spaces,  therefore  a 
rubbing  and  friction  will  take  place  at  its  circumference,  from  the  different 
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velocities  of  its  parts,  which  must  render  the  draught  heavier.  In  rolling  on 
paved  streets  nothing  can  be  conceived  more  calculated  for  their  destruction 
than  the  conical  rim  of  a  broad  wheel.     See  Carriages,  Axletrec:,  &c. 

For  Teethed  Wheels  employed  in  driving  machinery,  see  that  article. 

WHERRY.  A  small,  shallow,  light  boat,  made  very  sharp  both  at  the  head 
and  the  stem,  and  adapted  for  fast  rowing  and  sailing,  especially  in  tide  rivers. 

WHIRLING-TABLE.  An  instrument  for  illustrating  the  nature  of  the 
centripetal  and  centrifugal  forces.  The  disposition  which  bodies  have  to  fly  of! 
from  the  axis  round  which  they  revolve,  may  be  beautifully  exhibited,  by  em- 
plojring  ft  small  bucket  filled  with  water,  and  attaching  it  to  the  hand  by  a  flexi- 
ole  cord,  it  may  be  whirled  round  without  destroying  the  eouilibrium  of  the 
fluid,  or  causing  any  portion  of  it  to  be  spilled.  Precisely  in  the  same  way  are 
the  bodies  which  revolve  round  the  sun,  kept  from  falling  into  that  luminary  by 
the  centrifugal  force  #hich  is  generated.  Now  the  whirling-table  is  employed 
to  exhibit  the  amount  of  this  force,  and,  by  a  combination  of  weights  and  pulleys, 
a  variety  of  bodies  are  made  to  revolve  with  diflerent  degrees  of  speed.  The 
apparatus  usually  consists  of  a  frame  furnished  with  a  large  wheel,  round  which 
a  band  passes,  and  gives  motion  to  two  smaUer  ones.  On  one  of  these  a  rod  is 
attachea  for  baUs  to  slide,  and  on  the  other  a  flat  table  of  mahogany ;  and  these 
may  be  put  into  motion  with  different  degrees  of  speed.  The  whole  apparatus 
is  exceedingly  valuable  to  the  teacher  of  astronomy. 

WHIRLPOOL.  An  eddy,  vortex,  or  gulf,  where  the  water  is  continually 
turning  round.  Those  in  rivers  are  very  common,  from  various  accidents,  and 
are  usually  very  trivial,  and  of  little  consequence.  In  the  sea  they  are  more 
rare,  but  more  dangerous.  Sibbald  has  related  the  effects  of  a  very  remarkable 
marine  whirlpool  among  the  Orcades,  "  which  would  prove  very  dangerous  to 
strangers,  though  it  is  of  no  consequence  to  the  people  who  are  used  to  it. 
This  is  not  fixed  to  any  particular  place,  but  appears  in  various  parts  of  the 
limits  of  the  sea  among  these  islands.  Wherever  it  appears,  it  is  very  furious ; 
the  boats,  &c.,  would  inevitably  be  drawn  in,  and  be  destroyed  by  it ;  but  the 
people  who  navigate  them,  are  prepared  for  it,  and  always  carry  an  empty 
vessel,  a  log  of  wood,  or  large  bundle  of  straw,  or  some  such  thin^,  in  the  boat 
with  them.  As  soon  as  they  perceive  the  whirlpool,  they  toss  this  within  its 
vortex,  keeping  themselves  out ;  this  substance,  whatever  it  be,  is  immediately 
received  into  the  centre,  and  carried  under  water ;  and,  as  soon  as  this  is  done, 
the  surface  of  the  place,  where  the  whirlpool  was,  becomes  smooth,  and  they 
row  over  it  with  safety  ;  and  in  about  an  nour,  they  see  the  vortex  begin  again 
in  some  other  place,  usually  at  about  a  mile  distant  from  the  first" 

WHIRLWIND.  This  meteorological  phenomenon  arises  from  the  con- 
vergance  of  winds  from  all  parts  to  one  point  on  account  of  an  extraordinary 
rarefaction  of  the  air  at  that  point  The  currents  acquire  by  their  conflict  at 
the  place  of  meeting,  and  the  velocity  with  which  the  rarefied  air  rushes 
upwards,  a  centrifu^  force,  which  causes  them  to  recede  from  the  axis  of 
rotation.  When  the  centrifugal  force  thus  acquired  becomes  equal  to  the 
pressure  of  the  atmosphere,  a  space  approaching  almost  to  a  vacuum  surrounds 
the  axis  or  centre  of  motion,  and  as  the  whirl,  by  the  action  of  the  most 
prevailing  wind,  receives  a  progressive  motion,  it  is  obvious  that  the  pressure  of 
the  atmosphere  will  be  removed  from  every  object  passed  over  by  the  base  of 
the  vacuum ;  consequently  destruction  ma^  be  expected  to  mark  its  course. 
Partly  by  the  removal  of  the  atmospheric  pressure,  and  partly  by  the  whirling 
of  the  air  surrounding  the  vacuum,  loose  bodies,  a  hay-stack,  for  example,  will 
be  raised  with  irresistible  impetuositv,  and  dissipated  at  a  great  height 

WHISKEY.  This  species  of  ardent  spirit  is  much  used  in  this  country  as 
well  as  in  Ireland.  It  varies  considerably  in  the  mode  of  preparation  as  well  as 
in  its  strength  and  comparative  value.  One  of  the  modes  of  procuring  it  is 
stated  in  Gray's  Operative  Chemist  to  consist  in  mixing  3840  gallons  of  rye  or 
barley  ground  very  fine,  and  1280  gallons  of  coarse  ground  pale  malt,  and 
making  it  into  a  mash,  with  8500  gallons  of  water,  heated  to  ]  70^  Fahr.  There 
IS  Uien  drawn  off*  1020  gallons  of  this  wort,  and  a  lai^ge  quantity  of  yeast  is 
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mUei  to  i[ ;  and  when  the  mnaining  wort  u  eookd  to  SS*  Falu'.  eightj  gfHk 
of  nult  are  muhcd  iritl)  another  portion  of  1030  nlloDiof  hot  w«ter,  anddi 
bdng  drawn  off,  ii  mixed  with  the  flrM  wort,  and  the  jreuted  wort  is  a^addi 
liiii  waih  ihaold  have  th*  ipeciflc  grAr'itj  btaa  l.OH  to  1.110.  la  the  com 
af  ten  or  twelre  dan,  the  ipedfie  gravitr  gradoallT  dJminUhea  tfll  it  becoo 
ooIt  1.002,  when  the  jeaat  head  lalb  qmte  flatj  um  waih  baa  m  viaau  ^ 
and  twie,  and  )■  fit  for  the  itflL  It  ii  calculated  that  ere^  aiz^-fonr  gaUc 
af  meal  and  malt  ought  to  podoce  eighteen  saQona  of  qunt,  ao  much  alrtnf 
diau  ptMriptrit  that  ten  guloni  will  make  eleren  gaDoni  proirf'. 

In  general,  one-third  of  the  waih  ii  drawn  over  at  the  Brat  atOling^  and  1 
product  b  called  low  wine*,  the  specific  grafi^^  being  abont  0.975.  On  i 
dirtiDing  the  low  wine*,  a  milky,  fleiy  taited  ipirit  oomea  orer  «t  fint ;  wh 
the  nmniiw  tomi  dear,  the  ipirtt  that  hai  come  onr  ii  returned  into  the  at 
The  dutOiation  beiog  continued,  the  clean  tpirit  eooie*  over ;  nnd  when  t 
nmnlng  seta  below  a  certain  ipedfie  gravity,  the  remaining  apitit  which  con 
over,  unS  it  ceaae*  to  be  inflammable,  ii  kept  apart  bj  the  name  of  &dnla,  « 
ii  miud.wlth  the  nest  parcel  of  low  wineatoat  arediitQled.  Tb^  proportum 
malt  to  the  nw  grain  ii  •ometimei  diminithad  macb  below  that  atAtcd,  ertai 
low  ai  only  one-tenth  of  the  nw  grain.     If  the  wort  ia  not  itifSciently  beaTv, 


caibanic  add  ga*  carried  off  much  of  the  ipiHl,  have  corered  the  pita  witi 
flooring,  having  a  trsp  with  a  water  joiot,  to  prarent  theloaa  of  the  spirit;  t 
retaidi  the  fetmentation,  but  the  augmentation  of  the  produce,  although  dig 
i«  racked  folly  equivalent  to  the  Ion  of  time. 

WmCH.    The  bent,  or  crank-handle,  by  which  the  axea  of  machine*  i 

WIND.  Air  pat  in  motion  by  lome 
phyaieal  eaute,  lo  ti  to  become  a  current 
or  itream.  Winds  are  denominated  ac- 
eardiug  to  Ae  point*  from  which  they 
bIaw;iecCoiiPAM.  A  viuiety  of niaehin» 
have  been  invented  at  different  timn  fbr 
aaeertaining  the  itrength  or  velocity  ot' 
the  wind ;  ue  annexed  cut  repreteoli  one 
which  poiieMei  the  advantages  of  timpli- 
dty  of  conHruotion,andofbeingunemn 
in  iti  indicalionB.  It  ia  thus  formed : — A 
•qnare  open  ftwne  of  wood  or  iron,  abe, 
ii  lupported  by  the  shaft  d;  two  cTou  piece* 
are  fixed  at  ef,  carrying  an  horizontal  axit, 
which  b  moved  by  the  action  of  the  wind  ' 
upon  four  laili,  iii  t,  fixed  to  one  end  of 
the  axia,  and  diipoMd  to  be  influenced 
by  the  wind  in  the  nsual  manner.  Upon 
uii  azii  ii  alio  fixed  a  conical  barret  of 
wood,  on  the  nnaller  end  of  which,  n,  is 
attached  a  line  with  a  weight,  I,  appended 
to  it  The  wind  now  acting  upon  the 
laila,  canaei  the  barrel  to  revolve,  and  the 
fine  to  be  wound  round  its  inperfieiei.  To 
prevent  any  retrogrsde  motion,  a  ratchet 
wheel  0,  ii  fixed  to  the  base  or  larger  end  of  the  cone  m,  having  a  dicker  ftUSi 
into  it*  notche*  n*  it  revolves.  It  la  evident  that  the  force  of  the  weight  w 
continually  increase  as  the  line  advancea  toward*  the  base  of  the  cone,  by  t' 
power  being  applied  at  a  greater  distance  fn>m  the  axl*  or  fulcrum  ;  consequenl 
thevariableforceof  the  nmd  may  be  readily  ascertained,  by  fixing  the  line  at  tl 
snalleatend,  and  marking  the  barrel  with  spiral  line*,  aa  taken  up  by  the  coilin* 
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the  rope  round  its  tuperficies ;  placing,  also,  between  the  line  so  drawn,  numerical 
signs  to  denote  the  fiarceof  the  wind;  which  might  be  calculated  with  tolerable 
precision,  according  to  the  known  principles  of  the  Ie?er.  The  diameter  of  the 
oase  of  the  cone  should.be  such,  in  comparison  with  the  smaller  end,  that  the 
Tery  strongest  wind  should  have  scarcely  sufficient  power  to  bring  it  on  to  the 
end  of  it 

The  difEsrent  vdocities,  forces,  and  corresponding  popular  appellations  of  winds 
are  given  in  the  following  tables  derived  from  the  experiments  of  the  late  cele- 
brated engineer,  John  Smeaton ;  and  detailed  in  the  Fhilo9Qpkieal 


Velodtj. 

Ferp.  FoioeoBCoe 

iqaare  fimtinlbe. 

»Toirdap<rti. 

Per  hoar 
Miles. 

Per  Seooad 
Ftet. 

AroeDsdoiis. 

■ 

1 

1.47 

.005 

Scarcely  perceptible. 

2 
3 

2.93 
4.40 

.020 

.044 

1 

1  Perceptible. 

4 

5 

5.87 
7.33 

.079 
.123 

>  Gentle  breexe. 

10 
15 

14.67 
22.00 

.492 
1.107 

Pleasant  brisk,  gale.                              i 

20 
25 

29.34 
36.67 

1.968 
8.075 

Very  brisk  gale. 

30 
35 

44.01 
51.34 

4.429 
6.027 

-High  ^nds. 

40 
46 

58.68 
66.01 

7.873 
9.963 

Very  high  winds. 

50 

73.35 

12.300 

A  storm  or  tempest 

60 

88.02 

17.715 

A  great  storm. 

80 

117.36 

31.490 

A  hurricane. 

1 

100 

146.70 

49.200 

buildings,  trees,  &c 

To  which  may  be  added  a  still  more  remarkable  inatanoe  of  the  impetuosity 
of  a  hurricane,  as  related  by  M.  Rochou.  The  velocity  of  the  wind,  aa 
observed  by  him,  was  no  less  than  109  miles  an  hour,  or  159.88  ieei  pear  second ; 
and  its  force  against  a  perpendicular  plane  of  a  foot  square,  was  estimated  at 
58.45  pounds  avoirdupois.  Of  the  causes  and  theoiy  of  winds,  many  very  able 
philosophers  have  treated  largely;  as  Des  Cartes,  Rohault,  Bacon,  De  Luc, 
HaUey,  Prevost,  Derham,  Eles,  Muschenbroeck,  Dalton,  and  others.  We  have 


I 
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not  room  to  introduce  eren  a  ibort  abitnct  of  their  Mrenl  theories,  bot  mnl 
refer  the  corioiu  reader  to  their  writm^  and  die  Tarioaa  parts  of  tb 
JPkitOtopkieitt  Tntnufftifjnt 

WIND-INSTRUMENTS.  An  accnrate  aniuamtaDce  widi  the  principleia 
scoustict  is  esMntial  to  the  icientific  ooostmctioii  of  ererj  species  of  mniied 
initnunent,  but  especially  those  which  owe  their  operatioa  to  the  action  o 
the  wind.  Wind-instruments  eenerally  produce  their  effects  by  the  "wibn 
tions  of  a  column  of  air  conmed  at  one  end,  and  either  open  or  shot  s 
the  other.  These  ribrations  are  determined  mainly  by  the  length  of  dk 
sounding  column ;  yet  inferior  and  sohordinate  ones  are  found  to  r^^^'wi^  vid 
the  fundamental  one.  The  whole  colunm  spontsneously  dirides  itself  tnti 
portions  equal  to  the  hal^  the  third,  or  the  Ibaith  of  its  longitadinid  extent.  Ii 
mixed  wind-instruments,  the  Tibrstions  or  alterations  of  mid  bodies  are  mad 
to  cooperate  with  the  vihrations  of  a  giTen  portion  of  air.  Thus,  in  the  tmmpH 
and  in  boms  of  rarious  kinds,  the  force  of  mflation,  and  perhaps  the  dtt;ree  o 
tenHiun  of  the  lips,  determines  the  number  of  parts  into  which  the  tube  is  dirided 
and  the  harmony  which  is  oroduced.  In  the  serpent  the  lips  cooperate  with  ; 
tube,  of  which  the  effectiTe  length  may  be  varied  hy  opening  or  abutting  holes 
and  the  instrument  which  has  Iwen  called  an  oiganised  trumpet,  appears  to  act  ii 
a  similar  manner.  The  trombone  has  a  tube  which  slides  in  and  out  at  pleasure 
and  chanees  the  actual  length  of  the  whole  instrument.  The  hautboy  and  th 
clarionet  have  mouth-pieces  of  different  forms,  made  of  reeds  or  canes ;  and  th 
reed-pipes  of  an  organ,  of  various  constructions,  are  furnished  with  an  elasti 
plate  of  metal,  which  vibrates  in  unison  with  the  column  of  air  which  thr 
contain. 

The  longitudinal  vibrations  of  a  column  of  air,  contained  within  a  tube  opei 
at  both  ends,  are  powerfully  excited,  and  very  loud  and  dear  tones  producer 
by  the  inflammation  of  a  streamlet  of  hydrogen  gas.  This  curious  experimen 
was  first  made  in  Germany,  and  it  is  verv  easily  performed.  A  phial,  bein^ 
partly  filled  with  dilute  sulphuric  acid,  a  ^w  bits  of  zinc  are  dropped  into  thi 
liquid.  As  the  decomposition  of  the  water  embodied  with  the  acid  noi 
proceeds,  the  hydrogen  g^as,  thus  generated,  flows  regulariy  from  the  apertnre 
The  gas  being  first  ignited,  and  a  glass  tube  placed  over  the  exit-^ue,  tlM 
burning  speck  at  its  point  instantly  shoots  into  an  elongated  flanae,  ani  create 
a  sharp  and  distinct  musical  sound.  This  effect  is  not  owing  to  any  vibratiou 
of  the  tube  itself;  for  it  is  in  no  way  altered  by  tying  a  handkerchief  tightlj 
about  the  glass,  or  even  by  substituting  a  cylinder  of  paper.  The  tremor  ex- 
cited in  the  column  of  air  is,  therefore,  the  sole  cause  of  the  incessant  tone^ 
which  only  varies  by  a  change  in  the  place  of*the  flame,  or  a  partial  obstructioa 
applied  at  the  end  of  the  tube.  The  exciting  force  must  necessarily  act  hi 
starts,  and  not  uniformly.  The  column  of  air  contained  within  the  tube  is  ii 
reality  agitated  by  a  series  of  incessant  strokes,  or  sudden  expansion  ;   and  it  h 

grobable,  that  an  instrument  possessing  great  power  in  a  small  compaae,  migh 
e  thus  constructed. 

WINDLASS.  A  machine  used  on  board  ships,  chiefly  for  raising  the  anchor 
It  may  be  regarded  as  a  modification  of  the  mechanical  power  termed  the  whee 
and  axle,  employed  to  raise  buckets  from  wells,  and  for  infinite  variety  of  othei 
uses.  In  nautical  affairs,  it  consists  of  a  large  cylindrical  piece  of  timber 
moving  round  its  axis  in  a  vertical  position,  and  is  supported  at  its  two  ends  bj 
two  pieces  of  wood  called  knight-heads,  which  are  placed  on  the  opposite  sides 
of  the  deck,  near  the  foremast :  it  is  turned  about  by  levers  called  handspikes 
which  are  for  this  piurpose  thrust  into  holes  bored  through  the  body  of  th< 
machine.  The  lower  part  of  the  windlass  is  usually  about  a  foot  above  th^ 
deck  :  it  is  furnished,  like  the  capstan,  with  strong  iron  pauls,  to  prevent  it  froo 
turning  backwards  by  the  pull  of  the  cable  and  anchor, or  from  being  strained  by  thi 
violent  jerking  of  the  ship  in  a  tempestuous  sea.  The  pauls  fall  into  notche 
cut  in  the  surface  of  the  windlasj,  and  lined  with  plates  of  iron.  The  windlaa 
is  heaved  round  by  the  men  who  work  it  throwing  their  weight  upon  the  ends  o 
the  handspikes,  which,  moving  through  a  much  greater  space  than  the  leogtl 


WINDMILL.  893 

of  the  cable  taken  up,  iMIiabtate,  in  elfect,  an  increase  of  power  equal  (o  much 
frreater  space :  and  by  this  aimple  mechanical  nrrangprnent  aochon  of  much 

5reater  weight  than  th&t  of  the  nen  emplcjed,  are  raised  direct  from  the  sea. 
t  however  requires  considerable  dexterity  to  manage  the  handspike  to  Ibe  most 
advantage :  the  sailors  who  perform  it  rise  aimultaneuuily  upon  the  windlass, 
insert  their  leven,  throw  their  weights  to  the  extremities,  hy  a  sort  of  jerk,  all 
at  the  aame  instant,  and  weigh  up  the  anchor  six  or  eight  inches  at  each  pull, — 
the  motion)  of  the  menbeioer^nlatedto  time  by  the  howling  of  one  of  the  crew. 
To  save  Ibe  time  employed  by  the  men  in  working  a  windlass  in  raising  the 
handspikes  from  one  slot  to  another,  and  also  to  give  additional  power  to  the 
machine,  apateDt  was  receniljr  taken  out  by  Mr.  George  Straker,  a  ship-builder, 
<tf  Sonth  Sriields, — a  peripective  sketch  of  oboee  windlass  is  subjinned.  The 
increase  of  power  he  obtaina  by  fixing  on  the  barrel  of  the  windlaas,  at  one  end, 


oeorings  which  support  the  windlass  itself.  Upon  each  end  of  the  pinion  axis 
are  fixed  two  circular  appendages  c  c,  which  are  formed  like  two  crown  ratchet 
wheels,  with  only  four  teeth  in  each,  placed  lace  to  face,  and  with  the  teelli 
directly  opposite  to  each  other,  and  only  about  an  inch  apart,  so  as  to  leave 
cavities  tiNetween  them  of  a  suitable  form  to  receive  handapikea  of  the  shape 
represented  in  the  above  cut, — the  upper  figure  showing  the  operating  end 
edgeways,  and  the  lower  figure  the  same  broadways ;  wherein  ia  shown  a  fork  or 
slot  for  the  reception  nf  the  axis,  when  it  ji  being  turned  round.  This  forked 
end  is  of  course  made  of  iron,  and  sufficiently  tlim  to  pass  up  between  the  pro- 
jecting teeth  of  the  pieces  e  e,  when  withdrawn  a  few  inches ;  and  by  this  mean) 
it  can  be  raised  with  facility  ;  and  when  it  is  pushed  in,  its  shoulden  d  d  rest  on 
the  nrojecting  teeth,  which  enables  the  men  to  turn  the  pinion,  and  through  that 
medium  the  windlass  acts  with  great  power.  It  will  be  perceived  that  by  this 
arrangement,  instead  of  having,  as  usual,  lo  withdraw  the  handspikes,  and 
insert  them  in  a  fresh  hole  every  time  they  are  brought  down  to  the  deck,  they 
have  only  to  be  withdrawn  until  their  shoulders  can  pass  outside  of  the  project- 
ing teeth,  moved  past  a  second  pair  of  teeth,  and  then  returned  again,  tiU 
the  shoulders  rest  firmly  upon  them.  This  is  evidently  a  very  convenient  and 
excellent  method  of  working  a  windlass,  and  might  be  applied,  as  stated  by  the 
patentee  in  his  specification,  lo  windlasses,  without  the  intervention  of  the  spui~ 
wheel  and  pinion. 

WINDMILL.  A  milt  of  any  kind  actuated  by  the  impulse  of  the  wind. 
They  are  of  two  kinds — oerlicai  and  ioriamta!. 

Vertical  windmill*  (to  which  a  decided  preference  has  been  hTtberlo  given) 


h 
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usuiUy  consist  of  a  strong  shiit  or  ftxU  incUiiiiie  •  little  upwrnrds  firom  I 
horizon,  with  four  long  yaras  or  arms  fixed  to  the  highest  endy  perpendioilax 
the  shaft,  and  crossing  each  other  at  right  angles.  Into  these  arms  are  morti 
several  small  cross  hars,  and  to  them  are  fastened  two,  three,  or  four  kmgbi 
running  in  a  direction  parallel  with  the  length  of  the  anns;  so  that  the  fa 
intersect  each  other,  and  form  a  kind  of  laSice-work,  on  which  the  dotli 
spread  to  receiTe  the  action  of  the  wind.  These  are  called  the  sails,  and  an 
the  shape  of  a  trepeadum,  usoally  about  nine  yards  lofoz  and  two  wide.  1 
direction  of  the  wmd  being  always  yery  oncertani  and  Tariable,  it  beooi 
necessary  to  pronde  some  contriTsnce  for  bringing  the  sails  into  a  proper  p 
tion  for  recenring  its  impression.  Two  methods  have  been  derised  lor  1 
purpose,  one  of  which  is  denominated  the  post-mfll,  the  other,  the  smoek-n 
"Die  post-mill  is  so  called  Arom  the  circumstance  of  the  miU  being  built  roi 
a  massiTe  central  post,  made  out  of  the  whole  trunk  of  a  stoat  tree,  wbid 
sunk  TerticaUy  in  the  cjound,  and  supported  in  its  position  hj  oblique  stmb 
braces,  which  extend  uom  a  platform  on  the  ground  to  the  mid^e  of  the  p 
|i*l  leaving  10  or  12  feet  of  the  upper  part  free  from  the  braces.   The  part  dins 

free  from  obstruction  is  rounded  and  made  to  pass  through  a  circular  col 
1.  formed  in  the  flooring  of  the  lower  chamber,  ana  to  enter  into  a  socket  & 

into  the  flooring  of  the  upper  chamber,  and  to  one  of  the  strongest  croas4waj 
j;;  which  must  sustain  the  whole  weight  of  the  miD-house;  so  that  by  means  o 

'I '  pivot,  or  gudgeon,  fastened  on  that  part  of  the  post  which  enters  into  the  sock 

the  whole  machine  can  turn  about  horixontailj  to  huce  the  wind.  A  strc 
framing,  united  by  joints  at  the  back  of  the  null-house,  descends  in  a  slopi 
direction  to  the  mund,  and  is  there  fastened  to  short  ports,  when  placed  in  i 
position  required  for  the  sails  to  be  acted  upon  by  the  wind.  To  this  firaou 
ladder  is  attached,  which  leads  into  or  out  of  the  miU-houae.  To  the  bottom 
this  frame  a  rope  is  fastened  and  conducted  to  ta^e  in  the  mill-hoase,  by  whi 
the  frame  can  oe  lifted  from  the  ground,  while  its  position  is  being  changed, 
the  inanner  of  a  capstan  post,  to  suit  the  wind. 

The  smock-mill  does  not  depend  upon  a  central  post  for  its  main  sopport,  I 
it  is  generally  a  strong  independent  building,  the  upper  portion  or  which 

n  usually  a  tower  of  the  form  of  a  truncated  cone,  constructed  of  wood,  a; 

mounted  upon  a  vertical  waU  of  masonry,  containing  two  or  three  floors,  whc 
tlie  work  of  the  mill  is  performed, — the  tower  above  containing  a  vertic 
shaft,  by  which  the  motion  and  force  is  communicated  from  the  sails  to  t 
inill-stones.  The  head  or  cap  in  the  upper  part  of  the  mill  is  provided  wi 
a  cap,  which  u  contrived  so  that  it  may  turn  itself  about  as  the  wind  change 
I  fur  tiiis  purpose  there  is  a  nearly  horizontal  framed  projection  at  the  back  pi 

of  the  head,  which  carries  some  smaU  sails  acting  as  a  vane,  there  bong^  cc 
centric  with  the  axis,  a  large  grooved  ring,  around  which  a  circular  boo 
provided  with  anti-friction  rollers,  traverses. 

The  velocity  of  motion  of  the  sails  or  vanes  is  very  considerable.  Mr.  F< 
gtison  calculated  the  motion  of  the  tips  of  the  sails,  even  when  operated  up 
by  a  very  moderate  wind,  to  be  thirty  miles  per  hour. 

Horizontal  windmills,  as  their  name  implies,  are  such  as  are  worked  by  th< 
sails  revolving  in  a  horizontal  plane.  All  disinterested  authors  who  have  wr 
ten  on  this  subiect  condemn  them,  as  being  very  inferior  in  effect  to  those 
the  vertical  kind.  Smcaton  considered  their  effect  to  be  only  one-eighth,  b 
Dr.  Brewdter  shows  that  they  have  from  one-third  to  one-fourth  of  the  eflfect 
the  vertical.  It  is  probable,  however,  that  means  may  be  discovered  of  imprt] 
ing  them  considerably. 

To  ascertain  the  best  form  and  position  of  windmill-sails,  Mr.  Smoaton  ini 
tuted  a  series  of  experiments,  of  which  the  results  are  given  in  the  subjoin 
table : — 
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SM  WINDOW. 

WIXDOW.     An  (pmar*  b  the  waS  of  ft  InUimf,  bt  ibe  h'ibM f 

Eyitt  awl  >ir.  Modern  windows  ue  alaatf  imiluiiMlj'  fhmiifMiT  «iA  ^kbj 
(nmca.  that  open  tnd  doae,  hfaitu  ifaBttB*  and  bliDdi,  b^  whvb  tfas  MhaJMia 
of  (be  %fit  and  air  ma*  be  tmSj  RgnlMed  at  [Jiaiua. — Sre  dw  An^ 
CLur^i^  In  thii  place  we  porpoBe  to  notice  wrml  iiiip«ii»jiiu  iii«  wUa 
ban  df  lace  jcan  bmi  made  in  the  mechanical  coaalnKtiMi  of  wiuA»wa. 

It  hm  frt^tcntlj  ben  »  mlMct  of  eaapUist,  that  oar  poUie  ediica  an 

far  that  puiuuat  aic  *ctt  mcanTcnienl.    The  iilib  it  mode  villi  wUeh  w>  mt 

^- --■  -  -"-alof  eaaementi  bimf  opon  hinges  and  Sntcacd  by  n  UttL    A 

impeored  method  waa  to  ban*  the  ca«Benta  no  >a  to  fwmc 
3ti ;  the  opening  and  thnttii^  oF  ihae  caaenaeota  br  pnUm  bM 
Imea  ii  alwan  accmnpanicd  with  aoisr,  and  Aey  aflbcd  tw  defence  ^n^  i 
■hower  of  lain,  nor  to  the  prnudicial  cfiecti  af  the  cold  air  Att\  i  iiiliiiii  on  tE'c 
hiaiii  of  the  penooi  ■aemblnl  ar»x  to  the  windavi.  Anoth^  mmje,  Ute<f 
intiDdiiced.  n  to  rat  oat  of  the  windowi  a  >paoe  to  rcceire  the  ImIT  of  a  K^aiBl 
hopper,  which  a  attached  to  the  window.  piujn.tiu|r  isvatd^  haTiw  a  ^w-  m 
the  lopk  l.ing  horiaoDtallf,  and  opening  apmtxia~     TheK  hcppaia  ^^  ciii^^* 


unugbtly  in  themwlrei,  but  an  rendered  Mill  taon  m  \rj  the  duat  whKh  lodsa 
on  them ;  which  dust  is  blown  into  the  building  when  the  flap  is  opened  flwuie 
admisnon  of  air.  To  Temedji  thcM  inconTenience*,  Meisn.  W.  and  D.  Baih 
•ome  ^eari  igo  invented  the  unngement  delineated  in  the  preceding  pare; 
\ij  which  a  ready  mode  of  action  on  the  upper  port  of  the  window  ia  obtained 
W  very  limple  machinei)',  while  the  sjrnmetry  of  tbe  window  is  preeerrcd. 
Fig.  1  give*  a  front  inside  view  of  a  windoH.  with  tbe  spparslui  attached,  n^d 
Jig.  2  ia  a  side  view  of  the  same ;  a  ahowa  tbe  flap  of  the  window  open  •  b  b  m 
bat  to  which  the  base  of  the  flap  ia  flied,  and  on  which  it  turns ;  e  a  lever 
having  one  end  fastened  to  the  extremity  of  the  bar  b,  and  fiuniihed  at  the 
other  end  with  an  eye,  which  receives  the  pin  or  atud  d;  this  atud  ■>  fbted  on 
tbe  vertical  rod  e,  which  terminates  below  in  a  rack  /,  and  is  secured  tn  an 
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iipriglit  podtion  bf  tlia  loopi  or  gaifif  ff  g.Oaoagli  whidi  il  p— iti;  A  ■  •  Ian- 
thorn  piDioD  of  two  teetK  *Iiicb  vb«n  turned  round  bj  meaiu  of  the  winoh  i, 
take*  into  the  notehet  of  tbe  rack,  and  consequenlly  drawi  down  the  rod  e,  or 
ntian  it,  according  to  the  direction  in  which  the  winch  i)  turned.  In  the  Rnt 
eaae.  the  *tud  d  drawi  the  lever  down,  and  consequently  mm  the  window  ;  in 
the  Utter  the  stud  ii  railed,  and  with  it  the  lerer,  which  thuU  the  window.  It 
may  be  proper  to  obaerre,  that  in  caie  of  the  upper  part  of  the  window  being 
aquire,  and  not  hafing  any  muUioni,  it  will  be  fonnd  necenaiy  (to  prevent  the 
entrance  of  the  air  at  the  aide  of  the  caaement,  when  it  openi)  to  hare  a  frame 
with  two  angular  lidei  idtached  to  the  windowa,  and  thoa  aidet  muit  hare  a  nnall 
return  rebate  for  t)ie  caaement  to  fall  agaiuit  wheD  it  iatbD^  opened,  which  will 
prevent  any  incoDTenicnce  ariain^  from  the  form  of  tbs  window. 

Servanta  and  otben  empicwed  in  the  cleaning  and  repairing  of  luch  windowi 
in  Eeneral  pronde  to  indifferently  for  their  lecuritv,  while  employed  on  the 
outaide,  tliat  nmnenwa  acndenti  have  occurTed.^.tome,  of  the  most  deplorable 
nature.  The  conttnieiioD  of  the  taah  windowi  that  we  have  now  to  notice, 
will  not  only  effectually  prerent  the«e  acddenti,  but  will  remain  a  permanent 
convenience  to  Ibe  boiue  in  which  they  ma/  be  adopted.  In  appearance  these 
•aahei  resemble  thoae  of  the  common 
kind,  and  the  upper  and  lower  M*h 
may  be  moved  twand  down  in  a  a- 
milar  manner,  llie  ontude  of  the 
sash  m*y  alao  be  turned  into  the  rooco, 
■o  that  it  may  becMil;  pBinted,gkMd, 
or  cleaned,  by  anaiaonttaodit^wilh- 
in  the  room,  vitnont  the  neceiMiy  of 
removiuK  the  ^a  or  beading*;  bf 
doing  which  tha  glaM  ia  (reqneiilly 
broken,  and  the  bud*  loit,  left  looae, 
or  dismatched,  and  a  eonaiderabla  ex- 
pense {ncurred.  The  frame  of  the 
window  il  fitted  with  grooves,  weight*, 
and  pulleys,  in  the  lunal  manner ;  the 
filleti  on  the  eaah  are  not  made  in  the 
lame  piece  with  the  aash  fiame,  but 
faileoed  thereto  by  pJvoM,  about  Ibe 
middle  of  the  *«ah;  opoa  AeM  ^rota 
the  aaih  is  turned  nond  at  pleuuie, 
so  as  to  get  at  the  aoMde  without  dis- 
turbing Uie  fllieta  or  groorea.  When 
the  luh  il  placed  vertically  (a*  the 
lower  one  in  the  fignre)  a  ipring  catch 
h<ddof  the  sliding  fiDeta;  "  ■^--  -  ■•■ 
uiual  manner,  bat  can  1 


ide  of  it  ihoot*  into,  and  tak; 
.  Hah  ilide*  up  or  down  in  the 
immediately  released,  and  tamed  inside-out    by 


h  Mr.  Manhall,  who  eommnnieated  it  to  the  Society  of 
Art*  ;  but  the  inrention,  with  some  unimportant  modiBcatioa)^  wai  lubaequenlly 
,i8tented  by  Mr.  Tuclj,  probably  from  ignorance  of  Mr.  Manhall's  prior  claimi. 
ffe  notice  thii  fact,  aiwmdowiof  thiskmdare  sometimei  called  Marshall'i,  and 
U  oUienTucly's  patent  revolvins;  windows.  On  account  of  the  ^ditional  expense 
'fi«m  lix  to  twelve  ihillingi}  of  these  window*  above  the  ordinaiy  kind,  the 
^ilden  do  not  eneonrage  them ;  but  this  additional  expense  is  scarcely  worthy 
«f  notice  by  a  private  individoal  in  building,  when  the  important  advanlBgei 
:i  eonfert  are  taken  tnlo  account 

To  keep  the  sasbei  of  ordinal^  window*  at  equal  distance*  from  the  sidei,  so 
ihat  they  may  not  be  impeded  in  drawing  up  and  down,  (as  i*  often  the  caie, 
on  account  of  ibe  sash  swinging  as  it  ii  suspended  by  Ihe'top,)  Mr.  Woolwich 
na*  propoced  Ae  Mini4e  aopen£Lge  r«pr«MBl«d  in  the  aniMied  cut  Fia.  I  is 
a  plate  of  iron  two  mebM  lo«g  by  one  inch  wEda;  to  the  lower  part  of  which  is 
fiud  a  ipring  b,  Ikat  caniea  •  rdlar  at  it*  upper  end,  and  et  c  c  ore  two  holes 


Sz 


to  ateK  »«««  to  ft  it    lUifTfctinal^BwAiitWwMrfJ:    TkpoMi 
M^bcnrt  iatbea^oriheMhMficMMlrdMpbrtbewbale  to  icbu 
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—   ' 

edb,  Bi  theda«tidt]Paflbai|>iDf  wiO  |wijmI  Hi 

Od*  of 'the  pnsctp*]  olgcctkni  to  didii^  mAti  ia  ikn  ■jwiIhbi,  n  ' 
coHtf  in  uKHt  OMi  of  makiiw  a  iMiad  cuiag  Ibt  ibe  '"^■nrii  »■■■»■'- 
up  md  dawn,w)udi  fxrfiidw  tbe  l^bt,  and  n  nwdi  ^Me  ftr  Ae  •zUb 
good*,  nd  ii  bcMde*  muMillj,  according  to  iba  pcer^^  ^ie  m  Am 
matten.  To  obriato  Ihoe  otjactit*!,  alidtng  mhca  bm  wn^mS^^  faces  ^^ 
witb  a  long  bain  of  pollejrt  and  lino,  to  cany  tlie  vricba  to  a  ^mt^kt  ^^Bn, 
wImk  tbece  voold  be  (m  le»t  incombniiee.  Mr.  LodLai^  of  PtilaiMl  itiwl. 
ba*  bowerer  ii^niiuuiljr  cootrircd  U>  place  tbe  we^hti  in  a  iMim..!^!  -M_;f-,_ 
7  convminil  (itoatioa,  and  dM  mc^M  MMtad 


tt 


4J 


tor  that  putpOM  are  calculated  to  vork  well.     Fig.  1  in  tbe  anptaed 
repreieiiu  an  etevetioD,  and  Fifi.  2  a  plao.  the  corrMpondinglelttei* 
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referring  to  similar  parts,  u  is  the  upper  sash  cloaed ;  /  the  lower  sash  partly 
opened ;  a  the  weignt  to  the  upper  winaow ;  o  the  weight  to  the  lower  window ; 
«  e  are  the  pulleys  on  which  the  lines  run.  The  dark  space  above  the  window 
has  been  drawn  too  large  in  proportion  to  the  other  paits,  but  with  the  view  of 
showing  the  arrangement  more  clearly.  When  the  lower  sash  /  is  pulled  down, 
the  weight  o  is  drawn  close  up  under  the  pulleys,  the  curved  pieces  being  cut  out 
of  the  weights  for  that  purpose.  When  the  upper  sash  u  is  brought  down,  the 
weiffht  a  is  drawn  up  close  to  the  pulleys. 

To  arrange  these  several  parts  to  act  properly,  it  will  be  necessary  to  observe 
the  depth  of  the  casing  above  the  window,  where  the  weights  are  to  move ;  if 
that  be  (for  instance)  the  fourth  part  of  the  range  of  the  sashes  in  their 
grooves,  then  the  pulleys  on  which  the  lines  that  suspend  the  sashes  are  coileH, 
must  be  four  times  the  diameter  of  their  axes,  that  take  up  the  lines  from  the 
weights.  As  by  this  arrangement,  the  weights  only  move  tnrough  a  fourth  part 
of  the  space  of  the  sashes  in  the  same  time  (by  the  cords  passing  round  pulleys 
showing  these  relative  proportions,)  it  follows  that  the  weights  must  be  four 
times  the  weight  of  the  sashes  to  balance  them ;  and  to  save  space,  the  weights 
should  be  of  lead.  By  this  arrangement  it  will  be  observed  that  there  is  only 
one  case  for  the  weights  instead  of  two,  and  that  the  situation  above  the  window 
is  more  convenient  for  repair  than  at  the  sides.  For  pastry-cooks,  butchers,  and 
market  shops  generally,  this  improvement  offers  great  convenience  and 
advantage. 

Mr.  Thomas  Prosser,  an  architect  of  Worcester,  patented,  in  1830,  **  certain 
improvements  in  the  constniction  of  window-sashes,  and  in  the  mode  of  hanging 
the  same,"  which  appear  to  us  deserving  the  attention  of  the  reader.  He 
proposes  to  attach  the  upper  and  lower  sashes  to  the  same  lines  which  pass  over 
a  pulley  attached  to  each  side  of  the  frame  near  the  top  of  the  window.  These 
are  of  Uie  kind  usually  called  side  pulleys,  which  have  their  axes  at  right  angles 
to  the  surfaces  to  which  they  are  attached.  The  small  frames  in  which  the 
pulleys  turn  are  movable,  in  dovetailed  grooves,  in  the  window-frames,  and 
adjustable  by  a  screw  to  regulate  the  tension  of  the  sash  lines.  The  two  sashes 
are  thns  made  to  balance  each  other,  entirely  obviating  the  necessity  for  the 
metallic  counterp<»se8  usually  employed  to  faolitate  the  raising  and  lowering  of 
the  sashes.  From  this  description  it  will  be  perceived  that  one  of  the  sasnes 
cannot  be  moved  without  moving  the  other,  so  that  the  opening  can  never  be 
made  entirely  at  the  top  or  bottom  of  the  window,  but  an  equal  portion  of  it 
will  be  at  each. 

The  method  of  attaching  the  lines  to  the  sashes  consists  in  tying  neatly 
to  the  ends  of  the  lines  small  pieces  of  metal,  with  longitudinal  rectangular 
slits,  which  pass  over  T  studs  nxed  into  the  sashes,  with  their  heads  across, 
by  which  the  lines  are  secured  from  being  accidentally  detached  when  once  they 
are  hooked  on.  Instead  of  the  beads  which  are  generally  fixed  to  the  frame  on 
each  side  of  a  window-sash,  as  guides  to  keep  it  in  its  place  while  stationary, 
and  to  preserve  their  perpendi^ilar  position  while  elevated  or  depressed,  this 
patentee  fixes  a  single  rod  into  the  frame,  which  fits  accurately  into  a  groove  in 
the  side  of  the  sash.  This  constitutes  a  fitting  less  pervious  to  the  weawer  than 
that  usually  adopted,  at  the  same  time  that  it  affords  great  facility  in  cleaning 
the  windows ;  for,  as  the  guide-rod  of  the  lower  sash  does  not  extend  more  than 
half-way  down,  so  that  the  lower  sash  being  elevated  to  the  top  of  the  window, 
escapes  its  guide-rod,  and  roav  be  turned  inside-out,  and  the  upper  sash  being 
lowered  to  the  bottom  may  be  similarly  reversed ;  so  by  this  means  all  parts 
of  the  window  can  be  brought  within  reach  of  a  person  in  the  room,  for  the 
purpose  of  cleaning  or  repairing. 

We  now  proceed  to  describe  a  mode  of  securing  house  and  shop  windows 
from  the  depredations  of  robbers,  which  is  applicable  also  to  doors,  gates,  safes. 
Sec,  which  was  the  subject  of  a  patent  granted  to  Messrs.  Don  and  Smith,  of 
Pentonviile ;  and  consists  in  the  construction  and  adaptation  of  metallic  shutters, 
arranged  horizontally,  in  such  manner  that  when  the  window  or  door  in  closed 
each  shutter  forms  a  handsome  panel;  and  when  opened,  they  are  entirely 
withdrawn,  and  deposited  behind  the  entablature,  or  in  the  brickwork  above  or 


■r  proppTly  pottei 


their  itiBtulUg 


m-bunds ;  but  there  <riU  donbllca  bt         , 

It  of  H>  quick  a  conductor  of  lieat,  udrfM  pondna 


liloyni __,...._.  

..  _  1,  iW  fuch  ■  purpoM.     But  whslCTer  may  be  the  i 

aling   of  the  necewity  of  aiui-bUiKli  lU  a  ttymtMe  mppMtdage 

coiiiidcTxIiuii- 

In  the  annexed  enmving  ii  teprcxenipj  «  penpixtiTa  ' 
bouie  uT  a  Mreet,  <n  which  tho  metallic  ihulirn  and  ivk-bli 
■jiplled  thereto.      At  4  11  K  ihop- window,  Uld   M  (  i 


'ct; 


mi 


projected  two  of  (he  meUTlic  ihutlen  w  a  nm-btind.  having  alio  en  j  bHnii  al  1 
■ilk  cloth  or  other  deiirable  lubstance,  in  the  rorm  nf  stcton  of  circlca.  In  tkl  ] 
case  the  third  ahutlFr,  which  forms  the  set,  ii  drawn  op  and  depoailed  bfffajM'  J 
the  ertnblKture.  On  the  lirrt  floor  above  the  shop,  e  e  exhibits  Hie  api^lieai ' 
of  the  same  thing  on  a  iTnall  scale  lo  prirBtc  wiudows.  At  d  is  stnwa  a  win 
unclosed  1  that  ii,  the  shutters  are  supposed  to  he  withdrawn  entirely, 
deposited  imniedJDtelj  above  or  below  it,  as  the  patentees  adapt  them  to  h 
■iluationa.  At  e  is  a  window  entirely  closed  by  the  sliutleis,  prwaerttiit 
barrier  Bgainat  bnrglan,  said  to  be  bullet-proof;  and  at  o  is  shown  one  of'tlM  I 
shop  wiudowj,  siniilarlj'  closed.  The  shutters  are  made  in  the  following  nun 
Huvine  determined  the  number  of  plates  or  panaris  a  shutter  is  to  coni 
(usuhII^  three  ur  four,)  the  iron  or  steel  plates  are  well  hammered  in  the  tnai 

of  saw  plates,  so  as  to  condense  the  meto]  and  llallen  the  surfaces.     The  iij 

,-iTe  then  enclosed  in  grooves  made  in   a  rectanjrular  frame  of  bar--iraa,   tmi  I 
aivongly   riveitcd   thereto.      Thus  framed,   they   are   connected    togetii^ 
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eimire,  br  ^^  tower  borlvMitsl  bar  of  one,  and  the  upper  one  of  the  Dcxt 
mg  cut  into  Mnte  miflei,  tfaat  book  inle  one  another;  and  they  are  thus 
drawn  up  or  let  down  in  racceamn,  fay  sliding  with  their  vertie*!  aidei  in  deep 
grooTM  cat  in  baia  of  wroi^ht  inn,  which  fom  the  atylca  to  the  window.  The 
tipper  portion  of  iheee  groored  metaHio  itjrlea  ia  made  ta  aeparala  ttom  the 
lower,  by  tnmin^  upon  a  pirot  n-  hinge  joint,  at  the  top  of  the  window,  by 
which  meana  the  ihuttcm,  while  contained  in  the  groovM,  nay  be  yrajected  oat 
to  an  anele  of  about  GO  degne*  troia  the  peipeDdtcDlar,  aad  fbim  the  nin- 
blitida.  TbK  paleateei  hare  teigned  aaveral  maremanta  fin'  raiatng  or  lowering 
the  ahiilteTa ;  but  we  adopt  that  which  i«  apedflad  under  the  paltnt,  with 
reference  to  the  anutsed  aectioiMl  ignre.     Fraro  m  and  t  to  •  aad  d,  m  oM  of 


the  Hde  s^lei  to  the  window ;  fi-om  a  tu  /  ia  •  oootiiiDBtian  of  the  ityje  aiid 
IVame  behind  the  entablature,  wkera  all  the  three  ihnttMa  g,  A  and  i,  are  drawii 
up  and  depoaited.  whM  tbe  ahuttete  ate  not  in  uae.  The  groove  fir  the  upprr 
■hatterydoeanot  permit  it  ladeiceDd  lower  than  A,  nor  doe*  the  groove  for  the 
'  "  '  e  groove  for  the 
The  tun-blind  i* 
.    ,  le  two  upper  ihulten 

«  nnlocked  (i«m  the  lower,  and  the  latter  b  afterward*  drawn  up  to  the  top, 
aa  ifaown  in  the  Sgura.  To  the  movaUe  part  of  tbe  rtyle  ii  fixed  a  ourved 
rack  t,  the  teeth  ofwhieb  ^eer  into  ihoet  of  a  pinion  I;  tbe  axit  of  thii  pinion 
Carrie*  a  winch  m,  by  tumins  which,  tbe  aun-Uind  i*  throvQ  ou^  or  drawn  in. 
To  steady  the  rootion  of  the  bKnd,  tbe  movement  dcecnbed  is  mads  to  eotntnu- 


902  wimL 


puDtfj,  nmnd  vUdi  m  cndnt  pittlitd 

policy  o ;  the  warn  of  te  Iwt  lotntiuetA  k  a  looj^  ihaft,  extending 

acroM  tliit  winddv  (tha/vm  the  ^mi)  to  the  pfworin  ade,  vhcre  a  ec 

appantnt  pnjeet^  aadioppoiti  ^at  ode  of  the  ndi  falmd.     la  wdta  to  ftli 

the  blind  at  any  icuuugd  ancle  dial  k  aiaj  be  denied  to  praject  it,  there  ii  oa 

theazkof  %  aratAt-wh»e£  with  a  paD  ebore  ^  wUdi  toDa  into  the  tecdioa 

iti  penphcrj»  and  prevent!  iti  return  widMHil  benig  fifted  i^ 

The  dde  or  end  blinde,ooe  of  whi^  is  reprctented  atf;  are  made  at  dodiy  or 
other  flcziUeaibitance;  one  ode  is  attadied  to  the  prcjccdn^  put  of  theityie. 


and  the  other,  pawing  throQgh  a  lon^  and  vefTnarnwrdit,ia  attached  to  a  conieil 
roller  r  ;  when  the  untters  compouf  the  bond  are  drawn  in,  the  ^■"■^inl  itdlR' 
b  turned  by  means  of  a  dcteending  weight  «,  whieh  then  winds  opon  it,  in  erea 
lajcts,  the  sectorial  blind.  To  the  mid&e  of  the  lower  edffe,  and  at  the  baekof 
the  bottom  shatter  i,  a  suitable  line  or  chain  u  attached.  Thb  line  is  canied  op 
rerticaDv,  then  passes  orer  anulley  at  the  top  of  the  frame,  and  firooi  dftence  over 
side  pulLejs  down  to  a  barret  on  one  side,  on  which  the  cord  ia  wroond.  The 
lower  ledge  of  die  shutter  i  has  likewise  a  projecting  ledge;  oo  tfie  Amwing  up 
of  the  lower  shatter,  therefore,  by  the  cord  and  winch  described,  the  bottom 
edges  of  the  middle  and  npper  shatters  come  in  contact  with,  and  reat  opon  the 
ledge,  and  are  thereby  carnied  up  altogether  into  the  casing  behind  the  cntahU- 
tnre ;  to  keep  the  shutters  in  the  situation  they  are  thus  pot,  a  poll  dropa  into 
the  teeth  of  another  ratchet-whed  placed  on  the  axis  of  the  windm^  boiel. 

Subsequent  improvements  have  been  effected  upon  the  for^oinr,  whidb 
chiefly  consist  in  substituting,  for  the  movement  we  have  deaoibed^long  rv>- 
▼olving  screws  extending  from  top  to  bottom  on  eadi  side  of  the  window.  A 
Mmultaneous  motion  it  oTected  in  the  screws,  by  means  of  a  bar  extending  across 
the  bottom  of  the  window,  and  coonecdng^  by  bevil  wheels^  both  acrewa  widi  a 
winch  handle  by  which  they  are  turned.  Upon  the  screws  are  fitted  nnts,  to 
which  are  attached  the  shutters ;  and,  therefore,  by  the  operation  of  turning  die 
handle,  the  shatters  are  steadOy  raised  or  lowered  into  or  out  of  their  case. 

WINE.  A  term  applied  by  chemists  to  all  liquids  that  have  become 
vinous  by  fermentation ;  but  it  is  populariy  considered  as  confined  to  aaccharine 
vegetable  substances  that  have  been  converted  into  a  vinous  liquid.  It  seems 
to  be  a  necessary  condition,  that  sugar  must  be  present  in  a  v^^tahle,  to  enable 
it  to  ferment  and  become  vinous ;  but  this,  acc(»ding  to  late  discoveiies,  wiD 
not  exclude  starch,  gum,  and  other  similar  products,  which  are  capable  of  being 
converted  into  saccharine  matter.  Lavoisier  stated  that  pure  sugar  alcne  would 
not  ferment,  but  that  some  extractive  matter,  or  yeast,  must  be  added  to  enable 
it  to  undergo  the  vinous  fermentation  ;  and  he  considered  that  the  effecto  of  this 
fermentation  consisted  in  separating  the  soear,  which  is  an  oxide,  into  parts ; 
in  oxygenating  the  one,  at  the  expense  of  the  other,  to  form  carbonic  acid ;  in 
disoxygenating  the  other  in  favour  of  the  first,  to  form  a  combustible  substance 
termed  alcohol;  so  that,  were  it  possible  to  combine  these  two  substances, 
the  alcohol  and  the  carbonic  acid  mi^bt  reproduce  sugar.  It  is  necessarv  to 
remark,  that  the  hydrogen  and  carbonic  do  not  exist  in  the  state  of  oil  in  alcohol, 
being  combined  with  a  portion  of  oxygen,  which  renders  them  miacible  with 
water.  These  three  principles,  therefore,  the  oxygen,  the  hydrogen,  and  the  caz^ 
bonic,  are  here  in  a  kind  of  equilihnim ;  and,  in  fact,  by  causing  them  to  pass 
through  a  red-hot  tube  of  glass  or  porcelain,  we  may  recombine  them,  two  and 
two  together,  and  the  product  will  be  water,  hydrogen,  carbonic  acid,  and  carbon. 

In  all  wines  minr  be  distinguished  an  acid,  alcohol,  tartar,  an  eztraetiTe 
matter,  aroma  or  odour,  and  a  colourless  principle, — the  whole  bein^  diluted  or 
dissolved  in  a  smaller  or  larger  proportion  of  water.  An  acid  existe  in  all  wines,  bat 
all  are  not  acid  in  the  same  degree.  Of  some  wines  a  natural  acidity  is  the  prin- 
cipal characteristic ;  those  produced  from  grapes  not  perfectly  ripe,  or  that  g;row 
in  moist  climates,  are  of  this  kind ;  whiUt  such  as  are  the  product  of  the  fermenta- 
tion of  gTApes  that  have  atuined  complete  maturity  ana  sweetness,  contain  but 
a  very  small  quantity  of  acid.  The  proportion  of  acid  appears,  therefore,  to  be 
in  the  inverse  ratio  of  the  Rnccharine  principle,  and  coiiseauentlv  of  the  alcohol, 
which  is  produced  by  the  decomposition  of  the  sugar.     Alcohol  forms  the  truo 


WINE.  1K)3 

characteristic  of  wine.  It  is  the  product  of  the  decomposition  of  sugar ;  and  its 
quantity  is  always  proportionate  to  that  of  the  sugar  that  has  been  decomposed. 
Alcohol  abounds  more  in  some  wines  than  it  does  in  others;  those  of  hot 
climates  contain  a  large  quantity  of  it ;  whilst  those  of  cold  climates  contain 
scarcely  any.  Ripe  and  sweet  grapes  produce  it  in  abundance ;  but  the  wines 
made  of  erapes  that  are  unripe,  watery,  and  sour,  yield  very  little. 

The  foUowing  is  Mr.  Brande*s  valuable  table  of  the  quantity  of  alcohol  in 
difierent  kinds  of  wine  and  spirituous  liquors : — 

Proportion  of 

Alcohol  per  cent. 

bjmesrare. 

1.  Lissa,  average  of  two  samples 25.41 

2.  Raisin  wine,  average  of  three  samples  •    •    .    .  25.12 

3.  Marsala,  average  of  two  samples 25.9 

4.  Madeira,  average  of  four  samples 22.27 

5.  Currant  wine 20.55 

6.  Sherry,  average  of  four  samples 19.17 

7.  Teneriffe 19.79 

8.  Colares 19.75 

9.  Lachryma  Christi 19.70 

10.  Constantia,  white 19.75 

11.  Ditto    .    .  red 18.92 

12.  Lisbon 18.94 

13.  Malaga,  (1666) 18.94 

14.  BuceUas 18.49 

15.  Red  Madeira,  average  of  two  samples  •    •    .    .  20.35 

16.  Cape  Muschat 18.25 

17.  Cape  Madeira,  average  of  three  samples  •    .    •  20.51 

18.  Grape  wine 18.11 

19.  Calcavella,  average  of  two  samples      •    .    •    •  18.65 

20.  Vidonia 19.25 

21.  Alba  Flora 17.26 

22.  Makga 17.26 

23.  White  Hermitage 17.43 

24.  Roussillon,  average  of  two  samples      .     .    .    •  18.13 

25.  Claret,  average  of  four  samples 15.10 

26.  Malmsey  Madeira 16.40 

27.  Lunel 15.52 

28.  Sheraaz 15.52 

29.  Syracuse i  15.28 

30.  Sauteme 14.22 

31.  Bursundy,  averajge  of  four  samplaa     •    .     .    •  14.57 

32.  HocKy  average  of  three  samples 12.08 

33.  Nice 14.63 

34.  Barsac 13.86 

35.  Tent 13.30 

36.  Champagne,  average  of  four  samples  .    •    .    •  12.61 

37.  Red  Hermitage 12.32 

38.  Viu  de  Grave,  average  of  two  samples    .    •    .  13.37 

39.  Frontignac 12.79 

40.  Cote  Rotie 12.32 

41.  Gooseberry  wine 11.84 

42.  Orange  wme,  average  of  six  samples,  made  by  a 

London  manufacturer 11.26 

43.  Tokay 9.88 

44.  Elder  wme •    .     .    .  9.87 

45.  Cider,  highest  average 9.87 

Ditto    lowest    ditto 5.21 

46.  Perry,  average  of  four  samples 7.26 

47.  Mtad 7.32 
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75^  Fahrenheit    The  skins,  stones,  and  other  grosser  matters  of  the  grapes, 
are  buoyed  up  by  the  particles  of  disengaged  air  that  adhere  to  their  surface, 
are  variously  agitated,  and  are  raised  in  form  of  a  scum,  or  soft  and  spongy 
crust,  that  covers  the  whole  liquor.     During  the  fermentation,  this  crust  is  fire* 
quently  raised,  and  broken  by  the  air  disengaged  from  the  liquor,  which  forces 
its  way  through  it ;  afterwards  the  crust  subsides,  and  becomes  entire  as  before. 
These  effects  continue  while  the  fermentation  is  brisk,  and  at  last  gradually 
cease :  then  the  crust  being  no  longer  supported,  falls  in  pieces  to  the  bottom  of 
the  liquor.     At  this  time,  if  we  would  have  a  strong  and  generous  wine,  all 
sensible  fermentation  must  be  stopped :  this  is  done  by  putting  the  wine  into 
close  vessels,  and  carrying  these  into  a  cellar  or  other  cool  place.     After  this 
£rst  operation,  an  interval  of  repose  takes  place,  as  is  indicated  by  the  cessation 
of  the  sensible  effects  of  the  spirituous  fermentation ;  and  thus  enables  us  to 
preserve  a  liquor,  no  less  agreeable  in  its  taste,  than  useful  for  its  reviving  and 
nutritious  qualities  when  drunk  moderately.     In  this  new  wine  a  part  of  the 
liquor  probably  remains,  that  has  not  fermented,  and  which  afterwards  ferments, 
but  so  very  slowly,  that  none  of  the  sensible  effects  produced  in  the  first  fermen- 
tation are  nere  perceived.  The  fermentation,  therefore,  still  continues  in  the  wuie, 
during  a  longer  or  shorter  time,  altho<igh  in  an  imperceptible  manner;  and 
this  is  the  second  period  of  the  spirituous  fermentation, — which  may  be  called  the 
imperceptible  fermentation.     \Ve  may  easily  perceive  that  the  e^ct  of  this 
imperceptible  fermentation  is  the  gradual  increase  of  the  quantity  of  alcohoL 
It  has  also  another  effect  no  less  advantageous ;  namely,  the  separation  of  the 
acid  salt  called  tartar  from  the  wine.  This  matter  is  therefore  a  second  sediment 
that  is  formed  in  the  wine,  and  adheres  to  the  sides  of  the  containing  vessels. 
As  the  taste  of  tartar  is  harsh  and  disagreeable,  it  is  evident  that  the  wine, 
which,  by  means  of  the  insensible  fermentation,  has  acquired  more  alcohol,  and 
has  disengaged  itself  of  the  greater  part  of  its  tartar,  ought  to  be  much  heiXer 
and  more  agreeable ;  and  for  this  reason  chiefly,  old  wine  is  universally  prefer- 
able to  new  wine.     But  insensible  fermentation  can  only  ripen  and  meliorate 
the  wine,  if  the  sensible  fermentation  have  regulariy  proceeded,  and  been 
stopped  in  due  time.    We  know  certainly,  that  if  a  sufficient  time  have  not  been 
allowed  for  the  first  period  of  the  fermentation,  the  unfermented  matter  that 
remains,  being  in  too  large  a  quantity,  will  then  ferment  in  the  bottles  or  close 
vessels  in  which  the  wine  is  put,  and  will  occasion  effects  so  much  more  sensible 
as  the  first  fermentation  shall  have  been  sooner  interrupted ;  hence  these  wines 
are  always  turbid,  emit  bubbles,  and  sometimes  break  the  bottles,  firom  the  large 
quantity  of  air  disengaged  during  the  fermentation. 

We  have  an  instance  of  these  effects  in  the  wine  of  Champagne,  and  in  others 
of  the  same  kind.  The  sensible  fermentation  of  these  wines  is  interrupted,  or 
rather  suppressed,  that  they  may  have  this  sparkling  quality.  It  is  well  known 
that  these  wines  make  the  corks  fly  out  of  the  bottles ;  that  they  sparkle  and 
froth  when  they  are  poured  into  glasses ;  and  lastly,  that  they  have  a  taste  much 
more  lively  and  piquant  than  wines  that  do  not  sparkle ;  but  this  sparkling 
quality,  and  all  the  effects  depending  on  it,  are  only  caused  by  a  considerable 
quantity  of  carbonic  acid  gas,  which  is  disengaged  during  the  confined  fermenta- 
tion that  the  wine  has  undergone  in  close  vesseb.  This  air  not  having  an 
opportunif  V  of  escaping,  and  of  being  dissipated  as  fast  as  it  is  disengaged,  and 
being  intei posed  betwixt  all  the  parts  of  the  wine,  combines  in  some  measure 
with  them,  ai^d  adheres  in  the  same  manner  as  it  does  to  certain  mineral  waters, 
in  which  it  produces  nearly  the  same  effects ;  when  this  air  is  entirely  disen- 
gaged firom  these  wines  they  no  longer  sparkle,  they  lose  their  {nquancy  of  taste, 
oecome  mild,  and  even  almost  insipid. 

Such  are  Uie  qualities.  Dr.  Ure  observes,  that  wine  acquires  in  time,  when  its 
firat  fermentation  has  not  continued  sufiSciently  long.  These  qualities  are 
^▼en  purposely  to  certain  kinds  of  wine,  to  indulge  taste  or  caprice ;  but  such 
wiaet  are  supposed  to  be  unfit  for  daily  use.  Wines  for  daily  use  ought  to  have 
"Wdcigone  so  completely  the  sensible  fermentation,  that  the  succeeding  fer- 

Btetion  shall  be  insensible,  or  at  least  exceedingly  little  perceived.     Wine, 
rmcfa  the  fint  fermentation  has  been  too  far  advanced,  is  liaUe  to  worse 
^  n.  5  T 
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ineoDTCBiaieM  than  tbatin  which  the  fint  fcnneiitation  hat  been  too  qoieklj  aop- 
prewed ;  for  ererr  fermentable  liquor  if,  from  its  nature,  in  a  continual  inteatiiM 
motion,  more  or  lets  ttnmg  according  to  circomstanoet,  from  the  first  inttant  of 
^  tpiritnont  fermentation,  till  it  it  completely  purified ;  hence,  from  the  time  of 
the  completion  of  the  tpirituoos  fermentation,  or  even  before,  the  wine  b^;int 
to  undergo  the  acid,  or  acetout  fermentation.  Thit  add  fermentatton  ia  tcij 
•low  and  insensiUe,  when  the  wine  is  included  in  rery  close  ressela,  and  in  a 
eool  plaoe ;  but  it  gradually  adranees,  so  that  in  a  certain  time  the  wine,  inatead 
of  bemg  improved,  becomes  at  last  sour.  This  evil  cannot  be  remedied ;  becanae 
the  fermentation  may  advance,  but  cannot  be  reverted. — Fowreroy^  C/r^,  JBramie. 
Oxford  Cjfclopedia, 

WIRE.  Metallic  threads,  or  fine  rodt,  produced  by  forcibly  drawing  the 
ductile  metak  through  a  hole  of  less  area  than  their  previous  transverse  sections. 
The  sixes  of  which  wire  are  made  are  firom  three-eighths  of  an  inch  in  diameter 
to  that  of  the  four-thousandth  part  of  an  inch.  For  the  purposes  of  erobroideij  and 
similar  work,  gold  and  silver  are  commonly  drawn  to  such  fineness  as  to  be 
flexible,  and  at  conveniently  wrought  with  a  needle,  at  the  filamentt  of  eilk,  flax, 
ftc  with  which  they  are  unially  mixed.    See  the  articles  Gold  and  Silter. 

The  earliest  attempt  to  draw  ductile  metal  into  threads,  by  forcing  them 
through  holes  in  a  tteel  plate,  does  not  appear  to  be  determined.  At  first,  wire 
was  formed  entirelv  by  the  hammer ;  and  this  process  of  art  soon  became  a 
distinct  trade.  Beckman  observes,  "  As  long  as  the  work  was  performed  by  the 
hammer,  the  artists  at  Nuremberg  were  called  uare-MutAs,  but  after  the  inventicm 
of  drawing  iron,  they  were  called  wire-drawerM,  or  wire-wtUlert,  Both  these 
appellations  occur  in  the  history  of  Augsburg,  so  early  as  the  year  1351,  and 
in  that  of  Nuremberg,  in  1360 ;  so  that,  according  to  the  best  information  I 
have  been  enabled  to  obtain,  I  must  class  the  invention  of  the  drawing>-iron,  or 
proper  wire-drawing,  amone  those  of  the  fourteenth  century."  About  two 
nundred  years,  however,  elapsed  before  the  art  was  introduced  into  this 
country ;  nevertheless,  the  skdl  of  our  native  artists  soon  enabled  them  to 
surpass  the  foreign  manufacture,  if  any  reliance  can  be  placed  in  the  statement 
contained  in  a  proclamation  of  Kinff  Charies  I.  in  1630,  wherein  it  is  set  forth, 
**  That  iron-wire  is  a  manufacture  u>ng  practised  in  the  realm,  whereby  many 
thousands  of  our  subjects  have  long  been  employed ;  and  that  Engliah  wire,  of 
the  toughest  and  best  Osmond  iron,  a  native  commodity  of  this  kingdom,  and 
is  much  better  than  what  comes  from  foreign  parts,  especially  for  mi^n^  wool- 
cards,  without  which  no  good  cloth  can  be  made." 

For  the  manufacture  of  wire  for  piano-fortes  and  other  musical  instruments, 
Berlin  has  long  been  celebrated ;  and  it  still  deserves  a  preference  for  these 
purposes,  in  the  opinion  of  many  of  our  artists. 

For  making  iron  wire,  none  but  the  very  best  and  toughest  iron  should  be  used  ; 
that  made  entirely  from  charcoal  and  of  the  Cumberland  ore  having  the  preference 
Formerly  the  bars  were  reduced  to  the  required  sizes  for  the  wire-arawer  by  tilting 
it ;  but  now  we  understand  the  manufacturers  roU  the  bars  down  through  small 
grooved  rolls  to  very  small  sizes,  and  thub  material]  v  save  the  labour  of  drawing. 
The  rolls  for  thit  purpose  are  the  same  as  describea  in  the  article  I  son  (whicn 
see,)  but  are  superiorly  finished,  and  fitted  up  with  great  accuracy  of  adjustment, 
so  as  to  roll  very  perfect  cylinders  of  wire  down  to  an  eighth  of  an  inch  in  diameter. 
The  rollers  are  generally  from  seven  to  eight  inches  in  diameter,  and  make  upwards 
of  300  revolutions  per  minute;  so  that  the  rapidity  with  which  this  rolled  or  **  black 
wire,"  (as  it  js  sometimes  called,  to  dittinguish  it  from  the  bright,  or  drawn-wire,) 
is  made,  may  be  readily  conceived.  For  the  rims  of  pots,  kettles,  and  other 
kinds  of  **  hollow  ware,'  as  made  by  the  tinmen  or  braziers,  wherein  the  copper 
or  tinned  plate  is  wrapped  round  the  wire,  the  black  wire  is  equally  useful  with  tlie 
bright ;  for  these  purposes,  and  all  others  where  the  wire  is  hidden,  or  is  to  be 
painted,  the  rolled  black  wire  is  preferred,  on  account  of  its  greatly  inferior  cost. 
Whether  wire  be  drawn  by  water,  steam,  or  hand-power,  the  process  is  nearly  the 
same,  and  the  tools  very  similar.  In  order  to  get  the  end  of  the  wire  through  the 
first  reducing  hole  in  the  draw-plate,  it  is  sharpened  by  hammering  or  filing ; 
being  then  inserted  through  the  plate,  the  latter  is  laid  to  as  to  take  its  bearing 
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against  two  stout  pins  fixed  vertically  in  a  solid,  firm,  bench,  and  the  end  of  the 
wire  is  griped  by  a  pair  of  pincers  attached  to  a  chain ;  the  cross  lever  of  these 
pincers  are  so  formed,  that  tne  chain  when  nulled  has  a  tendency  to  draw  them  to- 
gether, and  in  proportion  to  the  force  appliea  to  them,  do  they  bite  or  eripe  the  wire ; 
by  means  of  a  powerful  lever  the  wire  is  now  drawn  through  the  hole  in  the  plate, 
which  is  well  lubricated  with  grease ;  and  when  a  sufficient  extent  has  been  thus 
drawn  through,  the  end  of  the  wire  is  fastened  to  a  cylinder  to  which  the  power 
is  applied,  and  the  wire  coiled  upon  it  as  it  comes  through  the  plate.  The  new 
wire  thus  drawn  is  very  stiff  and  hard,  and  requires  annealing  prior  to  the  next 
drawing  process.  When  annealed  it  is  put  mto  a  vessel  containing  an  acid 
liquor,  and  then  scoured  bright  before  it  is  passed  through  a  second  or  smaller 
hole,  in  which  the  operation  is  repeated  as  many  tildes  as  may  be  found  neces- 
sary to  reduce  it  to  the  size  required, — annealing,  treating  with  acid,  and  scouring, 
at  eveiy  succeeding  operation.  It  is  said,  that  in  order  to  heat  this  acid  liquor, 
at  an  eminent  manufactory,  some  ingots  of  brass  which  were  at  hand  were 
heated  red  hot  and  quenched  in  it  It  was  afterwards  found  that  the  iron  wire 
treated  with  this  acid  liquor,  was  covered  with  a  thin  film  of  copper,  (derived 
firom  a  slight  solution  of  tne  heated  ingot  to  the  acid,)  and  that  the  wire  was  in 
consequence  drawn  through  the  plates  with  much  greater  fiusility  than  usual, 
the  copper  evidently  acting  as  a  lubrication  to  decrease  the  attrition  between  the 
wire  and  the  draw-plate.  In  consequence  of  this  accidental  discoveiy,  the 
practice  has  been  since  continued  at  the  manufactory,  of  employing  a  weak 
solution  of  copper  in  the  acid  liquor  used  in  iron  and  steel  wire-drawmg.  The 
slight  coat  of  copper  is  got  rid  of  in  the  last  annealing  process. 

To  produce  a  perfect  and  durable  wire-drawing  plate,  is  a  work  of  considerable 
art ;  and  British  skill  has  in  this  respect  been  long  sun^ssed  by  the  French,  firom 
whom  all  our  best  "  draw-plates "  are  obtained.  The  process  by  which  our 
ingenious  neighbours  attain  their  superiority,  must  therefore  be  of  sufficient 
importance  to  our  countrymen,  to  entitle  it  to  a  place  in  our  work.  In  voL  xv. 
of  Zet  Arti  ei  Mitien  is  the  following  account  of  the  process,  bv  M.  Du.  Hamel. 

"  A  band  of  iron  is  forged,  of  two  inches  broad,  and  one  inch  thick.  This  is 
prepared  at  the  great  forge.  About  a  foot  in  length  is  cut  of^  and  heated  to 
redness  in  a  fire  of  charcoaL  It  is  then  beaten  on  one  side  with  a  hammer,  so 
as  to  work  all  the  surface  into  fiirrows  or  erooves,  in  order  that  it  may  retain 
the  substance  called  the  potin,  which  is  to  be  welded  upon  one  side  of  the  iron, 
to  form  the  hard  matter  on  which  the  holes  are  to  be  pierced*  This  potin  is 
nothing  hut  fragments  of  old  cast-iron  pots ;  but  those  pots  which  have  been 
worn  out  by  the  continued  action  of  the  fire,  are  not  good ;  the  firagments  yf  a 
new  pot,  which  has  not  been  in  the  fire,  are  better. 

'*  The  workman  breaks  these  pieces  of  pots  on  his  anvil,  and  mixes  the  pieces 
with  charcoal  of  white  wood.  He  put  this  in  the  forge,  and  heats  it  till  it  is 
melted  into  a  sort  of  paste ;  and  to  purify  it,  he  repeats  the  fusion  ten  or  twelve 
times,  and  each  time  he  takes  it  with  the  tongs  to  dip  it  in  water.*'  M.  Du 
Hamel  sa3rs,  this  is  to  render  the  matter  more  easy  to  break  into  pieces. 

'*  By  these  repeated  fusions  with  charcoal,  the  cast  iron  is  changed,  and  its 
qualities  approach  those  of  steel,  but  far  from  becoming  brittle,  it  will  yield  to 
the  blows  of  the  hammer,  and  to  the  punch,  which  is  used  to  enlarge  the  holes. 
The  bar  of  iron  which  is  to  make  the  draw-plate,  is  covered  with  a  layer  of 
pieces  of  the  potin,  or  cast  iron  thus  prepared.  It  is  applied  on  the  side  which 
IS  furrowed,  and  should  occupy  about  half  an  inch  in  thickness.  The  whole  is 
then  wrapped  up  in  a  coarse  cloth,  which  has  been  dipped  in  clay  and  water, 
mixed  up  as  thick  as  cream,  and  is  put  into  the  forge.  The  potin  is  more  fusi- 
ble than  the  forged  iron,  so  that  it  will  melt  The  plate  is  withdrawn  firom  the 
fire  occasionally,  and  hammered  very  gently  upon  the  potin,  to  weld,  and  in 
some  measure  amalgamate  it  with  the  iron,  which  cannot  be  done  at  once ;  but  it 
must  be  repeatedly  heated  and  worked,  until  the  potin  fixes  to  the  iron.  The  work- 
man then  throws  dry  powdered  clay  upon  it,  in  order,  they  say,  to  soften  the  potin. 

"The  union  being  complete,  the  plate  is  again  heated,  and  forged  bv  two  work 
men,  who  draw  out  the  plate  of  one  foot  to  a  length  of  two  feet,  ana  give  it  the 
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form  it  is  to  have.  It  is  well  known,  that  cast  iron  cannot  be  worked  at  the 
forge  without  breaking  under  the  hammer ;  but  in  the  present  instance,  it  u 
alloyed  with  the  iron-bar,  and  is  drawn  out  with  it.  It  has  also  acquired  new 
properties  by  the  repeated  fusions  with  charcoaL 

"  The  holes  are  next  pierced  whilst  the  plate  is  hot  This  is  done  with  a  well- 
pointed  punch  of  German  steel,  applied  on  that  side  of  the  plate  which  is  the 
iron4>ar.  It  requires  four  heats  in  the  fire  to  punch  the  holes,  and  every  torn 
a  finer  punch  is  employed,  so  as  to  make  a  taper  hole.    The  makers  of  draw* 

Slates  do  not  pierce  the  holes  quite  through,  but  leave  it  to  the  wire-drawers  to 
o  it  themselves  when  the  plate  is  cold,  with  sharp  punches,  and  then  they  open 
the  hole  to  the  size  they  desire ;  and  although  this  potin  is  of  a  very  hard  sab- 
stance,  the  size  of  the  hole  may  be  reduced  by  gentle  blows  with  a  hard  ham- 
mer,  on  the  flat  surface  of  the  plate  round  the  hole. 

"  A  great  many  holes  are  made  in  the  same  plate ;  and  it  is  important  that 
they  should  diminish  in  size  by  very  imperceptible  gradations ;  so  that  the  work- 
man can  always  choose  a  hole  suitable  for  the  wire  he  is  to  draw,  without  being 
obliged  to  reduce  it  too  much  at  once.'* 

The  next  considerable  wire  manufactory  in  France,  and  probably  in  the 
world,  is  that  of  the  Messrs.  Mouchel,  situated  at  L'Aigle,  in  the  department  of 
L'Ome.  It  furnishes  annually  in  cards,  for  wool-combing  only,  100,000 
quintals  of  iron- wire  ==  10  millidns  of  pounds!  The  whole  of  this  is  not 
requii%d  for  home  consumption,  but  is  exported  to  Spain,  Portugal,  Italy,  and 
other  countries.  As  the  excellence  of  their  products  is  in  a  great  measure 
attributable  to  the  perfection  of  their  draw-plates,  we  shall  here  add  the  process 
of  preparing  them,  as  described  by  the  Messrs.  Mouchel,  nrhich  differs  firom  that 
previously  explained. 

"  Several  pieces  of  iron  are  disposed  in  the  furnace,  in  the  form  of  a  box 
without  a  lid,  their  weight  beine  according  to  the  use  for  which  they  are  intended 
to  be  made.  The  workman  fius  each  of  these  boxes  with  cast  steel,  and  having 
covered  it  over  with  a  luting  of  clay,  it  is  exposed  to  a  fierce  fire  until  the  steel 
be  melted.  His  art  consists  in  seizing  the  proper  moment  to  withdraw  the  plate 
from  the  fire ;  he  raises  the  luting,  and  blows  on  it  through  a  tube,  in  order  to 
drive  off  all  heterogeneous  parts,  and  then  amalgamates  it  with  the  iron  by  light 
blows ;  after  it  is  cool,  he  replaces  it  at  the  fire,  where  the  fusion  again  ti£es 
place,  but  to  a  less  degree  than  before ;  he  afterwards  works  the  steel  with  light 
blows  of  the  hammer,  to  purify  and  solder  it  with  the  iron.  This  operation  is 
repeated  from  seven  to  ten  times,  according  to  its  quality,  which  renders  it  more 
or  less  difficult  to  manaee.  During  this  process,  a  crust  forms  on  the  steel, 
which  is  detached  from  it  the  fifth  time  of  its  exposure  to  the  fire,  because  this 
crust  is  composed  of  an  oxidated  steel,  of  an  inferior  quality.  It  sometimes 
happens  that  two,  and  even  three,  of  these  crusts  are  formed  of  about  two  mil- 
limetres, or  one-sixteenth  of  an  inch,  in  thickness,  which  must  also  be  removed. 

**  After  all  these  different  fusions,  the  plate  is  beaten  by  a  hammer  wetted  with 
water,  and  the  proper  length,  breadth,  and  thickness,  are  given  to  it  When 
thus  prepared,  the  plates  are  heated  again,  in  order  to  be  pierced  with  holes  by 
punches  of  a  conical  form ;  the  operation  is  repeated  five  or  six  times,  and  the 
punches  used  each  time,  are  progressively  smaller.  It  is  of  importance  that 
the  plate  never  be  heated  beyond  a  cherry-red,  because  if  it  receives  a  higher 
deeree  of  heat,  the  steel  undergoes  an  unfavourable  change.  The  plates,  when 
finished,  present  a  very  hard  material,  which  nevertheless  will  yield  to  the 
strokes  of  the  punches  and  hammer,  which  they  require  when  the  holes  become 
UM  much  enlarged  by  the  frequent  passing  of  the  wire  through  them. 

"  When  the  plates  have  been  repaired  several  times,  they  acquire  a  degree  of 
hardness  which  renders  it  necessary  to  anneal  them,  especially  when  they  pass 
from  one  size  to  another ;  sometimes  they  do  not  acquire  the  proper  quality 
until  they  have  been  annealed  several  times.  Notwithstanding  aU  the  pre- 
cautions which  are  taken  in  preparing  the  plates,  the  steel  still  varies  a  little  in 
hardness,  and  according  to  this  variation  they  should  be  employed  for  drawing 
either  steel  or  iron-wire  ;  and  if  the  workman  who  proves  them  finds  that  thev 
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ars  tou  tott  for  either  (he  Meel  or  iron,  tliej'  ore  pul  uiur,  lo  be  uied  by  the 
brau-wire  drawvri. 

"  A  plfllB  thnl  U  best  adapted  fur  drawing  of  iteel  wire  ii  often  unfit  for  the 
iron  j  for  the  louc  piece*  of  ihia  laller  metal  will  become  amaller  nt  the  extre- 
mitj  than  at  the  beginning,  becauae  the  wire,  ai  it  ia  drawn  ihrjugb  the  plate. 
it  inwDiibly  heated,  and  the  adhering  part*  are  awelUd,  consequently  pressed 
■nd  reduced  b  si:te  towurdi  the  Ut(«r  end.  The  pUiea  that  aro  tit  for  brass 
are  often  too  aofl  fur  iron,  and  the  effect  resulting  is  the  re verad  of  that  produced 
by  a  plate  that  is  loo  hard. 

"Tlie  smalleat  plates  which  Mesira.  Atouchei  use  are  at  the  least  two  een- 
timetrea.  or  eii;h(-lentha  of  an  inch,  in  ihicknesg,  so  that  the  hales  can  ho 
made  suSicii:iilly  deep ;  for  wlien  ihi-y  are  of  a  less  thickness  the^  will  seiie  ihc 
wire  loo  suddenly,  and  injure  it. 

"  This  inconvenience  is  much  felt  in  manufactories  where  they  continue  to  use 
lb"  plate*  far  loo  long  a  time,  as  they  hecume  exceedingly  thin  after  frequent 
repairs.  One  of  Messrs.  Mouchcl's  large  platei  reduce*  1,400  ktlo^amuie* 
(3,080  lbs.  avoirdu^ls)  from  the  largest  sile  of  wire  to  No.  6,  which  is  of  the 
ihickneiB  of  a  knitting-needle  ;  400  kilogrammes  (SSO  lb*.)  of  this  number  are 
afterwards  reduced  in  one  single  amall  ptute,  lo  No.  34,  which  is  catding-nire; 
and  lo  finiih  them,  they  are  paused  through  twelve  times  succesu'rely.  Wires 
are  frequently  drawn  ao  line  aa  to  be  wrought  along  wiih  other  threads  of  silk, 
wool,  or  hemp ;    and  ilius  they  became  a  conalilerDhle  article  in  the  muiiU' 

"  Or.  WollasloQ,  in  1813,  communicated  to  (he  Royal  Society,  the  result  of  his 
experiments  in  drawing  wire.  Having  required  some  fine  wire  for  telescopes, 
and  remembering  that  Muiclienbrock  mentiuned  wire  500  feet  uf  which  weighed 
only  a  single  grain,  he  deltrniiued  to  try  the  experiment,  although  no  method 
of  making  such  fine  wire  hnd  ever  yet  been  uubliabed.  With  this  view,  he  took 
■  rod  of  silver,  drilled  a  hole  through  it  only  one-tenth  its  diameter,  filled  tins 
hole  wilh  gold,  and  succeeded  in  drawing  it  into  wire  till  it  did  not  exceed  the 
three  or  four-thousandth  part  of  an  inch,  and  could  have  ihus  drawn  it  to  ihe 
greatest  Rneneis  perceptlhle  hy  llie  sensei.  Drilling  the  ailver  he  found  very 
bnublfsomc,  and  determined  tu  try  (o  draw  platina  wire,  aa  that  metal  would 
bear  the  silver  to  be  cast  round  it.  In  this  he  succeeded  with  greater  ease, 
drew  the  platina  to  any  fineness,  and  plunged  the  silver  in  heated  nitric  acid, 
which  distolved  il,  and  left  the  gold  or  plulina  wlrf  perfect."  , 

In  1819  a  patent  was  tiiken  out  hy  Mr.  Brockedon,  formounting  the  wire- 
drawing plalca  with  diamonds,  sapphires,  rubies,  and  other  hard  gems  ;  in  these 
conical  boles  were  lo  he  drilled,  wilh  their  extremities  rounded  olf,  which  were 
afterwards  to  be  polished  by  the  proceaiea  known  to  Upidariea.  By  these  means 
Il  was  expected  the  wire  might  be  more  equally  and  cylindrically  drawn,  owing 
to  the  impenetrable  hardnest  of  the  gems,  which  would  not  aenaihly  wear  from 
Ihe  same  cause. 

Aa  the  repealed  annealinga  to  which  iron  wire  ia  aubjccted,  I 
'  "■   -^        "    -     - -'■.bedraw-p'--  '"     '    ■       * 


yield  to  Ihe  reaiatance  of  the  draw-plate,  wuutd  he  destructive  of  the  properly  from 
arhlch  steel  derives  its  utility,  steel  wire,  therefore,  during  the  proccaa  of 
knnealing,  ia  aurrounded  wiib  charcoal-dust  from  which  carbon  ia  reabsorbed  in 
the  furnace ;  thus  the  metal  ia  rendered  very  aofl  and  yielding,  without  losing 
hi  iteel  property. 

Among  the  curioua  and  important  "  resulla  uf  machinery "  might  be 
mentioned  the  manufacture  and  application  of  steel  wire  to  ihc  making  of  Che 
bair-apringa  of  watches.  "  A  pound  of  crude  iron  cmts  one  half-penny  ;  it  is 
oonverled  into  steel;  that  steel  is  made  into  wale h -springs ;  every  one  of 
which,"  it  u  said,  "is  sold  for  hulf  a  guinea,  and  Weighs  only  the  tenth  of  a 
l^ain ,  after  deducting  for  waste,  there  are  in  the  pound  weight  about  7,0U0 
grains  ;  it  therefore  ufTorda  steel  for  70,000  watch-springs,  the  value  of  which, 
at  half  a  guinea  each,  il  35,000  guineaal"  Now  as  there  are  504  bolf-pence 
in  a  guiiicn,  the  pound  of  crude  iron  has  iucreased  17,640,000  times  in  value. 

The  looms  employed  for  weaviuj!  wite-eioih  are  not  essenlially  dilTereal  lo 
the  looms  employed  for  nenving  iillier  filxineuls,  and  several  patents  have  been 


I 


910 


WIRE. 


taken  out  for  modifications  of  the  power-loom,   to  adapt  it   to   weaTin 

wire ;  which  are  described  in  the  Repertory  and  Jovmal  cf  Pateni  Imwemtio 

The  application  of  wire-gauze  to  the  manufacture  of  baskets,  diah-covera, 

a  great  variety  of  useful  articles,  took  place  about  ten  jears  ago,  under  «  pi 

Cted  to  Mr.  Oosset,  of  the  Haymarket,  London,  who  brought  the  inTei 
i  abroad.    The  annexed  cut  is  explanatory  of  the  process  of  coorer 

The  operation  is  exceedingly  simple, 
being  performed  entirely  by  forcing  the 
wire-gauze  between  moulds  of  the  required 
sliape,  by  the  power  of  a  screw  press, 
which  causes  the  figure  or  pattern  thus 
pven  to  it,  to  be  permanently  retained 
after  the  article  has  been  withdrawn  from 
the  mould.  We  extract  the  following 
from  the  specification  before  us : — 

**  It  consists  of  a  pattern  or  block  a, 
of  metal,  wood,  or  other  suitable  material, 
which  is  formed  on  the  exterior  surface 
to  the  desired  shape  and  size  of  the  article 
intended  to  be  produced.  The  block  a 
has  a  screw  6,  projecting  up  from  the  top 
or  crown  thereof;  e  represents  a  pattern 
or  mould  made  in  like  manner,  of  any 

suitable  material ;  the  interior  surface  of  this  mould  is  fi>rmed  to  the  dei 
shape  of  the  article  intended  to  be  produced,  and  has  an  aperture  nuide  in 
crown  thereof,  so  as  to  be  capable  of  passing  over  the  screw  b,  and  thus  pe 
the  mould  c  to  come  down  over  the  block  a,  as  shown  in  the  fi^re. 

The  manner  of  using  the  machine  is  mm  follows :  the  metallic  wire-gaos 
other  material,  (which  is  intended  to  be  shaped,)  has  a  hole  made  throng 
and  b  passed  over  the  screw  6,  so  as  to  rest  upon  the  crown  of  the  block  t 
seen  at  dd.  In  this  situation,  the  upper  mould  b  is  placed  upon  the  said  n 
or  gauze-wire,  with  the  screw  passing  through  its  aperture,  as  aforesaid ; 
the  nut  or  handle  e  is  put  on  its  place,  and  is  turned  down  upon  the  screw  6 
which  means  it  presses  down  the  upper  mould  e  upon  the  metallic  wire-^ 
or  other  material,  and  thereby  forces  it  into  the  cavity  or  space  between 
block  a  and  mould  c,  so  as  to  give  it  the  desired  shape  of  the  article  requi 
The  apparatus  is  then  inverted,  and  placed  upon  a  bench,  or  other  conven 
support,  with  the  screw  b  projecting  downwards;  and  a  ring  or  hoop  of  tin 
wire,  or  other  suitable  material,  is  inserted  within  the  lower  edge  of  the  art 
and  is  soldered,  or  otherwise  securely  fixed,  to  the  wire-gauze  or  other  mate 
of  which  the  article  is  formed.  The  nut  e  may  then  be  screwed  to  the  bac 
the  screw  6,  and  the  mould  and  block  may  be  separated,  so  as  to  take  out 
article,  which  will  be  found  to  retain  the  pattern  or  shape  given  to  it  by 
said  mould  or  machinery.  After  this,  the  portions  of  the  metallic  wire-gai 
or  other  material,  which  may  happen  to  project  beyond  the  edges  of  the  af 
said  hoop  or  ring,  are  to  be  cut  off  all  round  evenly,  and  a  small  omame 
band  of  metal,  or  other  material,  may  be  soldered  or  otherwise  fixed  upon 
exterior  edge  of  the  article,  so  as  partly  to  conceal  the  interior  hoop  or  nng, 
render  the  whole  neat ;  and  then,  to  finish  and  complete  it,  a  small  nut  or  £ii 
may  be  fixed  through  the  aperture  in  the  crown,  for  the  convenience  of  carr^ 
the  articles  by.  Articles  of  this  description  will  be  found  very  serviceable 
covering  up  delicate  commodities,  or  articles  of  food,  to  preserve  them  firom 
effects  of  flies,  and  for  a  great  variety  of  useful  purposes." 

'i'he  specification  then  proceeds  to  describe  another  slight  variation  from 
above  method,  for  '*  producing  articles  of  such  a  description  as  will  not  admi 
a  hole  or  aperture  being  made  in  them.*'  For  this  purpose,  the  actuating  so 
is  made  to  pass  through  a  fixed  nut  in  an  iron  frame,  the  end  of  the  screw  en 
ing  the  flat  or  lower  side  of  the  block,  which  is  forced  into  the  cavity  of 
mould,  with  the  wire-gauze  between  them.  The  patentee  concludes  by  da 
ing  as  his  invention,  *'  the  forming  or  producing  of  articles  of  various  sha] 


fttterni,  and  liieo.  out  of  metallic  «rir«-gauie,  or  otlier  inKtFriati,  lu  afareaBid, 
if  the  operation  of  pretiing  or  forcing  llie  >sid  meUllic  wire-giuze,  or  other 
"■Mtcriali,  into  moulili  or  ihapea  of  (lit  linired  form  of  the  anicle  inlPndeil  lobe 
produced ;  the  articles  lo  formed  or  pruduced  from  the  metallic  wire-gauze,  or 
tther  material,  liciriE  cauacd  to  retain  or  preserve  the  ihope  or  pattern  which 
kaf  hatre  been  given  to  them,  by  meana  of  ont  or  more  hoopa  nr  rings,  which 
■  lecuTed  bv  lolder  or  otherwiae  lo  the  edgei  of  the  aajd  arlictoa,  during  the 
ne  they  remain  within  the  mould." 

WOOD.  The  ligneous  matter  forming  the  substance  of  trees.  It  la,  in  moat 
Met,  postesaed  of  colour,  tasle,  and  amell,  from  ihe  prcaence  uf  extractive 
Butter,  mucilage,  rciiti,  or  essential  oil ;  and  it  ia  only  when  these  have  been 
nxtncted  by  water  and  alcohol,  that  wood  can,  m  a  chemical  principle,  be 
Sagarded  aa  pure.  In  this  state,  it  is  intoluble  in  water;  it  i>  equally  jiiaoluble 
Sn  alcohol,  and  hence  it  forms  the  residuum,  whenany  of  iheaolid  parlaof  planis 
^Ikve  been  acted  on  by  these  fluids.  From  the  action  of  the  air,  if  dry,  it  doea 
,Sot  appear  lo  laBjtr  any  change  ;  but,  when  humid,  it  is  gradually  decompoied, 
■ad  paasea  through  many  intermediate  itatet,  to  tliat  of  a  black  mould,  conaiat- 
,lng  principally  of  carbuD.  The  oxygen  of  the  almoapheric  air  ia,  during  ihii 
tdiange,  abaorbed,  and  carbonic  acid  formed  with  a  portion  of  water;  and  the 
latter,  being  derired  from  the  eombJnalion  uf  the  oxygen,  leaves  carbon  pre- 
iA>niinBnt.  When  the  air  ia  entirely  excluded,  wood  decompoaes  with  extreme 
.llawnest,  even  though  humid ;  at,  for  example,  when  it  ia  buried  in  the  earth, 
\Ae  alkalie*  act  on  wood,  and  alaln  it  of  a  dark  colour:  with  ibe  aaaistance 
'^  heat,  they  aoden,  and  partly  diaaolve  and  decompose  it.  The  stronger  acida 
kSM  on  it.  Sulphuric  acid  cartionizea  it,  rendering  it  speedily  black  and  soil. 
Wllric  acid  gives  it  a  yellow  tinge,  and.  when  acted  on  in  large  quantity,  dis- 
lingages  nitrogen  gas,  and  converts  it  into  oxalic  acid,  with  small  quantities  of 
'IBalic  and  acetic  acids. 

Wood  suffera  de com posi linn  from  heal ;  a  large  quantity  of  an  acid  liquor 
'Aatila  over,  wilh  a  portion  of  empyreumalic  oil.  Catburelled  hydrogen  auil 
('■trbonic  acid  gaaei  are  diaengsged,  and  a  portion  of  ammonia  is  produced, 
fjwhich  ia  neutralized  by  the  acid.  A  charcoal  remoina,  wiiicli  retains  the  figure 
land  eren  texture  of  the  vrond.  The  acid  procured  in  this  process,  was  obaerved 
ita  be  similar  to  vinegar,  and  was  alYerwards  regarded  oa  a  peculiar  one,  and 
{pamedpyro-l igneous  acid  ;  but  the  reaearchea  of  Fourcroy  and  Vauquelin  proved 
•Aat  it  u  only  acetic  acid,  nith  an  impreguntion  of  empyreutnatic  oil. 
*  When  air  ia  admitted,  and  the  heat  raised  lo  ignition,  wood  buma.  Its  com- 
toalion  at  Gnt,  gives  much  light,  from  the  formation  and  extrication  of  carbu- 
&*tted  hydrogen  :  tbia  aoon  ceases,  and  the  charcoal  remains,  which  burns  with 
JH  urulI  red  light.  The  products  of  the  combustion  are  principally  carbonic 
Sdd  and  water.  Nitrogen  appeiiri  to  be  a  constituent  principle  of  wood  ;  aiii- 
KoDta,  therefore,  is  also  evolved,  and  accordingly,  an  ammoniacal  salt  is  found 
^  the  loot  of  wood. 

|f  Tbe  colouring  of  wood  ia  effected  by  a  variety  of  proceaaes.  Stains  do  not  ue, 
tee  paints,  upon  the  surface  of  wood,  but  sink  more  or  leaa  into  ila  aubatance. 
Hence,  the  material  which  has  been  stained,  exhihita  ita  natural  grain  and  hard- 
■Mts :  and  it  muat  be  remembered  that,  if  the  wood  be  not  white,  the  colour 
rnktn  will  be  a  compound  of  that  of  the  wood  and  the  stain.  Tbe  dyeing  woods 
pnployed,  are  in  small  chtpa  or  raapings. 

l>  The  woods  which  have  been  stamed  are  aflerwards  rubbed  up  with  rushes. 
Ifcen  with  a  cloth,  dipped  in  a  solution  of  beea'  wax  in  spirits  of  turpentine  ;  and 
bberwaida  rulibed  with  a  woollen  cloth  alone.  'Whentlie  slain  ia  intended  lo  be 
9arf  deep,  the  pieces  ahould  be  boiled  in  the  staining  liquor,  and  not  merely 
Knisbed  over.  Toatain  wood  red,  luke  two  ounces  of  Brazil  wood,  and  two  ounces 
■T potash;  mix  them  with  a  quart  of  water,  and  let  the  composition  stand  in  a 
Venn  place  for  several  days,  atirring  it  occasionally.  With  this  liquor,  made 
leiliDg  hot,  brush  over  the  wood  till  the  desired  depth  of  colour  ia  obtiiincd  : 
ftan  with  another  brush,  brush  over  the  wood  while  yet  wet,  with  a  aolution  of 
idum,  in  the  proportion  of  two  ouncea  of  alum  to  a  quart  of  water.  For  a  pink 
tit  roae  red,  use  double  the  quantity  of  potaih.     For  a  less  bright  red,  dissolve 
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an  ounce  of  dragon's  blood  in  a  pint  of  spirits  of  wine,  and  bmih  orer  tbe  i 
with  tlie  tincture  till  the  stain  appear  to  oe  as  strong  as  is  desired ;  but  th 
in  fact»  rather  lacauering  than  staining.  For  a  pink  or  rose  red,  add  to  a  g; 
of  the  above  infusion  of  Braxil  wood  two  additional  ounces  of  the  pearl-tt 
and  use  it  as  was  before  directed ;  but  it  is  necessary,  in  this  case,  to  bnid 
wood  over  with  the  alum-water.  By  increasing  the  proportion  of  pearl-ai 
the  red  may  be  rendered  yet  paler ;  but  it  is  proper,  when  niore   tlian 

Suantity  is  added,  to  make  the  alum-water  stronger.     To  stain  wood  ffi 
iasolve  verdigris  in  vinegar,  or  crystals  of  verdigris  in  water,  and  bruah 
the  wood  with  the  hot  solution.    To  stain  wood  blue,  dissolve  copper   in  dil 
nitric  acid,  and  brush  it  while  hot  several  times  over  the  wood ;  then  ma 
solution  of  pearl-ashes,  in  the  proportion  of  two  ounces  to  a  pint  of  water, 
brush  over  the  stain  made  witn  tne  solution  by  copper  till  the  colour  be 
fectly  blue.     The  green  stain,  made  as  above  with  verdigris,  may  be  chai 
to  a  blue,  by  the  solution  of  pearl-ashes.     The  sulphate  of  indigo,  which  ma; 
had,  ready  prepared,  of  the  dyers,  will,  when  diluted  with  water,  make  a 
•tain.     To  stain  wood  black,  brush  the  wood  several  times  with  a  hot  decoc 
of  logwood,  then  several  times  with  common  ink.    To  make  a  very  fine  U 
brush  over  the  wood  with  a  solution  of  copper  io  nitric  aides  for  blue,  and  a 
wards  with  logwood,  till  all  the  greenness  of  the  copper  solution  is  gone.  To  i 
wood  purple,  take  one  ounce  of  logwood  and  two  drachms  of  Brasil  wood  ; 
them  together  in  a  quart  of  water,  over  a  moderate  fire.     When  one  half  oi 
fluid  is  evaporated,  strain  the  decoction,  and  bnuh  it  several  times  over  the  w 
After  the  wood  is  dry,  brush  it  over  with  a  solution  of  a  drachm  of  pearl-a 
in  a  pint  of  vvater. 

WOOL.  The  long,  soft,  curly  hair,  which  covers  the  skin  of  sheep, 
■ome  other  ruminating  animals.  Wool  resembles  hair  in  many  respects ;  bei 
its  fineness,  which  constitutes  an  obvious  difference,  there  are  other  partici: 
which  may  serve  also  to  distinguish  them  from  one  another.  Wool,  like 
hair  of  horses,  cattle,  and  most  other  animals,  completes  its  growth  in  a  vear, 
then  £slls  off*  as  hair  does,  and  is  succeeded  by  a  fresh  crop.  It  differs  from  1 
however,  in  the  uniformity  of  its  growth,  and  the  regularity  of  its  sheddi 
the  whole  crop  springs  up  at  once,  and  the  whole  falls  off  at  once,  if  not ; 
▼iously  shorn,  which  leaves  the  animal  covered  with  a  short  coat  of  young  w 
which  in  its  turn  undergoes  similar  mutations.  Berthellot  has  shown  that 
caustic  alkaline  leys  dissolve  wool  entirely,  and  that  the  acids  precipitat 
from  this  solution^  The  facts  elicited  by  chemical  research  explain  all  the  | 
nomena,  and  all  the  properties  which  wool  presents  in  the  frequent  and  adv 
tafeous  uses  to  which  it  is  applied.  While  the  wool  remains  in  the  stat( 
which  it  is  shorn  from  the  sheep's  back,  it  is  called  a  fleece.  Each  fleece  c 
sists  of  wool  of  different  qualities  and  degrees  of  fineness,  which  the  dealers  sort ; 
sell  in  packs  at  dififereut  rates  to  the  wool-comber.  The  finest  wool  grows  on  i 
about  the  head  of  the  sheep,  and  the  coarsest  about  the  tail ;  the  longeat  on 
flanks,  and  the  shortest  on  the  head  and  some  parts  of  the  belly.  W 
that  is  shorn  when  the  sheep  is  living,  is  called  Heece  wool,  and  that  whic 
pulled  off  the  dead  animal  is  called  skin-wool.  Wool,  in  the  state  in  whici 
IS  taken  from  the  sheep,  is  alweys  mixed  with  a  great  deal  of  dirt  and  fouk 
of  dififerent  kinds,  and  in  particular  is  strongly  imbued  with  a  natural  stro 
smelling  grease.  These  impurities  are  got  rid  of  by  washing,  fulling,  t 
combing,  by  which  the  wool  is  rendered  remarkably  white,  soft,  clean,  li^ 
and  springy.  ,  When  boiled  in  water  for  several  lu^urs,  it  is  not  altered  in  i 
sensible  degree,  nor  does  the  water  acquire  any  impregnation. 

The  wool  intended  for  the  manufacture  of  stuffs  is  brought  into  a  si 
adapted  for  the  making  of  worsted  bv  the  wool-comber ;  who,  having  clearer 
from  all  impurities,  and  well  washea  it  with  soap  and  water,  he  puts  one  i 
of  a  certain  quantity  on  a  fixed  hook,  and  the  other  on  a  movable  hook«  nh 
he  turns  round  with  a  handle,  till  all  the  moisture  is  forced  out.  It  is  t1 
thrown  lightly  into  a  basket.  The  wool  is  next  spread  out  in  layers,  and  a  i 
I  drops  of  oil  are  scattered  on  each ;  which  are  packed  in  a  bin  underneath  a  bei 

where  the  comber  sits  at  work.     At  the  back  of  the  bench  is  another  bin, 
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n,  as  it  ii  eallrd,  which  is  that  jiart  of  the  wool  tlmt  is  left  in 
he  iliver  is  drawn  uut.  The  comb  consists  nf  three  rowi  o( 
aghly-Iempcred  and  polished  <teel,  lined  in  a  long  liuidle  of  wuud,  and  set 
wllel  to  one  aijoiber.  Eacli  comber  has  two  combs,  which  he  fills  with  wool 
nd  then  work*  them  li^etlier,  till  the  wool  on  each  i^  perfectly  line,  and  lit  to 
hww  out  in  slivers.  The  best  combs  of  this  kind  are  said  lo  he  munurac lured 
it  Halifax,  ill  Yorkshire.  In  uains  these  combs  the  warkniaa  has  a  put  mads 
gf  day,  with  holes  in  ita  side,  in  which  be  beats  them  to  a  certain  temperature 
fcaforc  it  can  he  made  readily  to  pass  thruugli  ilic  wool.  Each  eamh-pot  is  made 
to  hold  eight  combs,  so  that  four  men  usually  work  in  one  compartment  of  tlie 
ijlbop.  round  a  single  put.  When  the  wool  has  been  sufficiently  worked  on  ihe 
combs,  the  workman  places  one  comb  and  then  the  other  on  a  lixed  spike,  at  a 
■roper  height  for  litm  to  draw  it  out  bm  he  stands.  The  wool  thus  drawn  out 
■  wled  a  sliver,  and  is  from  lite  to  six  or  seven  feet  in  length.  Such  is  the 
pode  of  wool-combing  by  hand,  but  several  patents  have  been  taken  out  for 

teifarming  the  same  operatian  by  machinery ;  the  first  of  which  was  introduced 
y  the  ingenious  Dr.  Cartwrighl,  in  1790,  and  wool-combing  by  machinery  has 
MOW  almost  wholly  superseded  the  work  by  hand,  owing  to  the  economy  of 
labour  and  muterinl  which  !t  elTects. 

The  mauufactnre  of  woni  is  divided  into  two  distinct  classes, — lo: 
K  wonted'Spinning,  and  short  wool,  or  woollen-yam-spi lining.  ) 
already  described,  under  Cotton,  the  process  of  spinning  that  material :  it  will 
ba  readily  conceived  that  the  spinning  of  other  fibrous  matter  does  nut  very 
Msentially  diSer  tlierelVom,  but  that  it  merely  requires  certain  modifications  hi 
Ihe  apparatus  to  adapt  it  lo  the  dilTerence  of  (ibre  in  Ihe  staple  cummodity.   In 

Eiiig  uorited  by  hand,  the  portion  of  wool  plucked  from  the  sliver  was 
1  across  the  fingers  nf  Ihe  left  hand,  and  nom  the  thick  part  of  it  the 
were  drawn  and  twisted  as  the  hand  was  withdrawn  from  the  end  of  the 
'  ;h  it  had  been  previously  attached.  The  revolution  of  the  wheel, 
right  hand,  conveyed  by  a  hand  lo  the  wheel,  or  pulley  on  the 
Spindle,  produced  the  requisite  to  give  firmness  to  the  thread;  and  by  a  very 
gentle  motion  of  the  same  wheel,  the  thread  being  brought  nearly  perpendicular 
to  the  spindle,  it  was  wound  upon  the  spindle  to  form  the  cop.  From  this  it 
transferred  lo  the  reel,  and  bpcame  a  bunk,  of  a  definite  length,  but 
varying  in  weight  with  the  thickness  of  the  thread.  In  this  state  it  was 
transferred  lo  the  manufacturer,  to  he  converted  into  shalloons,  bambaziu,  or 
whatever  other  fabric  worited  is  applicable  to. 

"A  few  years  aller  tlie  introduction  of  cotton  machinery,"  (says  the  author 
of  the  Operalme  Mechatuc),  "  an  obscure  individual  of  the  name  of  Ha^ravcs, 
^viously  unknown  as  a  mechanic,  who  had  long  been  employed  by  Messrs. 
W.  Birkbeck  and  Co.  of  Settle,  in  Yorkshire,  in  the  management  uf  a  branch 
of  the  worsted  manufactory,  attempted  to  spin  long  wool  by  means  of  rollers. 
He  constructed  working  niodela  of  the  necessary  preparing  machinery,  and  of  a 
tpinuing  frame,  by  the  assistance  of  persons  accustomed  to  the  construcllan  uf 
cotton  machinery  ;  and  succeeded  so  completely,  as  soon  lo  induce  his  employers 
to  build  a  larjre  mill  for  its  applicaliun.  By  degrees  his  plans  became  known  to 
the  trade,  and  many  large  manufactories  have  subsequently  been  erected  for  this 
purpose.  Contrary  to  the  earlier  anticipations  on  this  subject,  it  bos  been  found 
that  mill-spun  yam  answers  better  for  the  coarse  as  well  as  the  finer  fabrics, 
than  that  produced  by  the  hand,  which  it  has  entirely  superseded." 

In  spinning  worstnl  by  machinery,  a  sliver  uf  wool  is  laid  upon  the  drawing- 
frame,  from  whence  it  ii  conducted  through  several  pairs  of  rollers,  of  which 
the  operalicn  of  tlie  first  and  last  are  the  essential  ones,  the  intermediate 
r^eis  moving  with  equal  velocities,  and  serving  mprely  to  conduct  the  akin, 
which  is  received  into  a  cylindrical  cnn  ;  three  such  skins  being  passed  through 
another  drawing-frame,  and  stretched  in  their  progress,  become  filled  for  roving, 
—-^e  Inst  step  in  the  preparatory  process.  The  spinning,  which  is  the  con- 
gilding  process,  is  effected  by  means  of  two  pair  of  rollers  moying  with  equal 
velocilies,  and  intcmiediate  auxiliaries. 

manufacturing  shOit  wool  into  elolh,  it  is   fxnA  soaked  in  uriiie,   BLa 
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frcoDCTidj  rimed  in  dttn  water,  wbidi  adapts  it  to  the  next  opemtioii, — I 
earoing.  The  carding  encine  for  fine  tbort  wool  is  coostmcted  with  one 
cylinder,  having  in  lira  of  the  top  cards  oaed  in  jenn^r-cpinning;  niiiii«roai 
rollen,  lying  and  rolling  upon  its  nroer  sor&ce;  it  isu«ed  in  place  of  abi 
engine,  and  is  called  a  scribbler.  Ine  wool  b  delirered  from  a  main  cf 
to  a  doffer,  and,  beii^  combed  or  doflM,  is  carried  to  another  engine  cnoi 
carder,  which  perfects  the  carding,  and  deliTers  it  off,  by  nseana  of  gr 
mahogany  roUm,  in  a  row  or  rowan,  as  in  jenny-spinning.  If  the  wool 
a  coarse  descriptioo,  such  as  is  formed  into  jram,  for  the  mannfiictiire  <if  c 
cloths,  more  carding  b  required. 

The  aeribbU  engine  has  three  distinct  parts  or  cylinders  in  one  frame. 
first  part  consists  of  the  first  main  cylinder  with  its  top  rollen,  and  ia  caDc 
breast ;  this  delirers  the  wool  to  the  second  main  cylinder,  whidi  with  il 
rollers  is  called  the  first  part ;  this  deUrers  it  up  to  a  small  interrening  cjl 
called  the  tween  doffin',  which  carries  it  to  the  third  main  cylinder,  which, 
its  top  rollers,  is  called  the  second  part;  firom  hence  it  goes  to  the  lint  < 
cylinoer,  from  which  it  is  combed  by  a  doffing-jdate,  and  finally  carrii 
Kand  to  a  carding  engine ;  by  which  the  wool  is  formed  into  aeparaftt 
smooth  ToHs  of  twenty-eight  inches  long,  and  half  an  inch  thick,  whid 
immediately  taken  by  boys,  ard  attached  to  the  spindles  of  the  rorii 
shibbing  machine.  Thu  machL.e  draws  oat  the  wool  into  large  and  ali| 
twisted  threads,  and  winds  it  into  balls  ready  for  spinning.  iSy  the  spin 
jenny  the  threads  are  twisted,  and  drawn  to  a  proper  degree  of  aizc 
strength,  and  are  then  reeled  into  skeins  and  prepared  for  the  loom.  Tlie  sCn 
sort  intended  for  the  woof  is  woand  on  spools,  or  quills,  which  are  tabes  of  a 
sixe  and  shape  as  to  be  easily  placed  in  the  hollow  of  a  shuttle.  That  deal 
for  the  warp  is  wound  on  large  wooden  bobbins,  from  whidi  it  is  by  the  i 
ing-bar  couTeniently  arrang^  for  the  chain  or  warp  of  the  piece. 

A  patent  was  taken  out  a  few  years  since,  by  Mr.  Hadden,  for  improrea 
in  preparing  wool,  and  also  for  roring  and  spinning  it  in  a  heated  state, 
patentee  observesy  that  rarious  methods  may  be  adopted  for  suppljring  he 
wool,  during  all  or  either  of  the  three  processes  of  preparing,  rovrag^  ond 
ning.     The  method  which  Mr.  Hadden  has  adopted  is  the  introdnction  of 
iron  heaters  into  the  retaining  rollers  used  for  these  processes,  obserrtng 
he  always  uses  three  rollers  or  cylinders  together,  and  by  leading  the 
over  half  the  circumference  of  the  upper  two  rollers,  charged  within  wit! 
heaters  above  mentioned,  he  thoroughly  warms  the  wool,  without  retmrdin| 
progreu  of  the  other  presses. 

The  mode  of  applying  the  heaters  is  by  making  the  retaining  cylinders 
low,  and  by  introducing  a  cylindrical  heater  into  each  retaining  cylinder.  T 
heaters  are  made  exacUy  to  fit  the  interior  of  the  retaining  cylinders,  the 
of  which  pass  through  a  channel  for  that  purpose  in  the  middle  of  the  he 
It  is  to  be  observed  that  the  heaters  may  be  put  within  the  driving  cylii 
with  equal  effect 

Tlie  qualities  which  distins^ish  woollen  cloths  from  all  other  manufact 
and  renders  them  particularly  suitable  for  northern  climates,  are  the  com] 
ness  and  density  they  acquire  from  the  operation  of  fulling.  The  dol 
sprinkled  over  with  a  liquor  prepared  from  oil  of  olive  soap  dissolved  in 
water,  and  then  laid  in  the  mill-trough,  where  it  is  pounded  with  heavy  woi 
hammers.  By  this  process  a  cloth  40  yards  long,  and  100  inches  wid 
reduced  to  30  yards  long,  and  60  inches  wide.  During  the  operation  the  < 
is  taken  from  the  trough,  the  wrinkles  smoothened,  and  more  soap  added, 
property  of  becoming  thicker  by  compression  is  peculiar  to  woollen  cloths, 
is  said  that  the  fibres  of  the  wool  are  thickly  set  with  jagged  protuheraz 
which  it  is  supposed  catch  hold  of  each  other  when  preued  together,  and 
become  inextricably  united,  so  that  the  cloth  when  cut  does  not  unravel 
other  cloth.  After  railline,  the  cloth  is  scoured  with  a  preparation  of  fid 
earth  and  bullock's  galls,  tiU  perfectly  firee  from  soap,  and  then  taken  to  the  el 
worker  to  be  dressed.  This  operation  is  performed  by  first  drawing  out 
placing  in  one  direction,  by  means  of  wire  cards  and  teazles,  all  the  fibre 
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wool  that  can  be  brought  to  the  surface,  and  then  ihearing  them  as  close  as 
may  be  practicable  without  laying  the  threads  of  the  cloth  bare.  The  instru- 
ments employed  in  this  process  were  formerly  worked  by  hand ;  but  this  opera- 
tion is  now  performed  by  machinery,  in  a  very  superior  manner  to  any  manual 
efforts,  and  at  a  much  less  expense.  When  this  process  is  completed,  the  cloth 
is  taken  to  the  rack,  where  it  is  strained  so  as  to  bring  it  to  an  even  breadth 
throughout  its  length,  and  it  is  then  sheared  again,  to  render  it  perfectly  level 
and  uniform.  All  the  little  bits  of  straw  or  lint  that  may  adhere  to  it  are  now 
picked  out,  and  any  holes  that  may  be  discovered  caremlly  fine-drawn.  The 
cloth  is  next  laid  in  a  press  with  a  sheet  of  glased  paper  between  every  fold ; 
these  are  covered  by  thin  boards,  and  hot  iron  plates  laid  thereon,  by  which  a 
gloes  is  communicated  to  the  cloth.  After  the  press  has  been  screwed  down  for 
a  sufficient  time,  the  pressure  is  removed,  and  the  cloth  taken  out  and  packed 
for  sale. — We  have  tnus  given  an  outline  of  the  process  of  manufacturing  of 
woollen  cloth,  as  it  was  generally  conducted  a  few  years  ago ;  but  the  rapid 
progress  of  mechanical  invention  during  a  very  brief  period,  has  made  so  exten- 
sive a  change  in  the  apparatus  and  processes,  as  to  preclude  the  possibility  of  a 
detailed  description  within  the  prescribed  limits  of  tnis  work ;  we  shall,  however, 
before  closing  this  article,  notice  two  or  three  recent  patents,  the  leadhig  objects 
of  which  are  to  give  to  woollen  cloths  that  silky  softness  and  gloss,  for  which  the 
best  finished  modem  fabrics  are  so  distinguished. 

Mr.  Fussel's  mode  of  producing  the  lustre  upon  cloths,  as  stated  in  the  speci- 
fication, is  in  substance  as  follows. — After  the  cloth  has  undergone  the  usual 
dressing  in  the  gig-mill,  and  hand-brushing,  it  is  to  be  tightly  wound  upon  a 
cylindrical  roller,  the  extremities  of  which  are  to  have  deep  grooves  made  round 
their  peripheries,  that  will  permit  the  list  on  the  edges  of  the  cloth  to  sink  into 
them,  ana  by  these  means  preserve  the  cloth  in  a  smooth  and  level  surface. 
The  roller  of  cloth  so  prepared  is  to  be  set  on  end  for  some  time,  to  permit  the 
water  to  drain  off;  it  is  then  to  be  placed  in  either  an  open  vessel  over  a  steam 
boiler,  and  exposed  to  the  action  of  the  steam  for  three  hours,  or  it  may  Ik 
placed  in  a  close  vessel  into  which  the  vapour  is  to  be  allowed  to  pass  while  it 
IS  made  to  revolve.  The  temperature  of  the  steam  proper  to  be  employed 
depends  upon  the  colour  of  the  cloth,  and  the  degree  of  lustre  required ;  but  in 
general  the  heat  should  be  somewhat  less  than  that  of  boiling  water. 

Mr.  James  Button's  patent  method  consists  in  pressing  the  cloth  at  the  time 
it  is  being  heated.  His  press  for  this  purpose  has  one  fixed,  broad,  and  flat  sur- 
face or  table,  eq\is\  to  the  whole  width  of  the  cloth,  and  of  suitable  dimensions 
in  the  other  direction  to  receive  about  a  yard  of  the  cloth  in  length  at  a  time, 
to  receive  the  pressure ;  which  is  effected  by  a  flat  metal  plate,  or  platten,  of 
corresponding  dimensions,  made  to  rise  and  fall,  and  to  be  operated  upon  by 
powenul  leverage,  or  hydrostatic  pressure.  To  render  the  effect  of  this  process 
permanent,  heat  and  humidity  are  employed  in  conjunction  with  it.  For  this 
purpose  a  steam  or  hot-water  chamber  is  formed  in  the  table  of  the  press,  and  the 
cloth  is  brought  under  the  operation  in  its  wet  state,  the  pressure  being  con- 
tinued upon  each  successive  portion  of  cloth,  for  a  certain  number  of  minutes 
(varying  with  the  "  dress"  required,  and  other  circumstances). 

It  is  desirable,  in  the  process  of  roughing  or  raising  the  pile  upon  woollen  cloth, 
that  the  action  of  the  teazles  should  be  made  to  deviate  from  straight  lines  on  the 
surface  of  the  cloth.  The  patented  improvement  of  Mr.  Oldland,  dated  July 
1830,  for  this  object,  consists  in  a  horizontal  revolving  teazle  frame,  ftimished 
on  its  under  side  with  teazles,  wire-cards,  brushes,  or  other  materials  used  in 
dressing  or  raising  the  pile  of  the  cloth.  The  revolving  teazles  are  put  in  motion 
by  a  band  fixed  to  the  revolving  spindle ;  and  as  the  cloth  is  brought  under  the 
teazles  by  conducting  rollers  of  the  usual  construction,  it  is  pressed  up  against 
the  teazles  by  a  supporter  covered  with  some  elastic  materisJ,  only  on  that  side 
of  the  centre  of  motion  of  the  revolving  teazle  which  moves  from  the  middle 
towards  the  selvage  of  the  cloth,  the  teazle  frame  reaching  only  halfway  across 
it ;  and  one  being  placed  on  each  side,  moving  in  different  directions,  the  pile  will 
be  raised  in  all  cases  from  the  centre  towards  both  selvages  of  the  piece  of  cloth| 
though  from  the  nature  of  toe  action  of  this  machine  it  is  evident  that  its  operatioa 


ms  wcx>L. 


•o  tlie  dodi  OB  b  BO  oae  be  rccCiiiical,  a»l  iWi  tiytkecnd 
doth  the  BBd  cimttiam  wiH  be  coBtinmlljrriwingfch  ctiicr  at  rtrj 
In  the  MOM  jwoBothcr  potcot  wai  takes  by  Mr.  Fmi,  for  tlie  fli 
which  the  principle  and  opfratwi  are  the  tmmm,  ttioQgh  the  details  "Vm} 
little.  A  tluid  patent  tar  the  mmt  object  was  nanted  on  the  wimr  dn j  aa  i 
last  mentioned,  to  Mr.  Ferrabee,  who  rsiRS  the  pile  in  a  difleicut  directi 
namelj,  from  the  middle  iloidBg  to  the  ades;  lor  this  uuipose  he  cnqdoys  t 
series  of  teaxles ;  each  series  is  attached  to  an  endlesi  caaia  wbidi  pnaaea  vo« 
two  cjfinders  bjr  which  it  is  pot  in  motion.  Two  of  the  cjfinders  wtii^  ""fP 
andgive  flsorioa  to  the  teade  chains  are  plaeed  widi  their  axes  ezteiid]ii|p  ak 
the  middle  of  the  piece  of  doth  to  be  onf  riled  npon,  and  the  other  two  ^ind 
are  plaeed  near  the  sdrages  of  the  dotn,  widi  their  axes  panDdthcvetOb  Ei 
pair  of  cyUnden  is  made  to  tnin  in  a  direction  to  raiie  the  pile  of  the  cii 
from  the  middle  towaids  the  sdrages,  at  r^ght  ancles  to  diem  when  the  doti 
at  rest ;  but  when  an  end  motion  is  giren  to  ue  cloth,  wfaidi  ia  cftcted 
means  of  two  eyiinden  placed  at  right  angles  to  the  teade  cylinders,  the  f 
is  rdwd  in  an  angnlar  dnectian,  skming  from  the  middle  towards  the  aelTi^ 
TTie  an^  of  the  work  may  heTaried  at  plensnre^  by  Tarying  the  relatire  apei 
of  the  difeient  sets  of  cyfindcn. 

The  pfuctjMs  employed  in  drang  wooQcn  doth  differ  coosiderafalj  from  the 
med  in  silk  and  cotton.  The  oil  is  fint  remored  by  the  operations  of  the  fidfii 
mill,  where  it  is  beaten  with  large  beetles  in  trooghs  of  water,  mixed  with  faOei 
earth ;  and  when  thoroogfaly  deansed  it  is  ready  lor  dyeing.  The  onlir  eolm 
used  in  dyeing  wod  Mnr,  are  wood  and  indigo,  wbidi  are  both  siuiataBti 
colours,  that  is,  they  are  permanent  without  re<|uiring  a  mordant.  Qnnti 
mere  recommends  the  following  mode  of  preparing  a  blue  rat : — Into  n  s 
about  seven  and  a  half  feet  dec^  and  fire  and  a  half  broad,  are  thrown  ti 
bdli  of  woad,  weighing  together  about  400  lbs.,  first  breaking  theni  ;  thir 
pounds  of  wdd  are  boiled  in  a  copper  for  three  hours,  in  a  sufficient  tfOMOidij 
water  to  fill  the  rat;  when  thu  decoction  b  made,  twenty  pounds  of  mndd 
and  a  basket  lull  of  bran  are  added,  and  it  is  boiled  half  an  hour  longer.  Tk 
bath  is  cooled  with  twenty  buckets  of  water  ;  and,  after  it  is  setded,  the  we 
is  taken  out,  and  it  b  poured  into  the  vat ;  all  the  time  it  is  running  in,  and  i 
a  quarter  of  an  hour  alter,  it  is  to  be  stirred  with  a  rake.  The  WBt  is  th« 
covered  up  very  hot,  and  left  to  stand  six  hours,  when  it  is  raked  again  f 
half  ani  hour,  and  this  operation  is  repeated  every  three  hours.  When  Uoe  veil 
appear  on  the  surface  of  the  vat,  eignt  or  nine  pounds  of  quick  lime  are  throa 
in.  Inunediatdy  after  the  lime,  or  dong  with  it,  the  indigo  js  put  into  the  vi 
being  first  ground  fine  in  a  mill,  with  the  least  possible  quantity  of  water  (it 
now  usudly  ground  dry.)  When  it  is  diluted  to  a  semi-fluid  coniiste^^ce,  it 
drawn  off*  at  the  lower  part  of  the  mill,  and  thrown  thus  into  the  vat.     TI 

ntity  of  indigo  depends  upon  the  shade  of  colour  required.      From  ten 
/  pounds  must  therefore  be  put  to  tlie  vat  now  described,  according  to  tl 
occasion. 

If,  on  striking  the  vat  with  the  rake,  a  fine  blue  Mcnin  arises,  it  is  fit  for  us 
after  being  stirred  twice  with  the  rake  in  six  hours,  to  mix  the  ingredient 
Great  care  should  be  taken  not  to  expose  the  vat  to  the  air,  except  when  stirrix 
it  As  soon  as  that  operation  is  over,  the  vat  is  covered  with  a  wooden  lid,  c 
which  are  spread  thick  cloths,  to  retain  the  heat  as  much  as  possible.  No 
withstanding  this  care,  the  heat  is  so  much  diminished  at  the  end  of  eight  < 
ten  days,  that  the  liquor  must  be  re-heated,  by  pouring  the  greater  part  of 
into  a  copper  over  a  large  fire ;  when  it  is  hot  enougli,  it  is  returned  into  tk 
Vftt,  and  covered  as  before. 

This  vat  is  liable  to  two  inconveniences :  first,  it  runs  sometimes  into  tli 

Putrefactive  fermentation,  which  is  known  .by  the  fetid  odour  it  exhdes,  an 
y  the  reddish  colour  it  assumes.  This  accident  is  remedied  by  adding  mor 
lime.  The  vat  is  then  raked  :  after  two  hours,  lime  is  put  in,  the  raking  pei 
Ibrmed again,  and  these  operations  are  repeated  till  the  vat  is  recovered;  seoondlj 
if  too  much  lime  is  added,  the  necessary  fermentation  is  retarded ;  this  is  n 
medied  by  putting  in  more  bran  or  madder,  or  a  basket  or  two  of  ft^sh  woad. 
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Wlien  doth  is  to  be  dyed,  the  vat  is  raked  two  hours  before  the  operation ; 
and  to  prevent  it  from  coming  in  contact  with  the  sediment,  which  would  cause 
inequalities  in  the  colour,  a  kind  of  lattice  of  large  cords,  called  a  cross,  is  intro- 
duced ;  when  unmanufactured  wool  is  to  be  dyed,  a  net  with  small  meshes  is  placed 
over  this.  The  wool  or  cloth,  being  thoroughly  wetted  with  lukewarm  water, 
is  pressed  out,  and  dipped  into  the  vat,  where  it  is  moved  about  a  longer  or 
shorter  time,  according  as  the  colour  is  intended  to  be  more  or  less  deep,  taking 
it  out  occasionally  to  expose  it  to  the  air,  the  action  of  which  is  necessary  to 
change  the  green  colour,  given  the  stuff  by  the  bath,  to  a  blue.  Woollen 
and  cloth  dyed  in  this  manner  ought  to  be  carefully  washed,  to  carry  off  the 
loose  colouring  matter;  and,  when  they  are  of  a  deep  hue,  soap  should  be  used, 
as  it  will  only  cleanse  and  not  injure  the  colour.  The  more  perfectly  the  wool 
has  been  scoured,  the  better  it  will  receive  the  dye. 

A  vat  which  contains  no  woad,  is  called  an  indigo-vat  For  this  vat,  the 
indigo  is  rendered  soluble  in  water  by  potash  instead  of  lime ;  a  copper  vessel 
is  used,  and  six  pounds  of  potash,  twelve  ounces  of  madder,  and  six  pounds  of 
bran,  are  boiled  with  every  120  gallons  of  water;  six  pounds  of  finely-ground 
indigo  are  then  added,  and,  after  carefully  raking  it,  the  vat  u  covered,  and  a 
slow  fire  kept  round  it  Twelve  hours  afterwardb,  it  is  to  be  raked  a  second 
time,  and  this  operation  is  to  be  repeated  at  similar  intervals  of  time,  till  the 
dye  becomes  blue,  which  will  generally  happen  in  forty-eight  hours.  If  the 
bath  be  properly  managed,  it  will  be  of  ft  green  colour,  covered  with  coppery 
scales,  and  a  fine  blue  scum. 

The  dye  called  Saxou  blue  is  made  with  the  solution  of  indigo  in  sulphuric 
acid.  Take  four  parts  of  sulphuric  acid,  and  pour  them  on  one  part  of  indigo, 
in  fine  powder;  let  the  mixture  be  stirred  for  some  time,  and  after  it  has  stood 
twenty-four  hours,  add  one  part  of  dry  potash ;  let  the  whole  be  again  well 
stirred,  and  after  it  has  stood  a  day  and  a  night,  add  gradually  more  or  less 
water.  The  cloth  to  be  dyed,  must  be  prepared  with  tartar  and  alum,  and  more 
or  less  indigo  must  be  put  into  the  bath,  according  to  the  shade  required.  For 
deep  shades,  also,  the  cloth  must  be  passed  several  times  through  the  bath ; 
light  shades  may  be  dyed  after  deep  ones,  but  they  will  not  have  the  lustre  given 
by  a  firesh  bath. 

Reds  are  a  very  important  class  of  colours,  and  are  fiimished  by  a  great 
number  of  substances.  They  all  depend,  either  for  their  fixedness  or  beauty, 
upon  the  use  of  mordants ;  the  principal  of  them  are  kermes,  cochineal,  archil, 
madder,  carthamus,  and  Brazil-wood.  Pewter  boilers,  or  well-tinned  copper, 
must  be  used  in  preparing  all  red  baths. 

The  shades  of  red  are  usually  distinguished  into  three  classes ;  namely,  the 
madder  red,  crimson,  and  scarlet  Madder  is  employed  for  coarse  goods.  It 
gives  out  its  colour  to  water ;  and  the  bath  prepared  with  it  is  not  nuide  hotter 
than  what  the  hand  can  bear,  until  the  wool  nas  been  in  it  about  an  hour,  when 
it  may  be  boiled  for  a  few  minutes  just  before  the  wool  is  taken  out  It  may  be 
used  in  the  proportion  of  one-third  or  one-fourth  of  the  wool  dyed.  Cloths  are 
prepared  for  the  madder-bath,  by  boiling  them  for  two  or  three  hours  in  a  solu- 
tion of  alum  and  tartar ;  after  having  been  taken  out  of  which,  they  are  left  to 
drain  for  a  few  days  in  a  cool  place  before  they  are  dyed.  The  use  of  archil 
gives  a  fine  but  transient  bloom  to  the  madder  dye.  Archil  and  Brazil-wood, 
from  their  perishableness,  are  seldom  used  to  wool,  except  in  thb  way,  as 
auxiliaries. 

When  sulphate  of  copper  is  employed  as  the  mordant,  madder  dyes  a  dear 
brown,  inclining  to  yellow.    Tin  brigniens  its  cdour,  but  not  materially. 

Kermes  has  not  been  much  used  since  the  art  of  brightening  cochineal  with 
tin  was  discovered,  as  it  has  not  so  fine  a  bloom  as  the  latter  dye,  though  it 
possesses  greater  durability.  Kermes  imparts  its  colour  to  water ;  and  the  quan- 
tity of  it  used,  is,  for  a  full  cdour,  at  least  three-fourths  of  the  weight  of  the 
wool  employed.  The  wool  is  put  in  at  the  first  boiling,  after  having  been  pre- 
viously prepared  by  boiling  it  for  half  an  hour  in  water  with  bran,  and  after- 
wards two  hours  in  another  bath,  with  one-tenth  of  tartar  dissolved  in  soui 
water,  and  then  leaving  it  for  a  few  days  in  a  linen  bag. 
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The  red  colour  of  the  flowen  of  carthamiu  is  extracted  by  a  weak  alkalm 
leVy  and  precipitated  by  lemon  juice  or  sulphuric  add,  but  is  chiefly  used  fio 
silk  and  cotton.  The  precipitate  is  used  in  dyeing,  and  is  called  tafflawer  o 
hattard  taffrxm, 

A  crimson  colour,  inclining  to  violet,  is  the  natural  colour  of  cochineal,  whici 
yields  most  of  its  colouring  matter  to  water,  and,  by  the  addition  of  a  little  alka! 
or  tartar,  the  whole  of  it  is  extracted.  To  dye  crimson  by  a  single  process, 
solution  of  two  ounces  and  a  half  of  alum,  and  an  ounce  and  a  half  of  tartai 
with  an  ounce  of  cochineal,  is  employed  for  every  pound  of  8tu£  A  little  nitro 
muriate  of  tin  must  be  added  for  a  nne  crimson.  Archil  gives  to  crimsons  thi 
fine  dark  shade  which  is  called  bloom,  but  this  soon  disappears,  by  expoaiire  t 
the  air  and  light  For  pale  crimsons,  the  quantity  of  cochineal  is  reduced,  an 
madder  substituted. 

Dr.  Bancroft  first  suggested  that  scarlet  was  a  compound  of  crimaon  an 
yellow,  and  he  founded  upon  this  idea,  a  more  economical  mode  of  producing  i 
than  had  previously  been  used.  He  gives  the  following  directions  for  dyeing 
scarlet : — One  hundred  pounds  of  doth  are  to  be  put  into  a  tin  vessel,  near! 
filled  with  water,  with  which  about  eight  pounds  of  the  murio-sulphuric  sola 
tion  of  tin  have  been  previously  mixed.  The  liquor  is  made  to  boil,  and  th 
cloth  is  turned  through  it  by  the  winch,  for  a  quarter  of  an  hour,  in  the  usui 
manner.  The  cloth  is  then  taken  out,  and  four  pounds  of  cochineal,  with  tw< 
pounds  and  a  half  of  quercitron  baric  in  powder,  put  into  the  bath  and  wel 
mixed.  The  cloth  is  then  returned  into  the  liquor,  which  is  made  to  boil,  ani 
the  operation  is  continued  as  usual,  till  the  colour  be  duly  raised,  and  the  dyeing 
liquor  exhausted,  which  will  usually  happen  in  about  fifteen  or  twenty  minutes 
after  which,  the  doth  may  be  taken  out  and  rinsed.  In  this  method,  the  laboui 
and  fuel  necessary  in  the  common  process  for  the  second  bath  are  aaved ;  th< 
operation  is  finished  in  much  less  time ;  all  the  tartar  will  be  saved,  au  well  ai 
two-thirds  of  the  expense  of  the  solvent  for  the  tin,  and  at  least  one-fourth  ol 
the  cochineal  usually  required;  the  colour,  at  the  same  time,  will  not  be  in  any 
respect  inferior  to  that  produced  in  the  ordinary  way,  at  so  much  more  truubfe 
and  expense,  and  it  will  even  look  better  by  candle-light  than  others. 

By  omitting  the  quercitron-bark,  the  above  process  will  afford  a  rose-colour. 
Scarlet  may  be  changed  to  crimson  by  boiling  the  doth  in  a  solution  of  alum 
till  the  shade  desired  is  obtained.  Alkalies  and  earthy  salts  in  general  have  the 
same  effect  as  alum. 

Yellow  is  a  colour  but  rarely  required  in  the  dyeing  of  wool,  yet,  as  it  fre- 
quently forms  the  base  of  other  colours,  it  may  be  proper  to  notice  it  Weld 
nistic,  and  quercitron  bark,  furnish  the  best  yellows :  weld  is  a  plant  which  is 
both  cultivated  and  grows  wild  in  this  counury  ;  the  stem  is  slender,  and  rises 
to  the  height  of  three  or  four  feet ;  the  entire  plant  is  used  in  dyeing,  and  is 
gathered  when  it  is  ripe  :  the  shortest  and  slenderest  stems  are  the  most  esteemed. 
Fustic  is  the  wood  of  a  large  West  Indian  tree.  Quercitron  grows  in  great 
abundance  in  North  America,  and  is  there  called  yelluw  oak ;  its  bark  is  the 
only  part  used  for  dyeing. 

The  colours  obtained  from  weld  and  quercitron  both  nearly  resemble  each 
other  in  shade,  and  also  in  durability,  which  is  not  great ;  but  the  bark  contain- 
ing the  largest  quantity  of  colouring  matter  is  not  only  the  most  convenient  to 
use,  but  upon  the  whole  the  cheapesL  Dr.  Bancroft  has  given  the  best  direc- 
tions for  its  use.  He  directs  a  deep  and  lively  yellow  to  be  thus  prepared  for 
wool : — Let  the  cloth  be  boiled  for  an  hour  or  more,  with  about  one-sixth  of  its 
weight  of  alum  dissolved  in  a  sufficient  quantity  of  water ;  then  plunge  it  with- 
out rinsing  into  a  bath  of  warm  water,  containing  in  it  as  much  quercitron  bark 
as  equals  the  weight  of  the  alum  employed  as  a  mordant  The  cloth  is  to  be 
turned  through  the  boiling  liquid  until  it  has  acquired  the  intended  colour. 
Then  a  quantity  of  clean  powdered  chalk,  equal  to  the  hundredth  part  of  the 
weight  of  the  cloth,  is  to  be  stirred  in,  and  the  operation  is  completed.  The 
obiect  which  the  dyer  has  in  view  is  to  give  his  stuffs  a  unifoim  and  durable 
colour,  at  the  same  time  that  he  entirelv  preser\*es  their  original  texture.  He 
therefore  uses  colours  in  solution,  in  order  that  their  particles  may  apply  them- 
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selves  to  the  individual  fibres  of  the  stufi^  according  to  their  affinity  for  it  When, 
for  example,  a  quantity  of  wool,  freed  from  aU  impurity,  is  dipped  mto  the  solution 
of  any  colouring  matter,  if  the  fibres  of  the  wool  have  a  stronger  attraction  for 
the  colouring  matter  than  the  water  or  other  menstruum  which  holds  that  colour 
in  solution,  the  colouring  matter  will  leave  its  solvent,  and  apply  itself  to  the 
wool,  which  will  by  that  means  be  dyed  ;  its  fibres  will  have  become  covered 
with  colouring  matter ;  and  if  their  attraction  for  it  be  so  strong  that  the  action 
of  soap,  air,  and  light,  or  other  ordinary  means  of  exposure,  shall  have  no  per- 
ceptible efiect  in  decomposing  the  combination,  or  in  other  words,  of  injuring  its 
tinge,  the  colour  is  said  to  be  permanent;  so  that  dyeing  is  in  facta  chemical 
process,  and  the  application  of  both  animal  and  vegetable  bodies  depends  on 
their  chemical  affinities. 

WRITING.  The  art  of  communicating  our  ideas  to  others  by  means  of  in- 
scribed signs  or  characters.  Amongst  the  various  arts  which  have  from  time  to 
time  contributed  to  the  improvement  and  advancement  of  socieW,  there  is,  per- 
haps, none  which,  in  point  of  utility  and  excellence,  will  at  all  admit  of  compari- 
son with  the  art  of  writing.  Yet  because  this  art  may  now  be  acquired  by 
every  body,  it  fails  to  attract  the  attention  and  command  the  admiration  it  so 
well  merits.  How  curious  and  beautiful  soever  a  new  discovery  may  be,  let  it 
once  become  common,  and  from  that  moment  it  ceases  to  be  noticed ;  that  which 
is  within  the  grasp  of  every  body  is  despised.  The  time  was,  when  a  man  who 
could  write  was  highly  distinguished  amongst  his  fellows ;  but  the  time  is  ap- 
proaching, when  a  man  who  cannot  write  will  be  pointed  out  as  a  remarkable 
character. 

In  the  first  ages  of  the  world,  while  society  was  in  its  infancy,  mankind  had 
clearly  no  other  method  of  expressing  their  ideas  in  writing,  than  the  simple  one 
of  making  a  figure  of  the  shape  of  the  object  And  this  method  must  have 
been  long  before  their  dispersion  ;  for  it  has  been  found  to  exist  amongst  the 
most  rude,  as  well  as  the  most  polished  nations  of  the  globe ;  situated  too  at 
such  remote  distances  firom  each  other  as  to  preclude  intercourse  with  the  rest 
of  mankind.  This  mode  of  writing  seems  the  most  natural,  because  the  repre- 
sentation of  sounds,  which  express  the  names  of  things,  by  certain  characters  or 
alphabets  now  so  extensively  in  use,  must  necessarily  require  some  previous 
concert  between  two  parties,  the  one  of  whom  suggests,  and  the  other  agrees, 
that  a  particular  mark  or  form  on  paper,  shall  be  Sie  symbol  for  a  particular 
sound.  But  if  we  suppose  a  savage  separated  from  his  friend,  and  wishing  to 
communicate  with  him,  without  having  had  this  previous  consultation,  and  sup- 
posing that  he  has  lent  his  distant  acquaintance  some  articles  of  furniture,  such 
as  his  bow  and  arrows,  or  his  knife,  which  he  is  anxious  to  have  returned, 
without  the  knowledge  of  his  messenger,  or  being  dependant  upon  his  memory ; 
it  seems  highly  probable,  that  his  first  impulse  would  be  to  make  a  rude  sketch 
of  these  articles,  and  transmit  them  to  his  friend.  Were  the  latter  an  acute  man, 
he  would  probably  understand  the  allusion ;  and  were  he  not  intelb'gent  enough 
for  this  purpose,  it  is  clear  he  would  not  be  sufficiently  so  to  comprehend  sym- 
bols that  denote  sounds.  So  that  the  simplicity  of  this  mode  of  writing  might 
suggest  the  probability  of  its  being  first  resorted  to,  without  alluding  to  the  hiero- 
glyphics yet  remaining  on  the  Egyptian  tombs,  which,  from  our  want  of  acquaint- 
ance with  the  manners,  customs,  and  general  objects  with  which  the  Egyptians 
were  conversant,  are  very  difficiilt  to  decipher,  if  we  may  judge  from  the  learn- 
ing displayed  in  explainmg  them.  In  Freyeuui  mtd  Arago*z  Voyage  is  given 
the  drawing  of  a  letter,  written  in  this  kind  of  language,  from  an  inhabitant  of 
the  Caroline  Islands  to  M.  Martinez,  which  is  perfecUy  intelligible.  M.  Mar- 
tinez bad  commissioned  a  Tamor  of  Sathoual  to  send  him  w^e  shells,  promising 
;in  exchanee  a  few  pieces  of  iron.  The  captain  gave  him  a  sheet  of  paper,  on 
which  he  sketched  with  a  red  pigment,  first,  in  the  middle  of  the  top  of  the  page, 
a  small  figure  of  a  man  with  nis  arms  extended  horizontally,  intended  to  repre- 
sent the  bearer  of  compliments ;  and  underneath  the  man,  the  branch  of  a  tree, 
as  the  type  of  peace  and  amity.  On  the  leflhand  side  were  represented  the  forms 
•of  nine  difierent  shells  the  Carolinean  had  to  send ;  and  on  the  right  hand  side 
were  delineated  the  objects  he  desired  in  exchange ;  namely,  tliree  large  fishing-. 
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hooks,  four  small  ones,  two  axes,  and  two  longer  pieces  of  iron.  The  barter  was 
accomplished  to  the  satisfaction  of  both  parties.  This  is,  perhaps,  as  clear  an 
instance  as  can  be  found,  of  the  mode  in  which  an  unlettered  people  would  en- 
dearour  to  convey  the  expression  of  their  wishes  to  their  friends  at  a  distance, 
and  forms  a  striking  contrast  to  the  elegant  though  complicated  process  of  out 
own  method  of  writing. 

The  written  language  of  the  Chinese  affords  many  proofii  of  its  haring  origi- 
nated  in  picture  writing.  This  method  of  writing,  of  course,  required  consider- 
able patience  and  skill  to  practise,  and  by  common  consent  the  characters  or 
signs  were  fVom  time  to  time  simplified,  so  as  to  be  expressed  by  much  fewer 
lines.  In  Egjrpt,  where  the  progress  of  the  arts  was  greatly  encouraged,  means 
were  discovered  to  substitute  the  original  figures  by  very  simple  marks,  by  re- 
taining only  the  most  prominent  peculiarities  of  the  objects,  and  these,  from 
their  superior  convenience  and  facility  of  execution,  soon  aherwards  became 
universally  adopted.  Yet  it  may  be  readily  conceived,  that  there  remained  many 
difficulties  to  overcome,  by  the  great  variety  and  intricacy  of  the  figures.  To 
simplify,  therefore,  the  method  of  writing  still  further,  the  priests  turned  many 
of  the  outlines  into  arbitrary  marks,  whidi  in  course  of  time  so  deviated  from 
their  originals,  as  to  render  it  almost  impossible  to  trace  them  to  their  archetype, 
but  which  were  nevertheless  much  less  complicated  and  more  expeditious.  Tnos, 
after  incredible  labour,  through  the  lapse  of  many  ages,  were  produced  the  three 
different  modes  of  writing  among  the  Egyptians,  designated  by  the  appellation 
of  hieroglyphic,  demotic^  and  hieratic.  Into  the  nature  of  these  our  limits  do  not 
permit  us  to  enter;  but  they  constitute  a  subject  well  worthy  of  attention^ 

The  next  step  of  improvement  was  to  form  a  connexion  between,  the  object 
represented,  and  the  wund  of  the  word  used  to  express  it  Nor  was  this  so 
difficult  as  would  at  first  sight  be  supposed :  for  when  a  man  represented  any 
image  or  picture,  that  of  a  "  door"  for  instance,  he  would  naturally  give  to  the 
combination  of  lines  with  which  that  figure  was  formed,  the  name  of  a  '*  door ;" 
and  wherever  he  met  with  this  representation,  or  even  though  he  should  change 
it  for  some  arbitrary  and  more  simple  mark,  having  the  same  signification,  the 
same  name  would  still  remain  attached  to  it,  and  by  this  means  the  word  door 
would  for  ever  afterwards  remain  associated  with  a  certain  outline  or  figure.  The 
Hebrew  alphabet  affords  a  most  satisfactory  illustration  of  this.  Ever}*  letter  is, 
in  fact,  a  word,  and  expresses  some  simple  object  Deletk,  for  example,  their 
fourth  letter,  corresponding  with  our  D,  signifies  a  '*door;"  Beth,  their 
second  letter,  answering  to  our  B,  *'  a  house,*'  and  in  this  manner  each  of  the 
remaining  letters  of  the  alphabet  have  a  meaning  attached  to  them.  Having 
attained  this  state  of  advancement,  the  progress  of  the  art  was  more  rapid.  Every 
nation,  in  its  turn,  contributed  some  letters  to  the  common  stock ;  in  a  happy 
moment  it  was  discovered,  that  each  monosyllable  terminated  by  a  sound  which, 
with  very  little  variation,  was  repeated  in  all.  Nor  was  it  difficult  to  ascertain 
the  number  of  these  which  were  invariably  fixed  to  the  four  or  five  inflexions  of 
voice.  Thus  were  vowels  added  to  consonants,  and  mankind  gradually  arrived 
at  tlie  greatest  of  all  inventions, — the  invention  of  the  alphabet.  But  who  was 
the  man,  or  what  his  nation,  to  whom  the  honour  of  this  invention  is  due,  is  still 
disputed  by  the  learned,  though  the  majority  agree  in  considering  the  presumption 
to  be  strongest  in  favour  of  Thoth,  a  son  of  Mizraim,  the  father  of  the  Egyptians. 

Tliis  noble  invention  diminished  to  a-prodigious  extent  the  difficulty  of  writing, 
it  shortened  the  labour  of  memor}',  and  was  capable  of  expressing  all  subjects, 
and  all  ideas.  The  i'hcenicians  obtained  a  knowledge  of  the  system,  imparted  it 
to  the  Greeks,  whence  it  was  gradually  spread  over  the  continent  to  our  islands, 
and  was  at  length  diffiised  over  the  whole  world,  llie  first  substance  used  for 
writing  upon  is  considered  to  have  been  dried  leaves ;  but  there  is  much  evi« 
dence  to  show,  that  plates  of  brass,  lead,  wood,  stone,  <ivory,  and  wax,  were  also 
used.  The  ancients  generally  used  tables  covered  with  a  coat  of  wax,  ou  which 
they  wrote  with  a  ttyle,  apiece  of  iron  pointed  at  the  end,  with  which  thc^  made 
the  letters,  and  blunt  or  nat  at  the  other  end,  which  they  used  for  rubbing  out 
what  they  had  written,  either  when  they  wished  to  make  any  alteration  or  to 
use  the  table  for  other  writings.     By  a  good  or  bad  ttyle,  therefore,  they  meant 
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At  first  timply  to  denote  the  quality  of  the  instniment  with  which  they  wrote. 
Hie  tenn  was  afterwards  applied  metaphorically  to  the  language :  in  which  sense 
it  is  now  used. 

Amonff  the  diffeRtit  soliBtaftiCtfli  that  were  employed  for  writing  upon,  before 
the  art  of  making  paper  from  linen-rags  was  disieovered,  we  find  the  earliest  to 
have  been  these  tables  of  wood,  made  smooth,  and  covered  with  wax.  But  as 
what  was  written  on  wax  might  easily  he  defaced,  leaves  of  the  papyrm,  a  kind 
of  flag,  which  grew  in  great  abundance  in  the  marshes  of  Egypt,  were  dried, 
and  by  a  particular  process  prepared  for  writing.  Sheets  were  also  separated 
for  the  same  purpose  from  the  stem  of  die  plant.  On  these,  the  letters  were 
engraved  with  an  instrument  similar  to  that  used  for  writing  on  wax.  The  sub- 
stance so  prepared  was  called  charta,  firom  a  dty  of  Tyre  of  that  name,  near 
which  the  plant  was  also  found.  The  words  folia,  ^eooes^  and  eharta  paper,  thus 
derived,  are  weU  known  among  ourselves. 

As  in  writing  a  treatise,  a  great  number  of  these  leaves  or  sheets  was  required, 
they  were  joined  together  by  making  a  hole  and  passing  a  string  through  each 
of  them.  With  the  same  string  passed  several  tunes  round  them,  they  were 
confined,  to  prevent  their  sepantting,  and  being  injured  or  lost  when  no  one 
was  reading  tnem ;  whence  it  is  supposed  that  a  roU  or  bundle  of  ihem  obtained 
the  name  of  a  volumen,  or  volume.  Those  who  have  seen  specimens  of  the 
Burmese  writing  on  leaves  thus  collected,  may  form  an  accurate  notion  of  an 
ancient  papyrus  volume. 

Another  article  used  for  writing,  was  the  inner  bark  of  certain  trees.  This 
was  {Nrepared  by  beating  it,  and  then  cementing  it  together  by  a  solution  of 
gum.  As  the  mner  bark  of  trees  is  called  UbeTf  the  volumes  of  books  were 
Uience  called  libriy  a  name  they  still  retain.  Vellum,  the  last  substance  to  be 
mentioned,  is  said  to  owe  its  origin  to  the  following  circumstance.  Eumanes, 
King  of  Pergamus,  being  desirous  of  forming  a  library  that  should  equal,  or 
exc^  in  number  the  for*iamed  libraiy  of  Alexandria,  Ptolemy,  King  of  Egypt, 
with  a  view  of  frustrating  his  design,  prohibited  the  exportation  of  the  papjrrus. 
This  excited  the  industry  of  some  artists  in  the  court  of  Eumanes :  they  con- 
trived a  method  of  preparing  the  skins  of  sheep,  and  it  was  called  vellum,  from 
vellus,  a  fleece  or  skm ;  and  parchmetU,  from  Peigamus,  the  place  where  the  art 
of  preparing  it  was  discovered :  or,  if  not  discovered,  it  was  there  improved,  and 
first  brought  into  general  use. 

The  Greeks  and  Romans  as  well  as  most  of  the  eastern  nations  adopted  the  form 
of  the  continuous  roll.  There  were  two  rollers,  one  at  each  end  of  the  roll, 
round  one  of  which  the  whole  manuscript  was  folded :  the  reader  unrolled  one 
end,  and  as  he  proceeded,  he  rolled  it  upon  the  empty  roller  until  the  whole 
was  transferred  from  one  roller  to  the  otner.  Notwithstanding  the  great  incon* 
venience  which  this  contrivance  infiicts  upon  readers,  espedmy  when  they  have 
occasion  to  refiresh  their  minds  by  occasional  references  to  passages  lying  under 
many  coils  of  the  roll,  our  Court  of  Chancery  retains  the  *'  good  ola  practice,'* 
for  the  purpose,  it  would  almost  appear,  of  deterring  people  firom  reading  the 
specifications  of  patents  and  other  public  records.  Persons  who  go  to  read  these 
documents  at  the  Inrolment  Office,  or  JKe  BcHm  Chi^  Office^  shmild  prepare 
themselves  to  have  the  sleeves  and  breasts  of  their  coats  grouted  in  by  the 
lime  dust  by  which  the  rolls  of  parchment  are  whitened ! 

Although  much  information  upon  the  manners  of  the  Romans  has  been  ob- 
tained by  the  discovery  of  two  Roman  cities,  which  had  been  hidden  by  the 
cinders  thrown  from  Mount  Vesuvius,  by  the  eruption  about  the  year  a.  d. 
79 ;  but  little  more  is  known  upon  the  subject  of  taeir  books  and  manner  of 
writing,  than  was  known  before  tne  excavations.  RoUsof  briUle  material,  about 
eight  inches  long  and  about  two  inches  in  thickness,  were  frequently  discovered 
by  the  workmen  during  the  operations  at  Pompeii ;  but  it  was  not  first  known 
that  these  were  books :  upon  examination,  however,  they  proved  to  be  papyrus 
glued  together.  At  one  end  of  most  of  them  was  a  label,  upon  which  was 
written  the  title  of  the  book,  and  the  author's  name.  Of  these  rolls,  CamiHo 
Paderni  carried  away  three  hundred  and  thirty-seven,  which  he  cc^ected  from 
the  rubbish  during  twelve  days  which  he  passed  among  the  ruins  of  PompeiL 
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Tlie  papyrus  has  become  so  brittle,  in  consequence  of  the  heat  of  the  aslieiL 
that  no  one  has  yet  succeeded,  to  any  extent,  in  unrolling  them.  Piaaai,  a 
monk,  discovered  a  way  of  unrolling  them,  W  putting  thin  slices  of  onion  be- 
tween the  folds  of  the  manuscript  as  he  carenilly  separated  them  with  a  knife. 
This  is  the  best  contrivance  which  has  yet  been  adopted,  but  it  cannot  be  said 
to  have  proved  successful.  After  all  the  time  and  money  which  have  been  be- 
stowed upon  this  object,  it  b  to  be  regretted  that  few  works  have  been  recovered. 
Some  of  these  rolls  are  forty  feet  in  length ;  many  of  them  have  been  taken  to 
the  University  of  Cambridge,  where  they  have  remained  many  years^  without 
anyattempt  having  been  made  to  nnrol  them. 

The  labour  bestowed  upon  ancient  manuscript  books  was  immense.     Aj  thej 
were  intended  to  answer  all  the  purposes  oif  a  modern  printed  book,  thor 
durability  was  of  the  greatest  importance.    The  ancient  copyists  therefore  paid 
great  attention  to  the  manufacture  of  their  inks,  as  well  as  the  parchment ;  in 
Siis  art  they  were  so  successful,  that  most  of  the  very  ancient  manuscripts 
which  are  now  extant,  are  as  legible,  and  the  ink  is  as  black  and  bright,  as  if 
they  had  been  but  just  written.    It  is  supposed  that  the  ink  owes  this  beautilbl 
colour  to  the  lamp4ilack.  Some  ink  was  found  in  a  glass  bottle  at  Herculaneum, 
which  was  very  thick  and  oily.  It  was  owing,  perha^  to  its  glutinous  nature,  that 
the  persons  employed  to  take  down  the  speecnes  delivered  by  the  orators  in  the 
'Forum,  preferred  writing  on  waxen  tablets,  which  required  a  very  sl^ht  touch 
to  mark  them.     It  would  have  been  an  operation  almost  laborious  to  write  with 
such  ink  as  this  found  at  Herculaneum,  and  the  writer  would  have  proceeded 
very  slowly,  and  would  not  have  been  able  to  follow  the  speaker.    There  is  one 
great  objection  to  this  ink ;  it  does  not  enter  sufficiently  into  the  parchment,  and 
•18,  therefore,  easily  obliterated.    The  Romans  made  ink  of  various  colours ;  the 
emperors  in  the  latter  times,  when  wealth  and  luxury  had  destroyed  the  empire, 
enaeavoured  to  make  an  appearance  of  grandeur,  by  writing  with  purple  ink. 
Materials  more  valuable  wera  sometimes  used,  when  the  writings  were  of  value  ; 
the  works  of  Homer  were  written  in  letters  of  gold,  upon  a  roll  120  feet  long, 
formed  of  the  intestines  of  serpents.  ^The  Hebrews  also  are  remarkable  for  the 
beauty  of  their  manuscripts ;  the  letters  are  as  evenly  formed  as  it  would  be 
possible  to  form  them  in  a  t3rpe ;  it  is  almost  impossible  to  believe  that  they  can 
have  been  written  by  a  pen.    All  the  eastern  nations  make  their  pens  of  zeeds, 
which  were  well  suited  to  the  broad  character  of  their  writing;. the  reeds  are 
brought  from  ^e  East  to  Europe,  and  are  used  by  the  scholars  in  eastern 
literature ;  they  are  still  used  by  many  people  in  the  East  at  this  day.     Reeds 
were  used  by  other  nations  also.     Pens  made  of  them  were  discovered  during 
the  excavations  at  Pompeii ;  they  are  cut  like  a  quill  pen,  except  that  the  nib  is 
much  broader. 

The  quill  pen  appears  to  have  been  introduced  about  the  year  600 ;  the  word 
perma,  meaning  a  quill,  is  not  found,  it  is  said,  in  any  work  of  an  earlier  period ; 
previous  to  that  date,  the  word  calamtu  was  used,  which  signifies  a  reed.  Paper 
was  introduced  into  Europe  in  the  ninth  or  tenth  century.  It  had  previously 
been  manufactured  in  China  from  a  veiy  remote  period.  About  the  year  716 
a  manufactory  of  it  was  established  at  Mecca,  from  whence  it  was  brought  by 
the  Greeks  to  Constantinople. 

We  might  have  extended  this  article  by  some  account  of  modem  writing,  but 
our  space  will  not  admit  of  it ;  and  it  is  scarcely  needful,  as  most  of  our  readers 
are  well  informed  upon  the  matter.  We  shall  Uierefore  conclude  by  a  few 
remarks  upon  the  peculiar  direction  of  the  writings  of  different  nations.  The 
^ews  write  from  the  right  hand  to  the  left ;  the  Chinese  from  the  top  to  the 
bottom ;  most  other  nations  write  as  we  do,  from  the  left  to  the  right. 

X. 

XEBEC.  A  three-masted  vessel  of  a  peculiar  construction ;  chiefly  employed 
in  the  Mediterranean.  They  are  built  extremely  low,  with  a  very  convex  deck, 
and  carry  a  great  press  of  saiL    As  the  sea  commonly  breaks  over  the  deck 


YTTRIA.  923 

they  are  provioed  witb  grmted  platforms  at  the  sides,  for  walking  upon.  We 
hare  occasionally  wen  ttiem  in  the  Thames,  empbyed  as  merchantmen,  but 
their  chief  employment  is  in  warfare. 


Y. 


YACHT.  A  taiHne-Tessel,  fitted  up  with  great  elegance,  and  replete  with 
conreniences.  It  is  difficult  to  define  any  peculiarity  belonging  to  them ;  as 
the  term  yacht  is  applied  to  so  great  a  rariety  of  forms ;  some  represent  com- 
plete three-masted  sk^  but  of  a  diminutive  use ;  while  others  are  mere  plea- 
sore  ^oote. 

YARD.  An  English  lineal  measure  containing  three  feet,  or  thirty-six 
inches ;  also  1760  yards  make  a  mile.  The  souare  yard  contains  3X3  =  9 
square  feet ;  4840  square  yards  are  an  acre,  and  3,097,600  a  square  mile.  The 
cobie  or  solid  yard  contains  (3X3X3)  =27  cubic  feet  The  yard  by  which 
doth  is  measived,  is  the  lineal  yard  above-mentioned,  but  for  conTenience, 
divided  into  four  quarters,  or  sixteen  nails.  This  measure  was  instituted  by 
Henry  I.  being  the  length  of  his  own  arm. 

YARD.  A  long  piece  of  timber  or  pole  tapered  towards  each  end,  and  sus- 
pended upon  the  masts  of  a  vessel,  to  extend  Uie  saib  to  the  wind. 

YARN.  Flax,  wool,  or  other  fibrous  matter,  spun  into  a  loose  thread ;  of 
which  doth  or  cordage  is  made.  The  process  in  preparing  yam,  has  been  gene- 
rally treated  under  the  various  substances  of  which  it  is  formed.  In  this  place 
we  shall  therefore  confine  our  attention  to  yam  of  a  peculiar  character,  for 
which  a  patent  was  granted  in  1832,  to  Mr.  Greaves,  of  Chorley,  in  Lancashire. 
Thb  invention  consists  in  dyeing  cotton  in  the  wool,  of  various  colours,  and  of 
every  gradation  of  tint,  and  to  mix  the  same  up  in  various  ways,  with  bleached 
white  cotton,  so  as,  by  their  union,  to  produce  a  self-varied  colour  of  yam, 
thread,  or  stufl^  widiout  such  fabrics  undergoing  afterwards,  as  usual,  the  pro- 
cess of  dyeing. 

The  patentee  states  his  plan  to  be,  to  dye  separate  portions  of  cotton-wod  of 
the  seven  primitive  colours ;  and  other  portions  of  cotton-wool  of  various  shades 
or  tints  of  the  foregoing ;  and  with  these,  together  with  white  cotton,  according 
to  the  taste  of  the  operator,  to  prepare  yam.  Suppose,  for  instance,  that  the 
manufacturer  required  a  peculiar  green,  he  would  take  the  primitive  colours, 
yellow  and  blue,  and  mix  them  together  in  such  proportions  as  would  produce 
the  exact  tint  desired,  adding  yellow  to  lighten,  and  blue  to  deepen  the  colour ; 
if  an  orange^  yellow  and  red ;  if  purple,  blue  and  red  or  pink ;  and  by  vanring 
the  nature  and  proportions  of  the  combination  of  the  pnmitive  colours  of  the 
cotton-wool,  and  their  several  shades,  every  possible  variety  of  tint,  and  every 
gradadon  of  shade,  may  be  obtained  with  the  utmost  facility. 

When  the  due  proportions  of  coloured  cotton  are  put  together,  it  is  to  undergo 
the  same  processes  as  if  it  were  in  a  white  state, — such  as  rovmg,  spinning, 
twisting,  winding,  and  doubling,  to  make  it  into  yam  or  thread,  in  which  sUte 
it  may  be  either  used  for  sewing,  embroidery,  &Cy  or  be  woven  into  fabrics,  as 
in  other  yams,  and  will  not  require  any  subsequent  operation,  such  as  dyeing, 
beside  avoiding  the  bleaching  process,  which  is  always  liable  to  deteriorate  the 
cdour  as  well  as  the  strength  of  the  fabric 

A  method  of  printing  yam  was  also  patented  by  Mr.  Schwabe,  of  Manchester, 
in  1831,  which  is  described,  with  figures,  m  Hebert's  '<  Journal  of  Patent  Inven- 
tions," vol.  ri^.  171,  which  we  have  not  space  to  insert 

YEAST.  The  scum  thrown  up  in  the  fermentation  of  beer.  See  Barm,  Fer- 
MXMTATioN,  Brbad,  and  Beer. 

YTTRIA.  A  peculiar  substance  discovered  in  1794,  by  Gadolin :  whether 
it  be  an  earth  or  metal,  the  leamed  are  not  agreed,  lliat  ^re&t  authority.  Sir 
H.  Davjr,  says  that  it  consists  of  inflammable  matter,  metallic  in  nature,  com- 
bined with  oxygen.    Ita  specific  gravity  is  4.842. 
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Z AFFRE.    The  reriduum  of  cobalt,  after  the  fcilphiir,  anenic,  and  other  voU- 
tfle  matters  of  this  mineral,  hare  been  expelled  by  calcination.     The  orea  of 
cobalt  are  roasted  in  verberatoiy  furnaces,  provided  with  chambers  to  receive 
the  arsenic :  the  prodact  of  same  is  usually  about  68  per  cent  of  that  of  the 
ore.     The  ores  that  contain  much  nickel  are  not  fit  for  the  preparation  of 
saffre,  as  the  oxide  of  nickel  would  iigure  the  beau^  of  the  Uue  eolaiir,  or 
smalts,  for  the  making  of  which  saffire  is  manufiMttuned.      Inferior  kinds  crfT 
xaffire  are  made  by  minng  this  oxide,  previously  atamped  and  aifled  to  a  ^^^ 
powder,  along  with  caking  flints  or  quarts,  also  ground  in  various  proportmis 
according  to  the  use  for  which  it  is  intended,  moistening  the  whole  with  water, 
and  packing  it  tight  in  casks,  where  it  hardcas  to  a  stone.    A  very  fine  xaffie, 
or  China  blue,  ia  obtained  firom  the  arsenical  and  grey  cobalt  ore,  Ibund  in  Cora- 
wan,  by  boiling  the  powdered  ore  in  nitrie  add,  which  converts  the  anenie 
into  arsenical  acid,  and  unites  it  with  the  diffident  metals  contained  in  the  ore. 
The  solution  being  diluted  with  a  large  quantity  of  water,  purified  pearl-ash 
water  is  then  added  in  small  portions  to  the  dilated  solution ;  and  on  the  addition 
of  each  portion  the  liquid  is  well  stirred,  left  to  settle,  and  the  clear  part  poured 
off.    This  is  repeated  until  the  solution  beoomes  of  a  rose  colour,  which  ahows 
that  it  contains  only  the  arseniate  of  cobalt    The  peari-ash  water  is  then  added 
in  larger  quantity  uian  is  necessary  to  throw  down  all  it  contains,  and  the  solu- 
tion is  boued  for  a  few  minutes.    Bdng  then  left  to  settle,  the  liquid  is  filtered, 
the  oxide  of  cobalt  left  on  the  filter,  wauied  with  boiling  water,  and  dried.     This 
oxide  is  then  mdted  with  feld^iar  and  aiittle  potash,  and  thus  yields  a  beantifal 
xaffie  for  painting  porcelain.    Another  mediod  is  to  grind  the  ore,  mix  it  with 
two  or  thne  times  its  weight  of  China  ware,  grossly  powdered,  and  heat  it  very 
strongly.    The  whole  is  then  put  into  three  or  four  parts  of  nitric  acid,  diluted 
with  an  equal  weight  of  water.    The  clear  solution  is  poured  oS,  evi^porated 
gently  to  a  syrupy  consistence,  diluted  afresh  with  water,  left  to  settle^  poured 
off  clear  from  the  arsenic  that  is  separated,  and  then  the  piearl-ash  water  ia  added 
by  small  portions,  and  the  operation  finished  as  in  the  jformer  process.    Zafl&e  is 
used  for  making  smalts,  and  for  painting  on  the  best  kinds  of  pottery.    The 
common  zafire  is  cheap,  but  the  best  sells  for  two  guineas  the  pound  in  the  pot- 
teries.    Zafiire  is  likewise  used  in  the  manufacture  of  cobalt 

ZEALAND  (New)  FLAX.    The  phormntm  tenax  of  naturalists.     Its  com- 
mercial name  has   been  acquired  from  the  circumstance   of  the  natives  of 
New  Zealand  employing  it  in  the  manufacture  of  their  apparel,  cordage,  and  all 
those  purposes  for  which  hemp  and  flax  are  used  in  other  countries.    The  strength 
of  itsnbres,  however,  greatlv  exceeds  those  of  the  last-mentioned  vegetable  sub- 
stances ;  and  indeed,   nearly  approaches  the  tenacity  of  silk.      Of  this  plant 
there  are  two  sorts,-— one  becoming  a  red  flower,  the  other  a  yellow.    The  leaves 
of  both  are  similar  to  those  of  the  common  flax  plant,  but  the  flowers  are 
smaller,  and  the  clusters  more  numerous.     The  Zealanders  obtain  the  flax  from 
them  by  very  simple  and  expeditious  means.    The  fibres  are  beautifully  fine, 
and  white,  shining  like  silk ;  the  cordage  made  from  it  was  found  by  our  navi- 
gators to  be  very  much  stronger  than  any  thing  we  could 'produce  with  hemp. 
With  the  view  of  introducing  the  growth  of  so  valuable  a  plant  in  this  country, 
Captain  Ferneaux  brought  over  some  of  the  seeds,  which  were  sown  in  Kew 
Gardens,  by  order  of  hb  late  Majesty,  but  unfortunately  failed.     Subsequent 
to  this  period,  the  culture  has  been  very  successfully  pursued  by  our  settlers  in 
New  South  Wales.     We  are  indebted  to  Mr.  Wm.  Salisbury,  of  Brompton,  for 
the  discovery  of  this  identical  plant,  growing  indigenously  in  the  south  of  Ire- 
land, where  it  flourishes  luxuriously.     This  discovery  wiU  probably  prove,  ulti- 
mately, of  the  utmost  importance  to  Ireland,  where  the  poor  may  be  profitably 
employed,  both  in  the  culture  and  subsequent  manufacture.     Mr.  Salisbury 
observes,  that  plants  of  three  years  old,  will,  on  an  average,  yield  thirty-six 
leaves,  besides  a  very  considerable  increase  of  off-sets ;  which  leaves  being  cut 
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down,  at  the  lime  of  clearing  tlie  quarters  in  the  autumn,  are  ruunil  to  snriug 
up  again  in  tlie  fallowing  MiDDier. 

Rapecting  the  produce,  tbe  lanie  gentleman  states,  "  Sue  loavei  have  pro- 
duced  me  one  ounce  of  fibres,  when  scutched  perfcctlf  clean  and  dry;  at  wbicli, 
on  acre  o[  land  planted  with  [his  crop,  at  three  feet  distance  from  plant  to  plant, 
will  yield  rather  more  than  lixleen  hundred  weight  per  acre,  which  ii  a  very 
peat  produce  compared  with  that  of  hemp  or  flax.  New  Ze^ond  flax  mnj  be 
scutched  with  little  labour  or  trouble,  und  maj  be  performed  by  penons  in 
common.  Tbe  leaves  should  be  cut  when  AdI  grown,  and  macerated  for  a  few 
days  in  stagnant  water,  and  then  passed  under  a  roller  modiine  properly 
weighted ;  by  this  process  the  fibres  become  separated,  and  if  washed  in  a  run- 
uing  stream,  will  instantly  become  wliile.  When  (he  fibres  are  Ibus  sculclicd 
clean  and  dry,  any  kind  of  friction  will  cause  them  to  divide  into  any  degree  of 
fineness  in  the  harlt,  so  tar  even,  as  to  Gotioni»c ;  whereby  it  is  fitted  to  all  the 
purposes  to  which  hemp  and  flax  ore  adapted." 

This  plant  is,  at  present,  under  cultivation  in  several  parts  of  England  and 
Wales.  It  will  grow  in  either  a  moist  or  a  dry  toil;  on  a  hill,  or  in  a  valley, 
but  most  luxuriously  where  there  is  an  abundance  of  moisture. 

New  Zealand  flax  has  at  length  become  one  of  our  established  manufactures, 
and  is  now  wrought  into  various  articles  of  commerce;  every  improvcmeni, 
therefore,  in  its  preparation,  that  will  cconomixe  the  process,  and  extend  ill 
useful  applicatiatiB,  is  well  deserving  of  record.  Accordingly,  we  subjoii)  on 
account  of  the  patent  granted  to  Mr.  J.  Uolt,  jun.  of  Whitby,  in  YoncsLirc, 
designed  with  those  views. 

In  the  manufacture  of  tarred  cordage,  the  chief  obstacle  to  the  employment 
of  that  strong  fibrous  vegetable  material,  known  by  the  term  of  New  Zealand 
Hax,  (but  which  also  comes  from  Manilla,  and  other  parts  of  the  East,)  has  been 
the  apparent  impossibitily  of  making  the  fibres  absorb  or  unite  with  die  preaer' 
rativa  fluid.  In  consequence,  the  chief  use  of  tbe  New  Zealand  flax  has  bei^ii 
confined  to  the  preparation  of  white  cordage.  Tbe  patentee  informs  us  in  bis 
specification,  that  he  has  discovered  thai  the  ultimate  fibres  of  the  flax  ore  com- 
bined and  enclosed  by  a  coating  of  adhesive  matter,  which  requires  the  applica- 
tion of  some  chemic^  solvent  to  set  the  fibres  at  liberty,  and  adapt  them  to  the 
>tion  of  lor :  and  the  solvent  which  effects  (bis  object  completely  and  econo- 
mical]]', he  fluds  to  be  a  weak  solution  of  potash  of  soda.  His  process  is  as 
billows  :— 

Tlie  Sax  having  been  heckled  and  spun  into  yarn  in  the  usual  manner,  is  in 
fuitable  state  forthe  chemical  procedure ;  which  consists  in  immersing  it  in  a 
•olulion  of  potash  or  soda,  in  the  proportion  of  half  an  ounce  of  alkali  to  a  gallon 
Iter,  wliieh  may  be  either  hot  or  cold.  When  the  flax  has  been  thus  sub- 
mitted to  tiie  action  of  tbe  alkaU  for  forty-eight  hours,  it  is  lo  be  taken  out, 
Ig,  and  hung  up  to  dry,  either  in  the  air  or  in  a  stove.  When  dried,  the  flax 
will  be  found  adapted  to  imbibe  tbe  tar  as  readily,  and  hold  it  as  firmly,  as  the 
hemp  in  ordinary  use  ;  in  performing  which  process,  and  all  that  may  be  subse* 
quent,  the  tope  manufacturer  need  make  no  variation  from  his  accustomed  pro- 
ceedings. There  is  likewise  included  in  Mr.  Holt's  patent,  some  improved 
mechanical  apparatus  for  depriving  the  New  Zealand  flax  of  the  bark  and  ikin 
with  which  it  is  found  combined  in  the  commercial  state.  A  kind  of  grating, 
I  either  of  iron  or  wood,  is  provided,  consisting  of  a  range  of  parallel  bars, 
the  whole  forming  a  right-angled  parallelogram,  having  ils  two  opposite  longest 
■ides  inclosed  by  vertical  boards.  The  bars  in  their  transverse  section  are 
tapered,  with  their  narrow  ends  or  aides  placed  upwards  in  this  frame;  but 
another  similar  frame  of  bars,  which  is  made  to  fit  and  pass  over  the  former, 
t>  bars  with  the  nairow  ends  or  sides  downwards ;  which  arrangement 
.gives  the  respective  fmmes  of  bars  a  tendency  to  interlock  in  the  soma  man- 
ner as  toothed  wheels ;  and,  therefore,  when  the  raw  Sox  is  spread  upon  the 
lower  frame  of  parallel  bars,  and  tlic  upper  frame  duly  loaded,  is  laid  over  the 
jBax,  and  passed  backward*  and  forwards,  a  powerful  and  uniform  rubbing  action 
'~  produced  upon  the  flax,  which  0|>ena  the  fibres,  while  it  separates  the  bark 
id  other  extraneous  mattei;  which  falls  thiuiigh  the  bar  of  the  lower  fixed 
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frame,  and  is  coUected  underneath.  For  the  convenience  of  supplying  the  flsx 
to  the  lower  frame,  the  latter  is  at  the  middle  divided  into  two  portions  or  flaps, 
which  open  VSke  the  lids  of  boxes,  but  meet  together  when  down  with  serrated 
teeth,  for  the  purpose  (we  suppose)  of  holding  the  flax  in  its  place  whikt  being 
rubbed. 

ZEINK  This  name  has  been  given  to  a  substance  obtained  by  Mr.  Gerham 
from  maiae  or  Indian  com,  by  iniming  it  in  water,  then  filtering  and  treating  the 
uncUssolved  matter  with  alcohol,  and  evaporating  the  solution  effected  by  the  latter 
liquid.  He  thus  obtained  a  yellow  sulMtance  having  the  appearance  of  wax, 
and  of  a  soft,  tough,  elastic  nature,  and  heavier  than  water ;  resembling  gluten, 
yet  afibrding  no  ammonia  by  decompodtioii. 

ZERO.  A  scientific  term  applie«l  to  the  commencement  of  a  acale,  and 
marked  with  an  O.  It  is  the  point  or  beginning  from  which  the  scale  or  distances 
are  graduated.  Thus,  the  zero  of  Fahrenheit  is  32*  below  the  freezing  point  of 
water.  In  the  centigrade  scale,  the  xero  is  made  that  of  freezing  water,  or  32t 
of  our  scale 

ZIMOMK  The  gluten  of  wheat  treated  by  alcohol  is  reduced  to  the  third 
part  of  its  bulk.  This  diminution  is  owing,  not  merely  to  the  loss  of  gliadine, 
out  likewise  to  that  of  water.  The  residue  is  zimome,  which  may  be  obtained 
pure  by  boiling  it  repeatedly  in  alcohol,  or  by  digesting  it  in  repeated  portions  of 
that  liquid  cold,  till  it  no  loneer  ^ves  out  anv  gliadine.  Zimome  is  found  in 
several  kinds  of  vegetables.  It  difiers  from  gluten  in  its  mode  of  fermentation, 
and  varies  in  that  respect  according  to  the  nature  of  the  substances  it  comes 
in  contact  with. —  Ure. 

ZINC.  A  metal  of  a  bluish-white  colour;  of  considerable  hardness,  and  so 
malleable,  when  pure,  as  not  to  be  broken  with  the  hammer,  though  it  cannot 
be  thus  much  extended.  It  is,  however,  easily  rolled  into  sheets,  by  the  flatting- 
mill  ;  and  in  this  state,  it  has  recently  been  brought  into  very  extensive  use,  m 
the  manufacture  of  pipes,  gutters,  and  a  great  variety  of  vessels  and  utensils. 
Its  specific  gravity  is  7.0.  In  a  temperature  of  from  210*  to  300«,  it  possesses 
so  much  ductility,  that  it  can  be  drawn  into  wire  as  well  as  laminated,  for  which 
process,  a  patent  was  granted  to  Messrs.. Hobson  and  Sylvester,  of  Sheffield, 

Zinc  melts  at  about  700<*  Fahr. ;  bv  continuing  to  raise  the  heat,  it  soon  after 
becomes  red  hot,  and  bums  with  a  dazzling  white  flame,  and  oxides  with  such 
rapidity,  as  to  fly  up  in  a  floculent  form,  which  is  called  the  flowers  of  zinc, 
when  these  are  urged  by  a  strong  fire,  they  are  converted  into  a  clear  yellow 
glass. 

In  the  ordinary  method  of  preparing  the  sulphate  of  zinc,  or  spelter,  the  ore 
is  exposed  to  the  heat  of  a  furnace,  in  a  melting-pot,  from  the  bottom  of  which, 
a  pipe  descends  into  a  vessel  of  water,  for  the  purpose  of  receiving  the  metals 
as  they  are  melted,  and  for  condensing  such  portion  as  pass  off  in  the  form  ot 
vapour.  An  improvement  upon  this  mode  was  the  subiect  of  a  patent,  about 
fifteen  years  ago ;  in  which  it  was  so  arranged,  that  as  the  zinc  volatilized,  the 
vapour  should  be  received  and  condensed  in  a  separate  veosel,  leaving  the  melted 
metal,  such  as  lead,  and  other  impurities,  in  the  former.  An  improvement  upon 
this  mode  of  operating,  was  lately  patented  by  Messrs.  Benecke  and  Shears ; 
their  process  consists,  first,  in  a  peculiar  treatment  of  the  ore,  previous  to  its 
introduction  into  the  furnace ;  and  secondly,  in  a  peculiar  arrangement  of  the 
retorts,  and  other  appendages,  by  which  a  more  convenient  mode  of  charging 
the  retorts  is  obtained,  and  a  purer  metal  is  the  result. 

The  ores  are  first  to  be  roasted  in  the  ordinary  way,  by  stratifying  them  with 
fuel,  and  setting  fire  to  the  pile.  The  ore  is  next  spread  out  in  the  air,  and 
lixiviated,  to  separate  the  sulphate  of  zinc ;  it  is  next  to  be  dried,  pulverized, 
and  roasted  a  second  time,  until  the  sulphur  is  extricated,  when  it  should  be 
powdered  again,  and  mixed  with  an  equal  quantitv  of  carbonaceous  matters, 
such  as  powdered  coal,  charcoal,  cinders,  &c, ;  in  this  state,  it  is  to  be  saturated 
with  an  alkaline  ley,  or  a  solution  of  common  salt ;  the  solutions  var)'ing  accord- 
ing to  the  nature  of  the  ore.  Calamine,  or  other  oxides  of  zinc,  will  require 
only  to  be  pulverized  and  calcined. 

With  the  ores  prepared  as  before  mentioned,  the  retorts  arc  to  be  charged 
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the  neck  of  an  earthen  head-piece  * ;  the  lower,  d,  is  square,  for  clearing  out 
the  reaiduum  after  working,  which  is  cloaed  during  the  dietiUalion,  by  a 
■tapper,  and  luted.  The  head-piece  has  likewise  another  tube  fitted  to  it,  and 
I  luted,  merely  for  the  purpoie  of  lengthening  it  auScientty  to  allow  the  vapour 
to  cool  as  it  descend!,  and  to  condense  upon  an  iron  plate  beneath,  u  ihown  in 
the  lowest  figure  in  the  diagram,  which  represents  a  cross  or  f  erticol  section  of 
a  rcvcrberataiy  furnace,  in  which  a  double  row  of  such  retorts  may  be  supposed 
?e  arranged,  with  a  lung  aperture  between  them,  where  the  fire  is  situated, 
whicli  rests  upon  a  grating  over  an  arched  passage  that  communicates  with  the 
open  air  outside  the  building;  this  arched  passage  baa  a  door,  by  the  opening 
and  shutting  of  which  the  beat  of  the  furnace  is  regulated  as  may  be  required; 
and  through  one  of  the  encts  of  this  long  passage  an  aperture  is  mode  for 
supplying  the  furnace  with  fuel.  The  earthen  head-pieces  h,  it  will  be  observed, 
have  an  aperture  supplied  with  a  stopper ;  through  these  openings  the  ore  and 
carbon,  prepared  as  before  mentioned,  are  introduced  in  si^cient  quantity,  by 
means  of  a  ladle,  into  the  body  of  the  retort,  when  the  apertures  are  closed  and 
luted.  The  operation  of  diatiUation  then  commences ;  tlie  zinc,  which  rises  in 
vapour,  passes  into  the  head-piece  b,  down  the  pipe  c,  and  falls  upon  the  iron 
plates  beneath,  in  a  condensed  state. 

By  the  arrangement  described,  the  beads  and  necks  of  each  retort  are  placed  in 
B  square  recess  or  neclc  by  itself,  by  walls  built  out  between  them,  so  that  each 
may  he  perfectly  closed  in  by  a  door  from  wall  to  wall.  Tlie  doors  are  made  of 
latticed  wire  work,  for  the  purpose  of  holding  clay  when  plastered  over  thorn, 
for  the  purpose  of  efieclually  confining  the  hcftt  within  thetiimace;  each  of  these 
doors  has  a  central  eye-hole,  provided  also  with  a  stopper,  for  watching  the 
proeress  of  the  operation,  and  for  enabling  the  workmen  to  determine  the  degree 
of  heat  to  be  apnlicd,  and  other  circumslances.  By  another  arrangement  the 
before-mentioned  patentees  propose  to  erect  fumaees  with  several  tiers  of  cylin- 
drical retorts,  placed  one  above  anotlicr,  with  their  necks  or  heads  projecting 
beyond  the  front  wall.  The  fire-place  is  covered  by  a  low  arch,  to  prevent  the 
fire  acting  too  violently  upon  (he  lowermost  vessels ;  but  through  the  arch 
apertures  are  made  for  the  circulation  of  the  heated  ur  among  the  vessels  above. 
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The  carbonate  of  tine,  which  is  employed  at  a  white  pigment,  is  manafactnred 
by  pouring  into  a  solution  of  zinc,  in  sulphuric  acid,  a  solution  of  carbonate  oi 
ammonia,  and  afterwards  washing  and  drying  the  precipitate.  The  next  im- 
portant  use  of  zinc  is  in  the  fabrication  of  those  usemi  and  beautiful  alloys  with 
copper,  called  brass,  prince's  metal,  &c.     See  Allot,  CorPER,  Brass,  &c. 

Blende  is  the  native  sulphuret  of  zinc '  the  two  substances  are,  however, 
difficult  to  combine  artifidafly.  The  dfluted  sulphuric  acid  dissolves  zinc,  giving 
out  much  heat  to  the  solvent,  while  hydrogen  escapes.  An  undissolved  residue 
is  lef^  which  Ptoast  says,  is  a  mixture  of  arsenic,  lead,  and  copper.  The  white 
vitriol,  or  white  copperas,  as  it  is  usually  termed,  is  crystallized  rapid! v,  resem- 
bling loaf  sugar.  Sulphurous  add  also  dissolves  zinc,  sulphuretted  hydrogen 
being  evolved.  Diluted  nitric  add  rapidly  dissolves  zinc,  producing  much  heat, 
with  the  extrication  of  nitrous  gas.  Muriatic  add  operates  violently  upon  zinc, 
disengaging  much  hydrogen.  The  phosphoric,  fluoric,  carbonic,  acetic,  suc- 
cinic, benzoic,  oxalic,  tartaric,  citric,  and  other  acids,  operate  upon  zinc,  with 
various  energy.  The  zinc  is  precipitated  from  its  acid  solutions,  by  means  of 
the  alkalies  and  soluble  earths ;  the  former  re-dissolving  the  metal,  if  they  be 
in  excess.  Most  of  the  alloys  or  metallic  combinations  with  zinc,  have  already 
been  noticed  under  other  heads. 

ZIRCONIA.  A  metallic  substance,  discovered  in  the  jarzon  of  Ceylon,  by 
Klaproth,  in  1789.  It  unites  with  the  adds,  is  insoluble  in  the  pure  alkalies,  but 
soluble  in  alkaline  carbonates.  It  does  not  melt  before  the  blowpipe,  but  emits 
a  yellow  phosphoric  light  Strongly  heated  for  several  hours  in  a  crucible,  it 
undergoes  a  spedes  of  fusion;  having  then  some  resemblance  to  porcelain, 
strikes  fire  with  steel,  scratches  glass,  and  has  a  spedfic  gravity  of  4.3. 
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